
CNS lecture 2 

Cerebrovascular disease 

DR H Awad 

Cerebrovascular diseases 
____,) a_\-\e_c\- Ulf~'\<J b~acl \Je.s~~~ 

-a major cause of death . o-1\.Q_ o~ --\W._ . 3 iY\cJ() ~C!LlhM . 
< t> r- deu~ \._)Jor\d w,J~ ( u;~ 

-most common cause@)neurologic morbidity. C\JD~ 
. -::::: q. 

-mechanisms: thrombi Can~ 
~ 

emboli 

vascular rupture ~ MMcrYh~ 

~ clinical term applies to all three when 

symptoms are acute. 
'l/ SJ~~MS 

S \ld de<\\) occur --;) d.u.cL ~ G.K\j 



• Thrombi and emboli.. Occlusion .. Ischemic 
damage ·i~ ~"ve)k.rs\\o\R ~ \(\~c_\~-on 

• Vessel rupture: hemorrhage. 

{\~~~ " Hypoxia and ischemia 
~'(\"~ j \::; {Oz._~ \o ~ -tt ~a~..n""cl <5'-'fr~ 

tL:c.P \ ~ ~-e_ ~Sa ~0 
Oz_© • Brain is highly oxygen dependent. ~'"-l..-h-le.n..y-"L, 

C\\u...LP~ • _.....____ ~ s ~e~c_ 
J Brain 2% of body weight but receives~~ ' .... 

cardic output ~ UD'f\tlf\uo~ blood s~p~ ~ ~u._~~ 
~ 'PV'cpDv-h 

• 20% of total body oxygen consumption. .~~:~ 
~·o~ 

• Autoregulation of vascular resistance allows Lv~~t 

stability of cerebral blood flow over a wide 
range of blood pressures and intracranial 
pressure. l\A>-s. c.iJ.JJws ~ \o-r-a.ln to 

~\-- vJY\._if ~y- f\ee.ds ( ~ft~'raJtlr 
b load ~v0) ----7 oJv dA ~ Weflr lo ~CJd 
pte6S'--tKeJJ ( wJ.UAn Q_ \A~, r) 



Autoregulation of Cerebral Blood Flow 
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Brain hypoxia 
()_ ~{ffiS ~ 

• Fu nctiona I hypoxia. 

• ischemic hypoxia 

CD Functional hypoxia 
----? N~<\- \s.c_~c_ ~pox~a 

G • Low partial pressure of oxygen: high altitude 

6 • Impaired oxygen carrying capacity: anaemia 

and CO poisoning 

C • Decreased oxygen use by tissues: cyanide 

p 0 is 0 n in g ( 0 2- ~~ ~ \ cJo \g__ \? vJr Co-x\\'U. ~ b«._ ~~c:tJ 



® Ischemic hypoxia r ~ ~ - \Y-b · P -
U'-V'~ ~s 

Q ~ b~~ \to 
• H o- erfusion due tq hypotension or E> ~""' ~ 
b vascular obstruction ( ~ b~aJ su.pr~ 

• Ischemia can be global or focal ·- 2 
Cl\\ 
bvo.ln 

~ Global cerebral ischemia 
--7 Pfu 'D~ --, n Vo..D <..u_\~\-u!f~ v \-- ~ -re_ k:tt~"' 

• Occurs due to severe hypotension, systolic 
below550mm Hg. 

(], 0 '(\{\_ M. \-\ ~ 
\ • Cardiac arrest 

'L• Shock 

3• Severe hypotension 

• Outcome depends on severity and duration of 
~ ~ 

insult ~s, ~ ~cls on 4-J~ c,(:.-
r ~ al • ( " -A- ~ r \D \ ,\ 



Global ischemia 

• Neurons more susce tible to hypoxic injury 
than glial cells. ~ (\~\AX\)~ ~,nj\.A)(eo \oe ~,..-e_ 

• Most susceptible neurons: mamidal cells of 
hippocampus and neocortex(£7~urkinje cells 
of the cerebellum 

ischemia 

• If mild: transient confessional state 

• severe : neural death, if survive: severely 
~ 

impaired neurologically 

• Severest forms result in brain death. 

ex• ~\-Q_\ ~~~ ('ryjpox_ta /lsdvuW~wr,",--,_j 
ckft v~ )--------? 't Y- oc_ UA.K .s fo v-
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Brain death > cL9_a+h D~ 
~ \.tffi Qf).S 

• Diffuse cortical injury~flat EEG ( isoelectric ~t ~ 
lli) cx-\\€_y \ C-\ 

• Brain stem damage:~ and QQ 

respiration -------
• If on mechanical support: autolysis of brain= 

respirator brain ( ~a..\\eJ\\r on YV)pll'o..hrs 

CV\cl ~ s 6 -t ai n De UJ{\1\_Qjj 

0-U t-o \j +1 c_) 

-* Morphology of reversible global 
ischemia 

• Swelling ~ \;<~\- M<.\X\i~'f~~"" o~ fe).le.Y~'tb~ '-Q_ ll 
\AJU-JVj clu.JL ~ ~ C~ 

• Wide gyri 

Narrow sulci 

• Poor grey-white matter demarcation 

~ dvu.R_ 1o .~~ ~ +- ~CA. 



