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¢ Annually there are more than 7 million cases
of strokes registered all over the world

¢ 4,6 million of people die each year, that is 9-
12% from all death rate (WHO)

¢ Cerebrovascular disease is the most common life
threatening neurological event in the U.S.
Intracranial atherosclerosis is responsible for
approximately 40,000 of these attacks per year,
representing 10% of all ischemic strokes

¢ During the last 15 years cerebrovascular
pathology among the people able to work has
grown almost twice and to 2025 year the
cerebro-vascular diseases rate will be increased
on 30%



¢ Stroke is the third leading cause of death in the United States. Of the
more than 700,000 people affected every year, about 500,000 of these are
first attacks, and 200,000 are recurrent. About 25% of people who recover
from their first stroke will have another stroke within five years

0 Stroke is a leading cause of serious long-term disability, with an
estimated 5.4 million stroke survivors currently alive today. The American
Heart Association estimates that in 2003, stroke cost about $51.2 billion in
both direct and indirect costs in the United States alone

¢ The most recent prevalence statistics from the American Heart
Association estimate that 5,400,000 people have experienced stroke

0 Every year, an estimated 30,000 people in the U.S. experience a
ruptured cerebral aneurysm and as many as 6% may have an unruptured
aneurysm

¢ Arteriovenous malformations (AVMs) are present in about 1% of the
general population. The risk of hemorrhage from an AVM is 4% percent
per year with a 15% chance of stroke or death with each hemorrhage



Features of cerebral blood flow

Ocerebral circulation regulates metabolic activity of
brain tissue

Obrain practically does not keep reserves of oxygen
Obrain mass of approx 1400 gr. (2% of body’s); it
consumes approximately 20% of all oxygen and

17% of all glucose which incomes the organism

¢ total area of brain capillaries in adult ~ 12 m?, total
length is about 650 km



N sl N Anatomy-topographical
y;?{/ el features of cerebral vessels
A~ | Cerebral arteries and their
branches are formed by
two systems, on which
blood flows into cerebrum:
—n| & arterial system on the

convex of the brain
o arteries inside the brain
of both systems

The vascular system of
brainstem is presented by
arteries, which depart from
the vessels of brain basis
and has plenty of
anastomosis
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Arterial Circulation of the Brain, Including Carotid Arteries

Anterior
Cerebral Artery
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3h after occlusion 20h after occlusion
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Ultrasonography with a full-duplex scan-
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ngiography, digital angiography, 3D-
CT-angiography
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Intracerebral hemorrhage (ICH)
Hemorrhage
< Subarachnoid hemorrhage (SAH)

Stroke Large artery extracranial &

< intracranial occlusive disease
hrombosis”
“Frrambges Small penetrating artery disease

Heart
Intra-arterial
Ischemia Embolism Rk

Paradoxical

Systemic hypotension



EMBOLIC - An Ischemia Stroke that occurs -
when an undissolved Solid, Liquid, or Gas ISChemI
embolus blocks a cerebral artery ¢ Stroke

Usually occurs suddenly

Most common are clots that arise from diseased blood vessels in the neck or from
abnormally contracting chambers in the heart - i.e. Atrial Fibrillation. Can also be
an Air Embolus.

May show less/more subtle deficits
May be more sudden
Patient may stutter as more emboli are thrown

THROMBOTIC - A blood clot that gradually develops in
and obstructs cerebral artery

Over time plaque deposits form on the inner walls of arteries (Atherosclerosis)

Once the arteries are narrowed, platelets adhere to the rough surfaces and blood
clots form blocking the blood flow through a cerebral artery

Develops gradually - usually at night, the person awakes with altered mental status,
and/or loss of speech, sensory, or motor function



Tyge*; of Stroke

=™ . Hemorrhagic SERY.2 % Ischemic

Stroke —_— Stroke

Blood clots stop the

Blood leaks into flow of blood into brain tissue

brain tissue

l

®Mayo Foundation for Medical Education and Research. Al rights reserved.



