A\ §

CARDIOVASCULAR
SYSTCM

SUBJECT : (l)aﬂt@@@

LEC NO. : %
DONE BY : __ Sadeel Alfageer

e ieslss

SCAN ME!



e P AN A AN

Arteriosclerosis
Cardiovascular Module 2024

JORDAN

Dr.Ghada AL-Jussani
MBCHB,JBP,IFMS(PhD),EBP,FRCPath(UK)
Assistant professor

Consultant pathologist

Faculty of medicine , Hashemite University

2024




i M g ol (ole Iolim ¢ (1Y 8 puilaall danlye agil oSad udis g ples 3K Slasben 7 o

S
Toplel e

hardning and thickning of the ;e 3,Le <l LS<s 5 Arteriosclerosis J! ¢ saeas Loalll 3 alatl Bl
large &medium sized of JL sl (Sae ¢ £ 13l ¥ Le <) LLs ¢ blood vessels & loss of elasticity
sl s sl g sage oK ula g disease of intima s L Atherosclerosis ... blood vessesls
oL arteriolosclerosis we.wuis small blood vessels Jb jias (Sao gl ¢ alll sl ) agall 8 JoSS 5 ol
o dil el o) 8 aladl sl de (Ss5 T, GLS 5 benign or malignant hypertension v (S (Kas
no clinical significant just calcification in media ;,s<: mockenberg medial sclerosis ,.aY! ¢ sl
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Pathogenesis of atherosclerosis

3¢ injury, chronic BC injury O9shs daladl Lusa,
¥ s palalls injury JI e (Sas (ody gl Liasa Cracking not ulcer 19S5
» Starts with chronic EC injury: resulting in increased endothelial permeability.
Also, dysfunctional injured endothelial cells express adhesion molecules, e.g.,
(VCAM-1) that binw followed by their migration into the

intima.

> Accumulation of the lipoproteins: LDL and oxidized forms of LDL —> feasiity Nzl ke 40

»\When monocytes migrate into the intima, they transform into macrophages &
foam cells (foam cells are macrophages engulfing oxidized LDL)
C)FGM Monocdi‘e/s i}{,’(‘fﬂ’\&l (}l M) meo‘I’Ol JU s _CMoa“me B\ m'ns(c'zr]'fom j:El

> Factors released during this process induces SMC recruitment from media
39260 ... sadhesion and activation of platelet ssub endothelial collagen JL VWF JI express i aslayl
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Pathogenesis of atherosclerosis

> Lipid (oxidized LDL) accumulation in both cells macrophages & SMCs - fatty
streaks One of gross apearence of atherosclerosis in the early stages
Patches ,atheroma ,plaques JI Loy Lo Ll

> Some of which die, releasing lipid & necrotic debris

>
> Activated macrophages produce free radicles, thus, aggravating LDL oxidation

chemical mediator [shaay [siules gay
> The activated T lymphocytes elaborate INF-y, which - stimulate macrophages,

ECs & SMCs to release growth factors GF

» GF promote SMC proliferation & ECM synthesis (mainly collagen) - stabilizes
the atheroma, and produces a fibrous cap covering the central core of lipid-laden

cells & fatty debris 014,()& g/PP\AL\ SN
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@ cracks L Lo smooth S5 (54,8l ECs JI gankll sl

Endothelium

= Atherosclerosis

1. Chronic
endothelial
“injury”:

* Hyperlipidemia
* Hypertension
* Smoking

« Homocysteine Evolution of arterial wall changes in the response to injury
* Hemodynamic factors

: 5?::;‘; Responsl to injury hv pOthe Si S.
| 1 Normal. drdy 1S K il s llILSS

* Immune reactions, ' ¥
2. Endothelial injury with adhesion of monocytes & platelets
to sites where endothelial has been lost

2. (Endotheﬁamuncuon 9

.g., Incre rmea . . .

loukocyte adhesion) 3. Migration of monocytes & smooth muscle cells (SMC) into
Monocyte adhesion l

intima.

and emigration.

ey aaly L sy aal < pathogenesis JI ¢ scases aSle Jgew sandll sla
https://youtu.be/N33JsBeziEY ?si=LC6qUQYj4QhiG3Yg