~ JnfarctiorJ/ irreversible ischemia 
co; c\e_o__~ d'-U_ ~ ·-\S~a, 

• Early changes 

• Subacute changes 
. 

• repa1r 

~ ~'(clin 
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t\€CfbSlS 
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Early changes ) -\-\ssl.U_ v\tn 
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efA\J~ c__M__~_) ~ (:)~'j N{'l~h of\a.l l.o~ 
,.tf }' • 12-24 hours after msult ~ ev'l~«t. D~ [C\~cuc\-\un Jee.n 

~ \ • Acute neuronal cell damage= red neurons= 
0 micro-vaculations followed b z_ ytoplasmic 

~ ~ eosinophilia then~yknosis and karyorrhexis 
LoS.~ • ~-A - ~ ~ 

~.&,~wv". Similar changes l~r on glial cells l~~.<~l 

J,, • Then: neutrophilic infiltrate. 
o~Y\\ 
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Red neurones 

Red neurones 
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Subacute change 

• 24 hours to 2 weeks 
· (- , ,._ r t\v \..------? l-oss 6~ ef\r\-lv-e_ ·~ ss ~ 

• N e c ro s 1 s t' 7 LJ._Q ru-e <0 ---:'> c o...r1Jt.-<> .,._ !:>~ repl a.QJ) 

• Macrophages ) rhou D~to~·u a r- c.kod -h~ .s UJl 

Vascular proliferation(dl~\o~s) ~ 

Reactive gliosis Cjst\ c. spaut 
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• repa1r 

• After 2 weeks ~ be_c.n(Y\.Q)) ~\den\--

• Removal of necrotic tissue ( p\\.c~~~jC)'t'J~~\~ 

• Gliosis 

• ~?J_Of organised CNS structure 

~~§-laminar necrosisDuneve~ neuronal 

( loss and gliosis in neocortex llM't a\\ 
f\a\- o.u_ ~ o. fkc\-e-d 

ClJre_Clll ~LlQl~ w~·~ 
(t r Fec\-e_c\ 's~~~ 
'-AI\~~~ / (f'Zona 1("of1 '' 

( o.k -oP-- Tl 

\~~ 
• repa1r 

• Astrocytes are the main cells responsible for 
repair and scar formation (gliosis) . 

• Injury .. Causes 1. hypertrophy and hyperplasia in 
·astrocytes. --7 1\' s~ 7.J<_ ""\-- (\u.f'v\ ~e.r 

()A_~ r"J 2. enlarged nuclei 

a<) ~CCJ~ 3. prominent nucleoli. 
·to 1'3U~ 
~ ss..\....LQ_ + 4. increased pink cytoplasm. 
~~pD<h~ 
-\-t s,s,WL 5. increased, ramifying processes 

These changes in astrocytes: gemistocytic astrocyte. 
CJL~ ~I) 

A-t<:..o ~Q.E:X\ \ f\ h(\;\A)..r_ ~ u U ~ 



gemistocytes 

• =Watershed infarcts 

• Wedge shaped areas of infarction 

• Border between anterior and middle cerebral 
artery territories is most vu I nera ble --7 URUL. 

V~c.ul QYZ~ 



-* Focal cerebral ischemia 

• Focal occlusion of a vessel. ----="}~~~ ~~..e£. ~ 
• Occlusion: thrombi or emboli 

• Size, location and shape of infarct depend on the 
vessel occluded and can be modified by c~l 
blood flow. ____, ~ u.A\\ ~~ llis d,uJL ~ coltct~ ------
Collateral flow in circle of Willis and cortico-~0~- _,-: ~~(MP leptomeningeal anastomoses can limit damage 

J • Little collaterals in :thalamus, bC!?al ganglia, and 
de:p white matter. ---) ~ere do.Kn~ ~l.n_u__ 

~e a..re ((A) cnlla~ 
h Ub~Cl k t () C£li.).Q, 

D ~ q:c_Lvvalo() 0~ v~~( 

• More common than thrombotic infarcts 

• Source: 1. ~ardiac mural thrombi, arise due to 
myocardial dysfunction, valvular disease, and 
atrial fibrillation 

• 2. arterial atheroma in carotid arteries or 
- ' 

aortic arch (ofik.ftal ~~' ~ coJi\ dJs~~~ 
~ 

• 3. venous thrombi crossing to arterial 
circulation through cardiac defects= 
paradoxical embolism .. DVT, fat emboli 

~{\1\ ~ 
/ ~lr- 'll \nC-r.-



~'ae:>\:A. \.) s.u._a.~lj 6to\) w~ 
\] e.b ~ OJ('~ yt QXI(b~ c_ \'C\ru {\ \) 
~ '-o\kcahon ,.._ b~~~) 

• Most common site of embolic occlusion : 
middle cerebral artery, a direct extension of 
the internal carotid. 

