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Review singkat (banget)
NEUROANATOMI
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Outline
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Konsep 3D dalam memahami Neuroanatomi
Embriology

Supratentorial

Infratentorial

Sistem Arteri dan Vena

Aliran CSF dan Sistem Ventrikel
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1. Konsep 3D dalam memahami
Neuroanatomi
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Axial

Coronal

Sagittal
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Lateral view
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Frontal view
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Sella turcica:

Hypophyseal fossa

Parietal bone Crista galli

Frontal sinus
Cribriform plate
Perpendicular plate

Temporal bone Nasal bone

Sphenoid bone
Sphenoid sinus

Internal acoustic
meatus

Hypoglossal canal e
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Occipital bone y
‘omer
Styloid process
g Maxilla
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pterygoid plates Palatine bone
Mandibular foramen Mylohyoid line
Mandible
Hyoid bone
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SISI
Lateral

Frontal Lobe @ Parietal Lobe

Temporal
Lobe

Brain Stem : — %@ Occipital Lob

Cerebellum
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Cerebral cortex

coronal

White matter

Corpus callosum

Fornix

Lateral ventricle

Caudate nucleus
Thalamus

Putamen Third ventricle

Lentiform nucleus

Globus pallidus
medial and internal

segment )
8 Inferior horn of

lateral ventricle

Subthalamic
nucleus

Temporal lobe

Substantia
nigra

Mamillary body
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Brainstem dan Nervus Kranialis

ANTERIOR

Pituitary gland
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Optic tract
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Cerebellum

ANTERIOR

ANTERIOR
LOBE

POSTERIOR

\ T LOBE

A CEREBELLAR [R% 2%
\ HEMISPHERE &
W\

VERMIS

POSTERIOR

(a) Superior view
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HEMISPHERE

CEREBELLAR
PEDUNCLES:

Superior
Middle

Inferior
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CEREBELLAR

FLOCCULO-
NODULAR
LOBE

VERMIS

POSTERIOR
LOBE

POSTERIOR

(b) Inferior view
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2. Embriologi
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BRAIN VESICLE | CORONAL VIEW
FORMATION AWEEKS — A

. Prima Seconda Insula is exposed
ok VESICLES “cephalon” brain Vesliyles brain vesicles
v The neural tube differen-
' - Telencephalon | | Cerebrum \

tiates into brain vesicles v )
@

(“-cephalon”).

Prosencephalon .

v/ BRAIN VESICLES Diencephalon Thalamic areas
® 4 Weeks 5 Weeks Mesencephalon Mesencephalon Midbrain

P'ITﬂy Sei?"ﬁ‘a_ry Metencephalon — - Pons + Cerebellum

Rhombencephalon Myelencephalon Medulla oblongata
, Neural tube Neural tube ‘Spinal cord
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Neural tube runs length of embryo
until month 3 when spine growth .
starts to outpace spinal cord growth.

> Optic cup —> Retina
Vgtfcle ~>Optic stalk-> Optic nerve



Neuroembriologi Dasar Otak

TABLE 14.1

Development of the Brain

Three primary Five secondary Adult structures
brain vesicles brain vesicles derived from:
Wall Cavity Walls / \ Cavities
4 | TELENCEPHALON —— : / —> Cerebrum Lateral ventricles £ )
—— PROSENCEPHALON —< - | - ‘/
/ (FOREBRAIN) DIENCEPHALON —— Thalamus,

— hypothalamus, Third ventricle
/ and epithalamus

/)\
MESENCEPHALON ———>» MESENCEPHALON ———__

) (MIDBRAIN)
. L METENCEPHALON
RHOMBENCEPHALON —<

7’—) Midbrain Aqueduct
of the midbrain

\ Pons
}<: Upper part of
Cerebellum fourth ventricle

)
/
)

/ (HINDBRAIN) MYELENCEPHALON > Medulla oblongata Lower part of /
fourth ventricle
Three- to four- Five-week Five-week
week embryo embryo embryo
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Cantral canal
Spinal cord

Figure 1.13 Schematic representation of the major subdivisions and landmarks of the brain.
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3. Supratentorial & Infratentorial
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Tentorial
notch

Falx
cerebelli

Tentorium
cerebelli

----------------

Tentorium cerebelli

Falx cerebri

Infundibulum

Tentorium cerebelli
The tentorium
cerebelli - an infolding
of the dura mater -
forms a tent-like sheet
which separates the
cerebrum (brain) from
the cerebellum

The tentorium is
anchored by the
petrous bones
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Tentorium cerebelli

On axial slice CT images of
the brain the tentorium is
faintly visible passing over
the cerebellum

