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Circle of Willis

Carotid-Vertebral Cerebral Circulation

Anterior communicating a. a4 ‘ Recurrent a. (of Heubner)

Anterior cerebral a. Ophthalmic a.

Internal carotid a.

. ’ Q ; /e 2
Circle e e (.5 P .
—

of Willis | Middle cerebral a. [ —
Posterior communicating a. ( N Anterior choroidal a.
Posterior cerebral a. ; ; ,
Perforating diencephalic,
Superior cerebellar a. mgsencephaluc, 2nd
chiasmatic branches
Basilar a. '

o ) Pontine branches
Anterior inferior

cerebellar a. Labyrinthine (internal

Vertebral a. ; auditory) a.

Posterior inferior . Anterior spinal a.
cerebellar a. :
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Mopdonornyeckme BapmaHTbl CTPOEHUS

DTEPUN LLEN

Morphologic Variants of Vertebral and Common Carotid Arteries

Right deep cervical a.

Right ascending
cervical a.

Right vertebral a.

Right common
carotid a.

Right subclavian a’

Brachiocephalic trunk

Aorta (arch)

A. Trifurcation of
brachiocephalic trunk
into right subclavian,
common carotid, and
vertebral arteries

Right vertebral a.

Right common
carotid a.

Right subclavian a.

Brachiocephalic trunk

Aorta (arch)

thyrocervical trunk
costocervical trunk

internal thoracic a.

subclavian a.
vertebral a.

common carotid a.

B. Origin of left vertebral artery
from aortic arch instead of from
left subclavian artery

Left vertebral a.

Left common carotid a.

Left subclavian a.

C. Origin of left common
carotid artery from
brachiocephalic trunk



MarncrpasbHble apTepun rolIoBbl U LLEN

| Collateral
n Following
Occlusion of Basilar,
Vertebral, or Subclavian
Arteries

A. Occlusion of
basilar artery

Circulation maintained
by flow from internal
carotid arteries via:
1. Posterior commu-—
nicating arteries
2. Anastomosis between
posterior inferior
cerebellar and
superior cerebellar
arteries

B. Occlusion
of proximal
vertebral artery

Circulation maintained
by flow from:

1. Occipital artery
(from external
carotid)
to muscular
branches
of vertebral artery
Ascending
cervical artery
(from thyro-
cervical trunk)
by direct
connection
or via spinal
radicular branches

. Opposite vertebral
artery and/or
ascending cervical
artery via spinal
radicular branches and
anterior spinal artery

C. Occlusion of proximal subclavian artery

Circulation maintained by flow from:
. Vertebro-vertebral anastomosis
. Occipital artery (external carotid)

to muscular branches of vertebral artery

. Occipital artery to deep cervical artery
. Via spinal radicular branches of

vertebral and ascending cervical arteries
Inferior thyroid anastomosis between
both inferior thyroid arteries

. Anastomosis between internal thoracic

(internal mammary) arteries

. Aortic intercostal arteries to internal

thoracic arteries




ApTepn Mo3ra

Distribution of Congenital Cerebral Aneurysms

Anterior cerebral 30%
Distal anterior
cerebral 5%
Anterior
communicating 25%

Internal carotid 30% Anterior
Ophthalmic 4% circulation
Posterior 85%
communicating 18%

Bifurcation 4%
Anterior
choroidal 4%

Middle cerebral 25%

Posterior cerebral 2%
(Posterior
communicating and
distal posterior

cerebral) Posterior
Bosiiar 0% circulation

: X 15%
Bifurcation 7%
Basilar trunk 3%

Vertebral — posterior
inferior cerebellar 3%




[ MraHTckasa aHeBpu3Ma BCA




TpaBMaTnyeckue paspbiBbl CA

Traumatic Aneurysms of Cervical Portion
of Internal Carotid Artery

Direct microsurgical vascular

repair has been used recently in
some cases with success. However,
if aneurysm is located just

below cranial vault, ligation

of the internal carotid artery

in the neck and clipping of the
intracranial portion may be
necessary because of lack of

other suitable surgical access

Such aneurysms may appear as a mass in the
neck and are often associated with dysphagia,
tinnitus, vertigo, dyspnea, or even hemiparesis,
hemiplegia, or aphasia. Misdiagnosis as
retropharyngeal or peritonsillar abscess may
lead to incision with tragic results

Foramen
lacerum
of skull

Initial trauma may Subsequently, blood may

Subtraction angiogram of internal carotid artery cause rupture of dissect arterial wall
demonstrating aneurysm at base of skull following intima and part of causing compression of

bullet wound

media of artery lumen at higher level



AHEBpM3Ma B KaBEpPHO3HOM CUHYyCe

Internal
carotid a.