3. Smooth muscle
emigration from media
to intima. Macrophage
activation.




Atherosclerosis

4. SMC proliferation in intima with extracellular matrix (ECM)
elaboration

5. Well-developed atheromatous plaque

proliferation, collagen NS\
and other ECM N
deposition, extracellular

lipid




Pathogenesis
SN ol of atherosclerosis

Vascular smooth
Monocyte T-lymphocyte muscle cells

vuu@ °l°"“°‘3< Endothelial

@ cells

LUMEN vcam-1 3 M-CSF

INTIMA oOQS 0_» @ i @

Cholesterol b Macrophage
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== Pathogenesis of atherosclerosis

1. Recruitment of smooth muscle 2. Smooth muscle 3. Elaboration of
- cells or smooth muscle precursor cell mitosis extracellular matrix

Endothelium cells to the intima

Intima
I'zf&lrsqz: ’._-w...‘.‘.q. - ::
lamina | 4"‘5’/ ,—;—‘Q‘) y : - ” :
— - N :
Smooth 0-- ﬁ%mo 0 — Media
muscle e
cells == = e e e  ems C — E

Fig. 10.6 Stereotypical response to vascular injury. Schematic diagram of intimal thickening, emphasizing intimal smooth muscle cell migration and prolifera-
tion associated with extracellular matrix synthesis. Intimal smooth muscle cells may derive from the underlying media or may be recruited from circulating
precursors; they are depicted in a color different from that of the medial smooth muscle cells, to emphasize their distinct phenotype.
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Pathogenesis of atherosclerosis
Summary

dors peaally G o s Sy Lo 85 Y arteries Lie o8 &l ol
blood vessely! <. 5 K <5 'Sas plaque J! sla 5 Angiogenesis

ATHEROSCLEROTIC PLASUE A plaques have three principal components;
LyrPHOCY TE Lk A S \/ CE"S = SMCs + macrophages + T Iymphocytes CE”S;
porY

v/ ECM = collagen + elastic fibers
v/ Lipids: mainly oxidized LDL

AND COMPOSED MAINLY OF
(1) Fibrous cap (SMCs & collagen).

(2) Necrotic core, deep to the fibrous cap containing
lipids + foam cells + debris from dead cells
t’/lqsl-;cﬁ) ) &-En.»é):_-‘b~\£.._> elastic Jc.'be(js iy < s
loss of elasticity and atrophy of a juas g Lhias oL @kll s smooth muscle JI le pressure effect Josis core Jl sla
e S 7, complication JI cpe 8aaly e 5 obyidl e Ciaas ¢, media dikill sl el Lie dikill sl smooth muscle
ol aSHyie inflammatory proscess Jl dasis ¢ gdie el 4GS aneurysm: Lgoosl




MORPHOLOGY OF ATHEROMAS
Fatty Streaks — ean stages . st s

Fatty streak

A. Grossly, the fatty
streaks are multiple,
minute yellow flat
spots

B. Histology, fatty
streaks are composed
of lipid-filled foam cells
only
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(32



atherosclerosis plaque @guie S Lo 5o

¢ Sl Lgagl il ¢ Aorta JI Le 5o
formalin JL fixation L¢llee ¥

Fatty
streak

mass like leision .
Gaie JSat deudie Jalyon (Sas
ulcerated plaques




Fatty Streaks, Coronary Artery with Increased
Fat




= Pathogenesis of
m—— atherosclerosis

Plaque grows, lining of artery damaged

Rupture of the fibrous cap =
superimposed thrombus - leads to

catastrophic consequences (sudden
occlusion of the vessel or

thromboembolism)

Plaque ruptures

Blood clot forms,
limiting blood flow

~eon

Lal g dliall aaaiy « ulceration Le ,oay cap J! rupture sl b syas




A Fibrous Cap
Atherom
Normal
Intima
Adventitia
Lipid-Rich % v

Necrotic Core

B Lipid-Rich
Necrotic Core
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Atheromas:
histology
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Atherosclerosis
(Vessels involved)

Most common vessels involved by
atherosclerosis are:

oe oSai M ¢ arteries J! S wat Le atherosclerosis J!
llal agas juas oL most common arteries J!