Two Types of Stroke

3 Ischemic
s &8 (Occlusive)

Optic Nerve CT Autopcy

Hemorrhagic
(Bleeding)

18



Stroke and mini-stroke

Transient ischemic attacks — TIAs, or mini-strokes — resuft when These symptoms appear and last

a cerebral artery Is temporarily blocked, decreasing blood flow less than 24 hours before

to the brain. Many strokes result from a complete blockage of ) ) )

a cerebral artery, leading to death of brain cells and permanent d|sappear|ng. While TIASs gen erally

loss of certain functions. .

TIA Stroke do not cause permanent brain

Artery tempararily blocked Artery completely blocked damage, they are a serious warning
sign that a stroke may happen in
the future

Transient Ischemic Attack

Area of temporarily

blocked blood flow

Blood clot
in the middle
cerebral /
artery

Blockage in the internal
carotid artery




¢ A Stroke th!\%gggsrg‘vs e§tar9é!<e ral artery is

blocked by a clot or other foreign matter

¢ Accounts for approximately 85% of all strokes
¢ Follows the same pattern as a heart attack

¢ Causing
injury,
ischemia, and
finally
infarction
(tissue death)




Ischemic Stroke

Most common cause:
thromboembolism

Possible sources of clot:
¢ Heart

¢ Large artery (to brain)
¢ Small artery (in brain)

Atrial fibrillation
in the loft atrium

Infarction Collateral Flov
— Thrombus (o)

-\_‘ .
.

Penumbra

Thrombus




Collateral blood flow
sc—~s from the Anterior Cerobral

There are two types of
Ischemic Stroke:

| 0 Embolic (Embolus)

NG Gl O Thrombotic
e e (Thrombosis)

b Collateral blood flow

Postarior Corobral  trom the Posterior
artery branch ~ Cerebral artery

Thrombotic Stroke Embolic Stroke

area deprived

of blo area deprived

of blood

Fatty plaque or
blood clot
(embolism) breaks
away and flows to
brain where it
blocks an artery.

Blood clot (thrombus)
blocks flow of blood
in brain.



Alternative -
Symptoms diagnosis Appropriate
consistent with e alternative
acute TIA therapy
TIA diagnosis
* Keep head of bed flat
* Administer normal saline bolus and infusion
* Monitor neurologic status closely
* Acutely withhold antihy pertensives
Allergic
Aspirin to aspirin Clopidogrel
325 mg/day |-~ """" 300 mg x 1 dose.
then 75 mg/day

Rapid
diagnostic
evaluation

.2

v

v

v

Arterial
dissection

Cardicembolism

Large-vessel
atherosclerosis
with > 50%
stenosis

Cryptogenic

L 2

L 2

v

Start warfarin
(if no contraindications)
or intravenous UFH or

Start oral anticoagulant
(if no contraindications)
or intravenous UFH or

e Start intravenous UFH or

LMWH or continue aspirin

* Perform early carotid

LMWH until INR 2-3 LMWH or continue endarterectomy
aspirin until INR 2-3 (< 2 weeks) if cervical
ICA disease

v v

® Start aspirin 25 mg-dipyridamole ER 200 mg twice/day
or clopidogrel 75 mg/day

* If patient is considered to be low risk or financial
resources are limited, start aspirin 81 mg/day

h 4 Y

* Start simvastatin 40 mg/day or atorvastatin
10-80 mg/day

* Start antihypertensive therapy

*® Control for risk factors
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Infarction in the middle cerebellar artery territory




Extra-Intracranial Bypass

Extracranial-intracranial bypass {intraoperative view)

artery

Internal carotid
" artery
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The methods of Carotid Artery Stenting
surgical treatment

Carotid endarterectomy is
surgery to remove atheroma
(plaque build up) that causes
narrowing (stenosis) in the
artery to lower the risk for LAY B . |
future TIA and stroke [y == W - 5

| il Stent being placed /s
I : within fie plaque of the | ¥y

Normal
blood flow
restored

Internal
carotid
artery

Incision
stitched

) Incision (cut)
in artery wall

Plaque
removed

Common




Endovascular angioplasty and stenting
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Safety of Mechanical —— W
Thrombectomy and N e
Intravenous Tissue A

Plasminogen Activator in 7/ ﬁ

Acute Ischemic Stroke




Hemorrhagic stroke

¢ Categorized as being a bleed within
the brain (intracerebral) or in the space
around the brain (subarachnoid)