Cavernous sinus

Oculomotor (lll)
n. (divided)

Trochlear (IV) n.
Trigeminal (V) n.
Abducens (VI) n.

Oculomotor (lll)
n. (divided)

Posterior
communicating a.

Posterior
cerebral a.

Basilar a.

A. Intracavernous (infraclinoid)

internal carotid aneurysm compressing
abducens (VI) nerve. Oculomotor (lll),
trochlear (IV), and trigeminal (V)
nerves may also be affected. Trigeminal
involvement may cause facial pain




KnnHuUKa apTepuasnbHbiX aHEBPU3M

Clinical Manifestations of Congenital Aneurysm Rupture

Alteration in consciousness
(Loss may be partial or complet
transient or permanent)

Sudden, severe,
explosive headache

Ranges from disorientation to
deep coma. Fever, sweating, vomiting,
and tachycardia are also common

Diplopia and/or
photophobia
also common

Kernig's sign:
resistance to full
extension of leg
at knee when hip
is flexed

Signs of meningeal irritation

Brudzinski's sign:
flexion of both hips
and knees when neck
is passively flexed

Cerebrospinal fluid F

\

Three successive | Later, all 3 samples

g are xanthochromic
collected. Shortly £ (yellow) as a result
after or during 3 of hemoglobin
bleeding, all 3 release or bilirubin
samples frankly formation

bloody or orange

fluid samples E

Cerebrospinal fluid pressure
elevated (> 150 mm)

!
i

After traumatic tap,
fluid clears
progressively in
successive samples

g
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Ophthalmologic Manifestations of Cerebral Aneurysms

A. Neuromuscular disorders

Abducens palsy: Affected eye
turns medially. May be first

manifestation of intracavernous

carotid aneurysm. Pain above

eye or on side of face may be

secondary to trigeminal (V)
nerve involvement

Superior bitemporal
quadrantanopia caused by
supraclinoid carotid
aneurysm compressing optic
chiasm from below

Optic atrophy may develop
as a result of pressure

on the optic (II) nerve from
a supraclinoid carotid,
ophthalmic, or anterior
cerebral aneurysm

B. Visual field
disturbances

Papilledema may be caused
by increased intracranial
pressure secondary to
rupture of a cerebral
aneurysm

Oculomotor palsy: ptosis, eye turns laterally and inferiorly, pupil dilated. Common finding
with cerebral aneurysms, especially carotid — posterior communicating aneurysms

Inferior bitemporal
quadrantanopia caused by
compression of optic
chiasm from above

Right (or left) homonymous
hemianopia caused by
compression of optic tract.
Unilateral amaurosis may
occur if optic (Il) nerve

is compressed

Hemorrhage into optic (lI)
nerve sheath after rupture
of aneurysm may result
in subhyaloid hemorrhage
with blood around disc




AHEBpPM3Ma CyrnpakINHONAHOW YacTu
BCA

B. Aneurysm of supraclinoid portion of
internal carotid artery elevating optic
chiasm, distorting infundibulum, and
compressing oculomotor (I1l) nerve
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KapoTuaHble aHriMorpamMmbl

Carotid angiograms: venous phase

Lateral projection Frontal projection

Caudate v.

Ant. terminal Post. terminal (caudate) v. Sup. sagittal sinus

(caudate) v. Sup. anastomotic v. (of Trolard) Thalamostriate v. Straight sinus

Sup. sagittal sinus

Inf. sagittal sinus

Superficial
cortical vv.

Transverse sinus

Int. cerebral v.

Great cerebral v.
(of Galen)

Straight sinus

Ant. . i
septal v. Int. jugular v. Transverse sinus

Thalamostriate v. Inf. anastomotic v. (of Labbé)
Sup. choroidal v. Basal v. (of Rosenthal) Basal v. (of Rosenthal) Great cerebral v. (of Galen)

Int. jugular v. Int. cerebral v.




BepTebpoba3nnsgapHasa aHrmorpapus

Vertebrobasilar Angiography

R. post. cerebral a.
A. Percutaneous
infraclavicular
catheterization of Sup. cerebellar a.
subclavian artery )

L. post. cerebral a.

Basilar a.
Ant. inf. cerebellar a.

Post. inf. cerebellar a.

Inf. thyroid a.
Deep cervical a.

Subclavian a.

Three injections usually Internal
made: head to right, to thoracic a.
left, and in neutral position

B. Contrast medium Common
introduced into carotid a.
brachiocephalic trunk

through catheter in Subclavian a. Inf. thyroid a.
right subclavian artery

Vertebral a.

Catheter

Anterior-posterior view:

Origins of vertebral and Brachiocephalic
subclavian arteries A trunk

obscured by comm /

carotid artery Internal

thoracic a.

Common
carotid a. Vertebral a.