__1.  Coronary arteries (IHD) Ischemic heart disease
SN TZ S

wgesee ). Infrarenal abdommalaorta (aneurysms)
—._= o2 Jaad (Saad o las¥ | sty ol ol yetd | s

3. Popliteal arterles (gangrene)
4. Internal carotid arteries (stroke)

5. The vessels of the circle of Willis (stroke)

SLYI o ¢ at the site of branch ;,<ii atheroma J! sale
e aorta J! oSl g ol el Lo & a0 oLy




Lllaial suly LK 4, cap JI el Lo S ¥ (| cmphcqhons Lol g 8l &de 300 K e Bugagll LS le aatian agin CEAY
LSl suai T, fibrous cap J! rupture seas U 5 ulceration Jls rupture J1 &ysua f'

dlsll sla Lo thrombus @uie o\ <Si GIGIL blood JI s direct contact Llalall T f P I
suddenly ;<5 blood vessel JI S om0, ¥ (S5 Sas fatal y p e S O a q u e
easily rupture an ulcerated 5 s 55

Stable p|aque Vulnerable p|aque Vulnerable plaques: leads to dramatic and fatal ischemic complications

= Large numbers of foam cells and abundant extracellular lipid

T flres «Thin fibrous caps

= Clusters of inflammatory cells.
<581 ¥ more stable ;&

Nectob Stable Plaques: leads to chronic ischemia

= Minimal lipid accumulation

= Dense collagen, thick fibrous cap

= Minimal inflammation

= The factors involved to promote either a vulnerable plaque or a stable
plaque are not clear yet, however, the major differences between a
vulnerable and stable plaque are that vulnerable plaques have a "rich-
__lipid core' and a "thin fibrous cap' in comparison with the "thick
fibrous cap' and the "poor lipid

= Whereas stabilized atherosclerotic lesions Brogress slowly, vulnerable
plaques suddenly rupture and cause thrombosis, resulting in acute
coronary syndrome (ACS).

s blood supply JI ,ks e [sllss blood vesselJl ya opnddle sl agiliie s « thrombus 065 Ll dsye J31 S S stable o Lol o0
vulnerable J! s 3 98 ma g fupture Ll Laye e Las,ll o SIchronic ischemia |
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Natural history, morphologic features, main pathogenic
events, & clinical complications of atherosclerosis.

s.no symptoms 3ule

< Pre-Clinical Phase wE Clinical Phase
< young age JI ¢ye Tuiis Usually young age :g .§ Usually middie age to elderly
e ms 135 o7 ot (e CE
~ ECs ,Lo il L stable i -Sas Mural thrombosis el =i wimy )
BN SIEEA “fibrofatty plaque ol & ¢, injury Embolization C>" - G
: o Wall weakenin:
vulnerable plaque J Js=x : g ANEURYSM
—= . ' ——> AND
| \ RUPTURE
- : Plaque rupture
/, Plaque erosion rupture Ll semy oSae
) 2 Plaque hemorrhage J! s .and thrombus
NORMAL FIBROFATTY ADVANCED/ Mural thrombosis | Sy thrombus
= o s
ARTERY PLAQUE — 3 © VULNERABLE Embolization (ﬁ < 4
T T PLAQUE } OCCLUSION @
s 3 BY
: Al lesion-prone areas, and Cell death/degeneration :
. e accelerated by risk factors: Inflammation THROMEES N .
Endothelial dysfunction Plaque growth Jast Lo fos 35 L5 San
Monocyte adhesion/emigration Remodeling of plaque <t=——— : S Thrombus
e A Progressive ? o
SMC migration to intima and wall ECM plague growth (‘ critical ste 05
SMC proliferation Organization of thrombus =
ECM elaboration Calcification > CRITICAL :
Lipid accumulation

STENOSIS




Effects and complications of
atherosclerotic plaques

—,__. ss
$ é . . . .
> Narrowing, or even complete occlusion of the arterial lumen, by progressively enlarging plaque

i ; i~ ini o= 5« Very highly thrombogenic < plaque J! o lisSe 4% thrombus Lie jras 5 aall 2 cap JI olisSe &0 g rupture ey U 4l BSs
causing ischemic Injury embolism J! sla s thrombo embolism gias avualls (36 G Jislgs! g lumen completely or partially J! S Ll Ll < thrombus yuas
] ] ] ] . plaque J! o lsSe oo gl Lguds 81 o 0650 Sae
> Ulceration, fissuring, erosion or rupture, of the plaques fibrous cap exposes the bloodstream to

highly thrombogenic substances and causes thrombus formation.

Such thrombi can: (I) occlude the lumen, partially or completely (Il) dislodged, resulting in systemic
thromboembolism.

Note: If the patient survives the initial vascular occlusion, the thrombi may become organized &
incorporated into the growing plaque.  Lisi oL plaque JI lsa clas g cald oSy culd thrombus J1 s (5 S ¢, plaque JI gia

> Intra-plague hemorrhage




embolism JI &gua reisis §y5all st Eymbolism/ Embolus

A blood clot that
travels within the body
is called an embolus.

and blocks blood supply, the

condition is called an embolism.