O Onset is often sudden and marked by
a severe headache

¢ Fatal in 50% to 80% of cases

¢ Most hemorrhages occur in
hypertensive patients when a small
vessel within the brain tissue ruptures
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= RN Intracerebral
2N ¥ Hemorrhage

Most common cause:
¢ Chronic
hypertension

® Other causes:
3 o Vessel
malformation

¢ Tumor, bleeding
abnormalitie




Subarachnoid
Hemorrhage

Most common cause:
¢ Aneurysm rupture

Other causes:

¢ Vessel
malformation

¢ Tumor, bleeding
abnormalities




Typical
localisation for
hematomas:

A-Subcortical
B-Putamenal
C-Thalamic

D-Pontine
E-Cerebellar




Putamenal hemorrhage
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Cerebellar

39




Brainstem
hemorrhage
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ITESL IS -
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sz, j Intracerebral
~ W\ ' hematoma
e A8 because of right
occipital lobe
AVM rupture
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'Hemorrhage
Into metastasis
of prostatic
cancer
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http://forens-gallery.ru/uploads/Pathology/InsHaemor3110/002ins_haemor.jpg

SUBARACHNOID
HEMORRHAGE




Subarachnoid
hemorrhage

SP:-151.5mm
ST: 5.0mm
C35

W70

SUBARACHNOID
HEMORRHAGE

Subarachnoid hemorrhage

Normal brain (front view)



Hunt & Hess Stroke Scale

For non-traumatic subarachnoid hemorrhage
patients

DESCRIPTION GRADE

Asymptomatic, mild headache, slight nuchal rigidity 1
Moderate to severe headache, nuchal rigidity,

no neurologic deficit other than cranial nerve palsy 2
Drowsiness / confusion, mild focal neurologic deficit 3
Stupor, moderate-severe hemiparesis 2

Coma, decerebrate posturing 5

46



Hospital care

= Critical time periods (arrival at the hospital)
= Immediate general assessment - 10 min
» Immediately neuro assessment - 25 min
= Acquisition of a head CT - 25 min
» Interpretation of CT scan - 45 min

= Administration of IV fibrinolytics - 60 min
if no bleed

= Administration of IV fibrinolytics - 3
hours from time of onset

= Administration of Interarterial
fibrinolytics - 6 hours from time of onset

= Admission to a monitored bed - 3 hours

47



Aneurysms

Classification
Saccular Aneurysm Fusiform Aneurysm morphology.
1. Saccular (berry)
</ 2. Fusiform

3. Dissecting

Ruptured Aneursym




Posterior
/~ cerebral artery

Posterior
communicating
~ artery

artery

Middle cerebral

hlntcmafcarotnd 4

Parenchyma

L,

v Subarachnoid
space

e Anterior...
cerebral ancq

Ruptured
aneurysm

/' Blood in
. subarachnoid

E ' Collapsed
‘ aneurysm

SIPE skull base ™
~ . removed

Brain Aneurysm

Ruptured
aneursym

Circle of
Willis

Fusiform
aneursym

Saccular
aneursym

Bottom view of brain
and major arteries
of the brain




Treatment

Concern is rebleed and treatment of
vasospasm
e Surgical clipping vs. coiling
e Vasospasm:
*HHH therapy
Angioplasty
Peak day 7-10 (3-21)



Surgical Clipping
of Aneurysm

"%







Surgery
cerebral
aneurysm



cerebral

aneurysm



: 7' surgery

| cerebral
| L aneurysm
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Surgical Clipping ofAneurysm

Pre-op LICA AP - Pre-op LICA Lat




Surgical
Clipping of
Aneurysm



endovascular
technigue




Detachable platinum coil







Coiling principle







Coiling of Aneurysm

Aneurysm

Aneurysm after coiling




Multiple saccular AA of
basilar artery bifurcation

e i ¢




Tumiing off the saccular aneurysm of the basilar
artery blood flow with platinum coils
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er surgery,
aneurysm from
blood flow
detachable
coils
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Meworyaras aHeBpusmMa
\ CYNPARNAANHOANLNHOro oTnens
BHYTDEHHEV COHHOV
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embolization
of the left

artery
JHICEUMNE
aneurysm




Saccular aneurysm
of the posterior
cerebral aprepum

c/ieBd




CT-angiography saccular aneurysm
segment M1-M2 left MCA




Selective
angiography of
' saccular aneurysm
) of theM1-M2
segment of the left
: MCA




ondition after
total saccular
aneurysm
embolization M1-

M2 segment left
N A



Carotid cavernous fistula

Ophthalmic artery =

Superior ophthalmic veinM
- = il ' ’ "

.