• Emboli lodge where vessels branch or in 
stenotic areas caused by atherosclerosis 

~Thrombotic occlusions 
~ \N \\-\0-" v~ ~ .s'-'fplj'~ 6v "'-' (\ \1 ~ '-<.Q_ 

Common sites: 

1. Carotid bifurcation 

2. Origin of middle cerebral artery 

3. Ends of basilar artery Cuppu ov Cower efldJ) 



infarCtS ·"7vJ._\\,\ oC~ 
-\ ~ -t \--- \ y c e.JJerl\ 'o (Q_ ; 0J V\/__j 

(SeJ.iexe occ_lvvo'lo'() lo..o\1~ 

• Haemorrhagic §P non haemorrha ic ~r c6 
• Non haemorrhagic : due to acute vascular +>~n..tJ 

occlusion .. Treat with thrombolytic therapy 

• Haemorrhagic: due to reperfusion through 
~ 

col laterals or after dissolution of emboli. 

-* \JexJ ~"r"'ko.A\r -\<> &:ct\(\3W...s In 
b~\-u.leen \o~ ~~ ~ ~e ~ 

f"~D~<J~co.l 6\-u-dt-ef} CeK~ MRI) 
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• Morphology/ non-hemorrhagic 
~S.'S 

• First macroscopic changes need more than 6 
hours to develop. 

• By 48 hours: pale, soft swollen area. 

• Day 2-10: gelatinous and friable. 

• Day 10 to week 3: liquefaction ending in a 
fluid filled cavity. 

Morphology/ nonhemorrhagic 
f\!\A CJ{D s L.(::)e \ c 
= 

• After 12 hours: red neurons+ edema 

• Up to 48 hours: neutrophils 

• 2-3 weeks: macrophages, gemistocytic 
astrocytes. 

• Months: gemistocytes regress, cavity persists 
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Old infarct 

eovVl~ uJ;-1-h NJ-\-Zu "y 
fv\sl dJ, -----:3 VLo ~ti~n 

hemorrhagic infarct 

• Same as non hemorrhagic but with blood 
extravasation. 



Other cerebrovascular diseases 

• Intracranial hemorrhage 

• Hypertensive cerebrovascular disease 

• vasculitis 

Hypertensive cerebrovascular disease 
t-\j~~&l-vf\ ~ ~\\\ aft€.c\- lor~~ ~wad v~~ 

• Hyaline arteriolar sclerosis. 

~. Weak arteioles, so .. Can rupture. ~~'{<""-~ 

• Minute aneur sms can form (Charcot­
Bouchard microaneurysms)----7 ~ vVJ~ = OJ(<c_ <..AJe.Qk 



Hypertension/ effects 
~ \1~ ~~""' 'o.p ~ ~~""~u.l ctS~V) 

f7\ ~ ~ ·fG c_h ' 
0• Massive intracranial hemorrha~ 1\ A\ ~~Lo~ 

~~e.«- ~ 1 o ad 
<D· Lacunar infarcts. ~ &~~ Jlovv 
~. Rupture of small penetrating vessels 

@• Acute hypertensive encephalopathy 

CD Massive intracranial hemorrhage 

• Will be discussed in the next lecture! 



® Lacunar infarcts 
~S~a..ll v~~ v-~-\-cure_, ~ c:lu.Q_, f-o tt-TN , _ 
. ~C\.~~c_h~ a ~~alA e.-rea ~'{'(\J.ru~ b 

• Small infarcts, mostly in deep grey matter ( 'I\ cln~ 
basal ganglia and thalamus), internal capsule, 
deep white matter and pons. 

CCU\ h_c:ure ~a va 

e r+e.cJ-~ e)f~ ~ ~ ·-, \.-

-
' s ve..r0 fVV.IIV\ 'fY\ oJ 

( eJ;C: ln (~p l'<ctt>v::J 
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Lacunar infarct 
~;, YYU\UYn_a_{ 



® Vessel rupture 

~ Small penetrating vessels may rupture. 

• Cause small hemorrhages. 

@) Acute hypertensive encephalopathy 

• Happen with sudden sustained ~ of~ 
more t h a n 13 0. V E{j S.e1! ere.., tfl \v ------------

~Joe\ jt Increased intracranial pressure~~ 
~JJ cerebral dysfunction ( ~e, c~n~n, ~ 

(vo_miting, convulsion, or coma) 
fv"1.)ec\-t1i.)2 ~ .__--

• Rapid intervention to decrease intracranial 

pressure is essential. 

f ~Jec~ LL Vb~t\~ rn.W) l-- be 

+alLen SQft~Olk> ~ (€.1f-- 1._n c)M kLrcr0 



~vasculitis 

. . . ,---7 vve a.J,u.x- vJ al' o ~ 
Infectious artent1s: VQ~ . --3 (~-\-ux-e.. 

• previously seen with syphilis and ~ 

• Now in association with: CMV, herpes, 

aspergillosis ... .. immunosuRression 1: ~L{_[Y 
So ~cU..(\\"1. orpavl-u~sh'c. "-:: H II; 

I(\ ken ofW' ~ ~'(e (Jl) 'lV\1Vt.() v? ~ 

Polyarteritis nodosa . YWV\J ~0 
Primary angiitis of CNS cause diffuse 
encephalopathy with cognitive dysfuction-=-
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