Subclavian a.
Catheter

Oblique view: Origins of
vertebral and subclavian
arteries not obscured by p
common carotid artery; Brachiocephalic
plaques at origins of trunk

vertebral and common

carotid arteries now

visualized

Atheromatous
plaques




AHEBPU3Mbl TPaBMaTUYECKOIo
NPONCXOXKAEHUS

Aneurysm of posterior parietal branch of right
middle cerebral artery exposed after evacuation
of a subdural hematoma

Compression fracture of skull at site of impact
may cause ‘“‘outbursting” at another location
with momentary herniation of a cortical vessel
into the secondary fracture line

Lateral internal carotid angiogram showing
aneurysm of pericallosal portion of anterior
cerebral artery

Right A-P angiogram revealing subdural
hematoma with underlying aneurysm

Cortical artery trapped and injured as bone
returns to normal position. Hair trapped
in primary fracture

Right pericallosal portion of anterior cerebral
artery traumatized by sharp edge of falx cerebri
during closed head injury

Traumatic Aneurysms of Meningeal Arteries

Lateral angiogram showing traumatic
aneurysm (curved arrow) at s of
978 oblique skull fracture (short

Bleeding aneurysm of parietal (posterior) branch
of middle meningeal artery exposed after
evacuation of overlying epidural hematoma

{ {
. \ A= ; 3 1
\ i »:%\/
RO ( Fistula betv
Common carotid subtraction angiogram of middle meningeal artery and vein.
showing “railroad track” sign indicating The feeding artery is gre. t
a meningeal arteriovenous fistula has aneurysmal dilatation at fistula site

en frontal (anterior) branch

(anterior) branch of middle meningeal
and diploic veins at site of a skull fracture




AHeBpu3Ma NMA




AHeBpu3Ma oPTaSIbMUYECKOro
cerMeHTa npasou BCA




AHeBpu3sma [NMA




AHeBpu3Ma 3MA




MHO)XEeCTBEHHbIE aHEBPU3MbI (aHeBpu3Ma 1eBOK
3a]HEN COeAMHUTENBHOWN apTEPUM U aHEBPU3MA Pa3BUIIKU
cermeHTa M1 neson CMA).




MHoXecTBeHHble aHeBpu3Mbl (CKTA)
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AHEBPM3Ma MO3BOHOYHOW apTEPUM




CybaypasrnbHasi rematoMa




CybaypanbHasa rematoma bl




BHYTpMMO3roBas reMaToMa




[eMopparn4yeckmm MHCYbT C
NoAOCTPOV BHYTPMMO3rOBOW
reMaToMOou




[loaoCcTpasd BHYTPUMO3roBad reMaToMa

® 4-ble CYTKN UHCY/bTa.

Coaep>XMMoe reMaToMbl MPEUMYLLECTBEHHO HA CTaAuM
NE30KCMreMorioburHa. MNMosiBneHne cBA3aHHOro
METreMornobnHa B MeamasnbHbIX OTAENAX FrEMATOMbI.




[POHNYEeCcKasd BHYTPMMO3roBasd remMaToMa

[emaToMa 061acTi NpaBoOV HAapPY>XHOW Karncy/bl Ha CTaauu
cBoboaHOro MetremornobmHa ¢ 0604KoM reMmocmaeposa o
nepudepun (5 Hepenb nocrie OHMK)




ApTepuasibHble aHeBPU3MbI

e AHeBpu3Ma neson CMA CAK

N
AHEBPU3MA

CYBAPAXHOUJIAJIBHASA TEMOPPAT A



e AHEBPU3Ma O TasIbMUYECKOr0 CEerMeHTa
npason BCA




MHOXeCTBEHHbIE aHEBPU3MbI

e AHEBpM3Ma JIEBOM 3aJHEN COEANHUTENBHOW apTeEpUn U
aHeBpu3Ma pa3Bunkm cermeHta M1 neson CMA




[ MraHTckasa aHeBpu3Ma BCA




[ MraHTckasd aHeBpm3ma BCA

e AptepuanbHaa MPA 3D TOF

Cnabas BM3yanv3aums aHeBPU3Mbl BCIIEACTBUE
MEAJIEHHOrO TOKa KpOBMU




[ MraHTckaa aHeBpuaMa BCA

e BeHo3Had carmttanbHad MPA 2 D TOF

HaTtuBHble n306pakeHus

MUT1-peKOHCTPYKLMNS




AHeBpun3Mbl BCA

1.0T GEMSMRO1

Ex 13917 ‘
PJN

Se: 328/8 J

Im: 1/9 R 4 %,

Cor P113 Dtat;'l.l"l. 13.0 dEgo

)

512 %512




XUpYprms aHeBpwu3M

Frontotemporal Approach for Anteriorly Projecting
Aneurysm of Basilar Artery Bifurcation

Head turned slightly more than for
approach to anterior circulation

Skin incision (black)
Bur holes and bone cuts (red)

R. temporal lobe
(retracted)

R. oculomotor
(1 n.

: Basilar a.
R. internal

carotid a. ‘ e e R. superior
S cerebellar a.