Capsular artery

Inferior cavernous sinus artery

[ Meningohypophyseal trunk
RN

PR =T e
IS A .

Internal carotid artery



Carotid Cavernous Fistula
Normal Anatomy & Blood Flow

Superior opthalmic v

Opthalmic a.

o Carotid cavernous sinus
Superior petrosal sinus

Transyerse sinus
Inferior petrosal sinus

Internal carotid a. igmoid sinus

_ Fistula Anatomy & Blood Flow
enlarged)






KapoTuaHo-xasepHO3HOe coycTbe

d.cavernous fistula treatment

Internal carotid artery
l Cavernous sinus
Oculomotor nerve—g

Ophthalinic nerve
Abducent nerve
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Carotid cavernous fistula
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Carotid cavernous fistula
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Arteriovenous
Malformations (AVM)

An abnormal collection of blood
vessels wherein arterial blood
flows directly into draining
veins

without brain parenchyma in




ABM npasov TeMeHHOW Oonn
MPT pexum T1 MPT pexum T2
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Bapuantsr ABM

A) AptepuanbHas

B) AptepnoBeHo3Hasn oucTtynesHas

C) ApTepuoBeHo3Hana pauemo3Has (75%)

D) ApTepnoBeHO3HaaA MUKpomarnbdopmauusa
E) AptepnoBeHo3sHasa kaBepHo3Has (11%)

F) TeneaHrnoakrasusa

G) BeHo3Hasn
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Cerebral Cavernous Malformation

(Cortex)
: e Frontal lobe
* Corpus callosum . .
Internal capsule /\ if
Lateralventiicle e WA
», ,‘ " 2 ;"-\ 2 h -
Occipital lobes s Globus pallidus
\.‘. e~ — mmeﬂ
g |
\ 7 f} f/ A Cavernous malformation in the

right frontal lobe
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. mporal lobe




Arteriovenous Malformation

Superficial cerebral vv.

Superior sagittal sinus

/’.w,r:r.’.‘rlai ‘middle cerebral v.
’ Anterior cerabral a.
Middlecerebral a.
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Cerebral Cavernous Malformation
(Brainstem)

Cavernous malformation in the
pontomedullary juncation

Ui ol
\M\ » “‘l i O‘lz

Posteromedian medullary v. : ‘

|

ma /

Vertebral a.



Developmental Venous Anomaly

Superior sagittal sinus

V. of Trolard

" Superior horn of
lateral ventricle

: ) : . Superficiatmiddle
V. of Labbé \ v cerebral v.

Transverse sinus

Sigmoid sinus






Localization AVM

Frontal Parietal

Temporal

Cerebellum




JHA0BACKYNAPHOE BbIKAIOYEHMUE
apTepuoBeHO3HbIX Manbdpopmaunii
COCYAl0B rOI0BHOIO MO3ra C
ncnonb3oBanem Knea ans
aptepmuanbHbix cocyaos MNBA (nonu-
BMHUI-aNKOroNb Konoaumep)



Surgery AVM







Endovascular
embolization AVM

Catheter in
Carotid Artery
targeting AVM
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6accenHa rnpaBov Hapy>XHOW COHHOW apTepum







KnuHnyeckun npumep:. onepauus npu ABM
TeMeHHOU gonu

NepBu4yHaa aHrnorpadcdua llonHaa okkno3na ABM




ABM mo3onuctoro tena cnpasa Ao amoonusauuu
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CnuHanbHble ManbdopMaLmn

Enlarged Vertebrae ' h Ak
| V. I (cut open to see b 4 S Abnqrmal, Iargg
‘ " S s spinal cord) == o arteries and veins
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