Vool Bsd Laling,d
Effects and complications of
atherosclerotic plaques

Left renal v -
\ artery 2 S\l e
Right ren _ — Infrarenal e .
el Abdominal o > Aneurysm formation: atheroma

aorta (damaged induce pressure or ischemic atrophy of

N ©tcval)  the underlying media, with loss of
/\ \ elastic tissue in large arteries, this
causes weakness of the arterial wall &

Common iliac
arteries development of atheromatous

aneurysms (commonest type of
aneurysm) that may rupture.

\"—rhe, Come\ico.\‘{m

Normal abdominal aorta Abdominal aortic aneurysm




Clinical Consequences of Atherosclerotic
Disease

Ol%cm I\ VIS
V' Signs and symptoms related to ischemia in the heart, brain, kidneys, and

lower extremities N
AWE -]
v Myocardial infarction (heart attack), cerebral infarction (stroke), aortic
aneurysms, and peripheral vascular disease (gangrene of extremities}— 4§ gangfne i

v Atheroembolism: ruptured plaque can discharge debris into the blood, .
producing microemboli composed of plaque contentsz ke S oSes embolism Ji <1  LabiSs

v Outcomes depends on size of the affected vessel, size and stability of the

plaques L
Stal le oC Uu\V\eQ‘/I\O\Qa_
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Atherosclerotic Stenosis

oliyall 8, plaque saic s L Jsl o vessel circumference JI wiyi jLie stretching Joxs Jslais elastic ¥ s media J! early stages JL <lye

° At early stages: remodeling of the media tends to preserve the luminal diameter by increasing the vessel circumference.
damage and remodelling mechanism Lis yuos stenosis Lie ypuas (psan

* Critical stenosis: chronic occlusion limits flow so severely that tissue demand exceeds supply.

® Arterial remodelingis currently being recognized as an important determinant in vascular pathology in which narrowing of the
lumen is the predominant feature. Not only expansive remodeling (enlargement), but also constrictive remodeling (shrinkage) is

observed. s (asa Ol enlargement yaas dalasdls

* What is Remodeling in atherosclerosis? shrinkage
Oilpasd sy
® Vascular remodeling is an active process of structuralchange that involves changes in at least four cellular processes: cell
growth, cell death, cell migration, and the synthesis or degradation of extracellular matrix. 3% ke el blood vessel JI 4l o Suas wlaaall sla
positive remodeling mechanism tn order to Jaza Jyla sazdll
® With development of atherosclerotic plague, outward remodeling may preserve size of lumen. However, necessary  Preserve bleod flow

degradation of matrix by metalloproteinases may increase risk of plaque rupture. Healing process after pfaque rupture may
result in inward remodeling.

® Mechanisms involved in arterial remodeling include fibrosis, he/perplasia of the arterial intima and media, changes in vascular
collagen and elastin, endothelial dysfunction, and arterial calci
cells (VSMCs) contribute to thickening of the arterial intima.

ication. Migration and proliferation of vascular smooth muscle




Intima Media

Smooth

B -
Adventitia ,
flbrous tissue , collagen ol Jgadii plagque JI JS (Sas

9 Sbaeyyi Lie jlo 9l i Normal -

blood vessel JI J9las ¢ daluslls artery ‘ =5 \ o JAas 9 1S blood vessel JI skad (po | ollds § organized
¢ deli diameter JI ods 1adlan chronic ischemia for the tissue that are supply by this
A § (§.9udi Ao 9 clad (ldis stenosis @ JAan dlall slgs 9 rupture yuan

Slem 9 rupture yias 7 T vessel
Jl s Bdlag liis enlargement 9 B Liptd {95 and thickining of blood vessel S5 - :
blood flow

Bl inflammatory cell JI 9 sl filbrouws cap-. e . N

>

Early atheroma

______

o) 3 4
A A w " S
" - / 'Séabmzed' plaque CEEEES ,/ Healed ruptured
e Small lipid pool ¢ plaque
/- Thick fibrous cap * Narrow lumen Left

. . . * Preserved lumen * Fibrous intima coronary
ol &0 G (<l ~ A s _ A / arteries

/& 5/ ‘ ) Sac ‘ R Acute

lbx
C

Right Myocardial

‘Vunerable’ plague 28 ’ g?,:;’,';a'y it
* Thin fibrous cap 2y
e Large lipid pool sy Thrombosis
e Many inflammatory / = of a ruptured _
cells plaque L. o
Fibrous cap 9§l emboll Lis yaas § ¢ rupture Lis

uleeration with superact thrombosis at site of damage
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Prevention of atherosclerosis