Tentorium cerebelli - clinical
significance

In the context of
subarachnoid hemorrhage or
subdural hematoma the tent
may become more dense due
to layering of blood.
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The Tentorium Cerebelli

Tentorium >\

Infratentorial |
(cerebellum)
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Below the
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Sinus
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Temporal lobe — =

Mesencephalon

Cerebellum Tentorium
Cerebelli
Foramen
Magnum Cerebellar
Tonsils
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Superior sagittal
sinus

Straight
sinus

Transverse
sinus
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cerebelli
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4. Sistem Arteri dan Vena
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Frontal veins
Venae frantales

Precentral gyrus
Gyrus precentrals
Frontal lohe
Lobus frontalks

Central sukus
Suicus centrals

Prefrontal veins
Venae prefrontales

Frontal sinus
Sinus frontalis

Superficial middle
cerebral vein
na media superficialis cenebri

Orbit
Orbita

Temporal lobe
Lobus temporalis

Temporal veins
Yenae temporales

lemporal fossa
Fossa remporals
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Superior sagittal sinus

Sinus sagittals supenion

Parietal lobe
Lobus paretaks

Parietal veins
Venae panietales

Ocapital veins
Venae ocdpitales

Branch to angular gyrus
Rami gyn angulars

Temporo-occipital branch
Ramus temporooccipiials

Inferior anastomotic
vein (Labbe)
Vena anastomotica inferior

Occapital lobe
Lobus occipitalls

Anterior, middle and
posterior temporal artenes
Arterlae temporalls anterion,
medius et postenor

Sigmoid sinus
Sinus sigmoideus

Semidrcular canals
Canales semicirculares

External acoustic meatus
Meatus acusticus extemus

Lsc 8y
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3D Perspective

Anterior cerebral

Posterior Cerebral
Artery
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HA’.?IJ;;.:. .djf:i.n
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Sistem Artel

A Antarior communicating

Anterior cerebral
Postenor

Middie cerabral communicating
Ophthalmic

Posterior cerebral Basilar

Left internal
carotid

Left vertebral

Right subclavian Left subclavian
. Left common
Brachiocephalic ot
Aortic arch
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Vessels Dissected Out: Inferior View

Anterior cerebral artery (A, segment) Medial striate artery (recurrent artery of Heubner)

Anterior communicating artery Anteromedial central (perforating) arteries

Anterior cerebral artery (A, segment) Hypothalamic artery

Ophthalmic artery Anterolateral central (lenticulostriate) arteries

Internal carotid artery P — < w

Middle cerebral artery

Posterior communicating artery Superior hypophyseal artery

Posterior cerebral artery Inferior hypophyseal artery

(P, segment)

Sistem e
A rt e r I Superior cerebellar artery

Basilar artery

Anterior choroidal artery
Thalamotuberal (premammillary) artery
Posteromedial central (perforating) artery
Thalamoperforating artery

Pontine arteries Posteromedial central (paramedian) arteries
Anterior inferior cerebellar artery Labyrinthine (internal acoustic) artery

Vertebral artery
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Anterior Cerebral | Middle Cerebral J ["Anterior Choroid Artery

Cervical Part

Posterior Communicating Artery |
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Ophthalamic Artery

I Anterior Cerebral Artery I

| Middle Cerebral Artery |

Posterior Communicating Artery

I Anterior Choroid Artery |
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The anterior cerebral artery
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The middle cerebral artery
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Medial lenticulostriate arteries

They are branches of the Al-segment of the anterior cerebral artery.
They supply the anterior inferior parts of the basal nuclei.

They also supply the anterior limb of the internal capsule together with
the recurrent artery of Huebner, which also is a branch of the anterior
cerebral artery.,

Lateral lenticulostriate arteries

They are branches of the horizontal M1-segment of the middle cerebral
artery.

They supply the superior part of the head and the body of the caudate
nucleus, most of the globus pallidus and putamen.