R. ophthalmic a. 3 . Lateral
’ cerebral sulcus

R. anterior

R. posterior
cerebral a. P

cerebral a.

R. optic (Il) n: - - b = by : R. posterior
B v . communicating a.

R. frontal lobe < ] = Aneurysm

(retracted)
R. middle

cerebral a.




XUPYprusa aHeEBPU3M

Aneurysm Clips

Yasargil clip positioned
with Yasargil applicator
on anterior communicating
aneurysm. Perforating
branches avoided
(mandatory in all cases)

Heifetz a
used for
accessible

Heifetz
encompassing
clip applied

Basilar artery

Oculomotor
I1l) nerve

Sundt encircling clip used to
occlude aneurysm neck on opposite
side of vessel

Posterior
cerebral
artery

Drake clip encircling posterior
cerebral artery to occlude neck of 7 Posterior
basilar bifurcation aneurysm - communicating artery




X1pyprus aHeBpm3M 6a3nnsgpHon aptepmm

Temporal Approach for Basilar
Trunk or Posteriorly Directed
Basilar Apex Aneurysm

Head turned
laterally

Skin incision (black)
Bur holes and bone cuts (red) Lateral
Additional bone removed (red cerebral sulcus

shaded area) Temporal lobe

Basilar a, \ Tentorium (divided)

R. trochlear (IV) n.
R. trigeminal (v) n.
R. oculomotor () n.

Posterior clinoid process

Middle fossa \

R. internal
carotid a.

R. ophthalmic a,
R. optic (II) n.

R. anterior Cerebellum

cerebral a.

T

R. middle
cerebral a. R. superior

cerebellar a.

i

R. posterior &
communicating a.”
i

Temporal lobe . h Aneurysm
(elevated) S

R. posterior
cerebral a.




TexHnKa Xupyprmm aHeBpu3Mm

Other Aneurysm Surgery Techniques

Ligature passed
around neck
of aneurysm

Aneurysm complex not amenable
to clipping or to ligatu

encased in tissue adhesive

or plastic

Aneurysm complex wrapped in fine mesh
gauze. Tissue adhesive or plastic added

Temporary clips applied. Aneurysm wall Aneurysm stump Suture completed;
Laminated thrombus excised after sutured clips removed
removed from partially removal of

thrombosed sac thrombus




DOPOHTO-TEMMNOPASbHbIA AOCTYM B XMPYPrnn aHEBPU3M

Frontotemporal Approach for
Internal Carotid, Ophthalmic,
Anterior Communicating, and
Anterior and Middle Cerebral
Aneurysms

Skin incision (black)
Bur holes and bone cuts (red)

Frontal lobe

Operating
microscope

Aneurysm

. internal carotid a.\

. ophthalmic a.

. anterior cerebral a.
Optic chiasm
L. ophthalmic a:
L. internal carotid a!

L. anterior cerebral a.

Aneurysm/

/

: /
Anterior communicating a’

R. recurrent a. (of Heubner)

Olfactory tract

ining
retractor

Lateral
cerebral
sulcus

R. temporal
lobe (retracted)

Oculomotor
(1) n.

R. middle
cerebral a.

Aneurysm

Lateral
cerebral
sulcus

Vital
perforating
branches

R. frontal lobe (retracted)



TpaBMbl KaBEpHO3HOM U MUPAMUAHOM YaCTH

Traumatic Aneurysms of Petrous and Cavernous Portions of Internal Carotid Artery

Ophthalmic artery

Aneurysm in cavernous sinus
may erode into sphenoid sinus and
cause repeated epistaxis

Aneurysm eroding into middle
ear may lead to bleeding
from external meatus

Ophthalmic Cavernous
Epistaxis (may be veins sinus
exsanguinating
if it occurs repeatedly)

Optic chiasm
Pituitary gland
Oculomotor (Ill) nerve
Trochlear (IV) nerve
Internal carotid artery
Ophthalmic nerve
Abducens (VI) nerve
Cavernous sinus
Maxillary nerve

Nasal cavity

Aneurysm
eroding into
sphenoid sinus

Blood-air level
Openings to nasal cavities

Coronal section (posterior view) showing
carotid aneurysm eroding into sphenoid
sinus and air-fluid level seen often in
brow-up lateral skull x-ray in fractures
of sphenoid sinus

Internal carotid angiogram demonstrating aneurysm
of petrous-cavernous segment of the artery

BCA
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