183950 oy ol ALY wie Lo gl Lghigan dacud (po AL of Lgaiad

Primary prevention programs: Y SR P OF atnisk
Aim to delay atheromatous plaque formation in persons who have not yet suffered

a serious complication. These involve cessation of cigarette smoking + control of
hypertension + weight loss + exercise, & lowering total & LDL blood cholesterol

1 1 1 tschemic heart disease or stroke suas g Wis genetics ouas high risk (s (addldl o
levels while increas I.n 5 HDL triglycaride JI 9 Jgyieusd <11 (o YU (ool statins JI9 (e (55 el @ Liads
Secondary prevention programs: (Loilly sgic osas )

It aims to prevent recurrence of IHD or stroke in symptomatic patients, involving
medications (aspirin antiplatelet agent), statins, & beta-blockers (to limit cardiac
demand).

What is the gold standard diagnostic test for atherosclerosis?

It is invasive coronary angiography (ICA) has remained the gold standard upon

which other diagnostic tests are measured.

o= ¢ 3kl coronary angioghraphy | slazs symptoms of ischemic heart disease osas salgs | oS U e Lalsy sals

coronary blood vessel JI @l (530 | 98 gulis
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Arteriosclerosis oo ot s

Arteriosclerosis is hardening of arterial wall

Three patterns
1. Atherosclerosis

1. Arteriolosclerosis - thickening of small vessels. Wall thickens due to protein
deposition (hyaline arteriolosclerosis)|or hyperplasia of smooth muscle
(hyperplastic arteriolosclerosis)

1. Monckeberg medial sclerosis




Arteriosclerosis

Sub tnttmal dcposi,’ciow

(emoseg)—wé—

Diabetes]
* Hysing Benign HTN]

[Hyperplastch Malignant HTN J

Artherosclerosis




Arteriolosclerosis

1. Hyaline arteriolosclerosis:
- Seen in benign hypertension and DM.

- Pink hyaline thickening of the arteriolar walls,
and luminal narrowing

- In the kidneys: narrowing leads to diffuse
vascular compromise and nephrosclerosis

(glomerular scarring). «—

- Seen in elderly patients (normo- or
hypertensive)

* thickened with |
. pink hyaline \ \
" material

%y =

- Common in diabetic microangiopathy

7 Glomerulus



Arteriolosclerosis

de wovo Sas vapio inerease of blood pressure S d-d—?
ousas Sas 9l previous history of HTN ouas Lo Slasd (g
2. Hyperplastic arteriolosclerosis : %

- Seenin severe (malignant) hypertension.

- Onionskin concentric, laminated thickening of walls
and luminal narrowing (figure A)

- The laminations consist of smooth muscle cells and

B v"k o .:__\-.',;..'- ".}; NPT SR
. . ‘ B f‘:‘- '-'1.".' R :.‘. = N \\‘..f "'o"o.‘ “ :‘?Q?’ )
thickened, reduplicated BM (Media) Il oA TR R .,,“"
| . . — I S AR RN N el
- In malignant hypertension: accompanied by fibrinoid S R o 1Y T AR S A R e 0
deposits and vessel wall necrosis (necrotizing AP TO ¢ A e 7 eiiov AR
ioliti ' in the kid fi BT e R s - L
arteriolitis),[prominent in the ki ne¥_( igure B) "~f,2,,{.‘_.#1'% }u,?‘»,s’ G 02
AR GO REY S “:\._-‘?'.‘_5:.‘,-' F20 2 e
4 R .\u - ’ O 3 v o o~
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Arteriosclerosis

Arteriosclerosis is hardening of arterial wall

Three patterns
1. Atherosclerosis
2. Arteriolosclerosis

1. Monckeberg medial sclerosis - calcification of media. Not very clinically
significant




Arteriosclerosis

DiabeteS]
/ Benign HTN]
[Ameuosderosls}—TYPes—-"—::

\ [Hyperplastch Malignant HTN J

Artherosclerosis
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Monckeberg medial sclerosis

Monckeberg medial sclerosis:

- Calcified deposits in muscular arteries
) Seen in adults (older than 50 years)
-1 Not clinically significant

) -~ = 1. TN _' - A
- Bt S 3 i YRS

Monckeberg medial sclerosis




Monckeberg medial sclerosis
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Atherosclerosis

video video 1
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video 2
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Ischemic heart disease Video 1 ]

) MI video 1
Lec 3+4 Video 2 .
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