They also supply the anterior limb of the internal capsule and parts of
the postenor Ilmb of the mternal capsule, which is largely supplied by
the anterior choroid: |

syl
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The posterior cerebral arteries

Orbitotrontal branches of ~

Ay Orbatal branchos trom
‘\\ Benor Carsliral anery
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A
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] -

Lentcuiostriate branches ( \
P

[ -
Postenor cereted) artery \,

i
\ \ "AN\W
- ‘ \

N
Parwtooccipital anery ,ﬂ[? i /, Posssnor 1eenporal branches

' . N | : - ‘ Calcanno artery
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Branches Branches
from from

Vertebral arteries Basllar artery

medial lenticulo-
striate arteries

lateral Ientncplo-
striate arteries

s =t Y Anterior
v@, Choroideal artery

Penetrating branches
= of posterior cerebral
i/ artery (P1-segment)

— T

GOOD MORMING KMOWLEDGE




Vaskularisasi Otak

. Middle cerebral antery

. Posterior cerebiral artery

----------------
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Arterial Supply to Cerebellum

Thieme Atlas of Anatomy Su perior
cerebellar

Basilar artery

Anterior spinal artery and
paramedian branches
of the vertebral artery

Anterior inferior Posterior inferior
cerebellar artery cerebellar artery

Think:  Midbrain/SCP/Anterior lobe, deep nuclei/Superior Cerebellar Artery
Pons/MCP/Basilar and AICA
Medulla/ICP/Posterior lobe/PICA

el
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Sistem Vena Otak

Medial superior
cerebral w.

Thalamostriate v.

Superior anastomotic v.

i (of Trolard)
SHpRaior Superior
cerebral vv. . saqittal sinus
Superior
sagittal sinus Inferior

saglttal sinus

E

Internal

~
.
P

' J (
./ o,

A

-

22D .l 57 O
>
>

-_ | Superficial occipital v.
middle Great cerebral
cerebral v. v. (of Galen)
Straight sinus
Transverse g
sinus (truncated) \
Inferior S : Inferior Occipital sinus Anterior cerebral v.
?gff;g?éo)tlc V. cerebral v. (variant) Vein of
the septum pellucidum
Internal cerebral v.
Basal v. (of Rosenthal)
Fig. 11.13 Veins of the brain, lateral view Fig. 11.14 Veins of the brain, medial view

----------------
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superior cerebral veins X

middle meningeal vessels.
inferior sagittal sinus superior sagittal sinus
Jalx cerebri . falx cerebri
Iransverse sinus

inferior sagittal
sinus

lentorium cerel
great cerebr
vein

oceipital s

straight s

confluence of sinuses

Jalx cerebelli %
occipital sinus

Soramen magnum
- g tentorium cercbelli
¢ / cave / / I3 "
<phencpartetal " sinus [ . encephalic dura mater
sinus v

petrosal ' superior pWosal sinz. infertor cerebral veins
sinus  trizeminal nerve

ernous |

jugular bulb

transverse sinus
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5. SISTEM VENTRIKEL DAN
ALIRAN LCS
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Lateral ventricle's

> choroid plexuses

Third ventricle's

— choroid plexus
Fourth ventricle's
— choroid plexus
Arterial blood

CSF

Sistem Ventrikel dan
Sirkulasi CSF

——> |Lateral ventricles

CSF
—

CSF
—_—

Through
interventricular
foramina

Third ventricle

Through aqueduct
of the midbrain

(cerebral aqueduct)
4

Fourth ventricle

Through
lateral and median
apertures

Subarachnoid space

Y

Arachnoid villi of dural
venous sinuses

Venous blood

Y

Heart and lungs

POSTERIOR ANTERIOR

CHOROID PLEXUS OF
LATERAL VENTRICLE

CHOROID PLEXUS OF
THIRD VENTRICLE

Superior cerebral vein

(8 L S

"\\ ARACHNOID VILLUS

2\
L SUBARACHNOID SPACE

Cerebrum

Interthalamic

adhesion of i/ \ \ )

thalamus y \ —— SUPERIOR SAGITTAL
Posterior . \ SINUS

commissure

\LL Corpus callosum
/ y ]
Great cerebral — 7 ] LATERAL VENTRICLE

vein

INTERVENTRICULAR

Straight sinus FORAMEN

Anterior commissure
THIRD VENTRICLE

AQUEDUCT OF THE
MIDBRAIN (CEREBRAL
AQUEDUCT)

Hypothalamus

Pons
Cerebellum

CHOROID PLEXUS OF
FOURTH VENTRICLE

MEDIAN APERTURE

Cranial meninges:
LATERAL APERTURE
Pia mater

Arachnoid mater
Dura mater

FOURTH VENTRICLE
Medulla oblongata

Spinal cord
CENTRAL CANAL

—U )

4

Path of:
— CSF
——> Venous blood

T}
= , —
- . — sagittal | ‘
‘ \ plane , SUBARACHNOID SPACE

Filum terminale
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Lateral ventricle

Choroid plexus

o
Foramen of Magendie
Foramen of

Magendie
Foramen of
Monroi J
Third ventricle Fenestrated capillaries
Central canal
Spinal cord
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Lateral ventricles

Interventricular foramen

Third ventricle

—Cerebral aqueduct nl_.i:

Fourth ventricle

Central canal

(lateral view) (anterior view)

GOOD MORMNING KMOWLEDGE



Y
e Cpis

Sesi| 2

DDDDDDDDDDDDDDDDDDDD



wif
s .dff"""

Aplikasi Neuroanatomi dalam
Pemeriksaan Imaging
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Outline

1. Konsep dasar pemeriksaan imaging
1. Xray Based

1. Skull
2. CT
3. DSA

2. Magnetic Based
2. Jenis potongan dalam pemeriksaan imaging

3. Gambaran normal pada CT scan
1. Tulang
2. Cerebral dan cerebellum
3. Vaskularisasi
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1. Konsep dasar pemeriksaan
Imaging
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RADIODENSLE VERSUS RADIOLUCEN']

X - ray
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RADIODENSE —
RADIOPAQUE
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 Foto kepala atau skull

biasanya dilakukan pada
pasien post trauma
capitis, pasien dicurigai
kelainan pada  sinus
maupun mastoid.

* Foto skull jarang
dilakukan pada pasien
dengan kelainan saraf
pusat

e Sudah ditinggalkan
karena ada imaging lain
seperti CT Scan dan MRI

»
e Cpis

Skull X-ray

40
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Coronal suture _

Frontal sinus -

Lambdoid suture

Crista galli
Frontal sinus —— 3

Greaterwing 4
= Londyle o
of sphenoid Con 1’,Ibvl of
managibie

esserwing of sphenoid — EE erwing of sphenoid
Greaterwing of sphenoid —— ] M —— Greaterwing of sphenocid

Sphenoid sinus
Ethmoid sinus —

Maxillary —
Maxillary sinus —— r F
sinus

p ' o e

Y 1 =
- B B b oa S~ 4
-~ ) -
-- 12
. - d dald ’ $ans i
Angle of mandible — —— 3 » ’ 3
3 - Ramus of mandible -~ — Dens of axis

(C2 vertebra)

Palatine process Cotonoid process of Anterior arch of atlas
of maxilla mandible
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CT Scan

* Imaging x ray based dengan
multipel potongan/ slice

e Bisa 3D rekonstruksi

X-ray beam

Rotating X-ray
tube

Fixed array of
detectors
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Brain window vs Bone Window

Brain Windows Bone Windows

I
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Digital Subtraction
Angiography
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Basilar

RT vein of trolard
vein of trolard LT

RT parietal veins

parietal veins LT

\ superior sagittal sinus

.

RT sigmoid sinuf/
~

sigmoid sinus LT

RT transverse sinus \/
transverse sinus LT

RT internal jugular vein / \—- internal jugular vein LT

torcular herophili

Ly ek
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MRI (Magnetic Resonance Imaging)

* Menggunakan medan magnet

e Baik dalam mengevaluasi soft
tissue




sy
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2. Jenis potongan dalam
pemeriksaan imaging
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3. Gambaran normal CT Scan
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Bone Window

Nasolacrimal duct A Nasal septum
Maxilla
Zygomaticomaxillary

suture . /,\
. Foramen ovale Zygomat'c arch
Pterygopalatine 1)\ T v\
fossa \ N 474N 3 Foramen
2 N |

-

Pterygoid Foramen

process spinosum lacerum

Carotid canal

Mastoid process Sigmoid sinus

Jugular foramen

Occipitomastoid

suture

Occipital bone Clivus

Js L
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Bone Window

Inferior Nasal bone Ethmoid
rectus m. air cells
Lateral rectus m.
A Sphenozygomatic
ol

suture
Sphenoid bone

(greater wing)

Temporal bone Sphenoid sinus

squamous part)

Internal Middle ear
auditory

canal

Temporal
bone

Temporal bone
(petrous part)

Occipital protuberance

Hypophysial fossa
(sella turcica)

Transverse
sinus
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Cerebellum

Middle cerebellar
peduncle
(brachium pontis)

Basilar a.

Fourth ventricle
Cerebellar

. Transverse Nodule of
hemisphere

sSiNuUsS vermis




|dentifikasi :

1. ventrikel

Cingulate gyrus

Lateral ventricle
(anterior horn)

Lateral ventricle
(trigone)

Superior sagittal sinus

Caudate nucleus
(head)

Lentiform nucleus
( putamen
& globus pallidus )

Thalamus

Superior sagittal sinus




Coronal

syl
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CT Angiography > ARTERI




CT
Venography

VENA

wf
s Cpio

sy
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Digital
Substraction
Angiography
(DSA)
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Tips untuk Mengidentifikasi
Gambaran Patologis pada CT Scan
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Outline

1. Gambaran umum patologis dalam CT
1. Densitas =2 DOT ( HU unit)

2. Gambaran stroke perdarahan dan infrak
1. Infark ( akut dan kronik )

2.  SAH
3. IVH

3. Gambaran trauma kepala
1. EDH

2. SDH - kontracoup . Akut dan kronik
3. ICH dan kontusional

4. Gambaran tumor otak
1. Efek massa + MLS
2. Perbedaan kontras dan tanpa kontras
3. Kasus: meningoma, pituitary adenoma dan glioma

i
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Gambaran Patologis Umum
pada CT Scan
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Densitas pada CT Scan

CT Number Ranges in Hounsfield Units (HU)

S Bone +1000

White matter +20 to 30
| — Muscle +20t0 40
e Gray matter +30 t0 40
M~ Hemorrhage +65 to +#95
e CSF (water) 0
) Fat -30 to -70
| - Air -1000

M.H. Lev, R.G. Gonzalez, in Brain Mapping: The Methods (Second Edition), 2002

e Cpis

Hypodense Isodense

4

Hyperdense Hypodense

v
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Stroke

Perdarahan v/s. Infark
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hemorrhagic

2
e Cps
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Hyper Acute = Acute =2 Chronic Infarct




Stroke Perdarahan

Tipikal ICH Hipertensive Malformasi vascular susp aneurisma




Spontaneus SAH




ICH Kortikal

Susp. AVM

x
e Cps



Volume = LBC
2
59x50x6.1
2

Volume =

Volume = 90mL

N
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Hyperdense Vessel Sign

Loss of insular ribbon sign

Obscuration lentiform nucleus

Loss of Gray — White matter distinction

Area hypoattenuation

Sulcal effacement

Intraluminal thrombus

Cytotoxic edema

Cytotoxic edema

Cytotoxic edema

Irreverible tissue damage

Mass effect
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Gambaran Trauma Kepala
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Middle
meningeal
artery
(ruptured)

----------------

Dura Dura

(peeled (still attached
ff I
off skull) ~ toskull) e
Skull Superior blood
fracture sagittal sinus Quter
membrane
inner
membrane

EPIDURAL SUBDURAL

HEMATOMA HEMATOMA

%
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Middle
meningeal

rtery ?)ﬂ" R
. (fl?mured) o / ‘ ~ / )
Epidural Hematoma (EDH) e /7

blood

Biconvex Coupe

; .
SCALP Hematom / f \

- ———"—\\
ntal Epidural Hematoma

Frontal Epidural Hematoma

Frontal Epidural Hematoma

L.\‘
\\J - | ‘;" 4




1. Volume
2. midline shift ( MLS)

ABC
Volume = T

8.9x4.3x9.0
2

Volume =

Volume = 170mL

A= 8.9cm
B =4.3cm
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Subdural Hematoma

Biconcave

* Pria 58 tahun datang ke IGD dengan
penurunan kesadaran setelah terjatuh
dari tangga dirumahnya

membrane

¢ - -
——— > Inner

membrane
~,
/\’\ 2o\
/ \\ .\ . : '
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SDH Acute = Sub-acute =2 chronic

Acute

Sub-acute

Perhatikan IMILS (midline shift)

I
i
1
|
i
1
1
1
1
|
|
|
1
1
1

Chronic

fd ug t-
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COUP AND COUNTRA COUP SDH

‘4*{2;” Lesi countra coupe SCALP Hematome SCALP Hematomeg%o : '

Lesi countra coupe
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Disebut ICH jika volume > 5 cc atau diameter >2 cm,

| C H VS. KO nt US | ona | Kontusio jika volume < 5 cc atau diameter < 2cm

x
e Cps
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HADAYAACHMAD ARF TN

Traumatic ICHR

AACHMAD ARY TN v pon ABAVAACHMAD ARF TN
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Gambaran Tumor Otak
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Tumor Otak Ekstra-aksial

Efek massa Efek massa

’4“’? b Perhatikan IMLS (midline shift)




Meningioma

Pre Contrast

Post Contrast

TscCped
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Tumor Otak Intra-aksial 2 GLIOMA

R
\ ~“".'.'.“""‘ )
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CT Scan TUMOR pada Fossa Posterior

Pre kontras Post kontras “
.\ HYDROCEPHALUS



CT Scan DAN MRI

EDEMA
KALSIFIKASI PERITUMORAL

Ay 490?;%4& |
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Macroadenoma Hipofisis

x
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Macroadenoma Hipofisis




