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Pathogenesis of atherosclerosis
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»Starts with chronic EC injury: resulting in increased endothelial permeability.
Also, dysfunctional injured endothelial cells express adhesion molecules, e.g.,

(VCAM-1) that binds monocytes & T cells, followed by their migration into the

intima /Endothelial cell injury > increased endothelial permeability> more LUL particles
entry into the sub-intimay disease of intima (Atherosclerosis)

»~ Accumulation of the lipoproteins: LDL and oxidized forms of LDL
E-Afherosclerosis is also called “Chronic inflammatory disorder/disease” because of the recrvitment of chronic inflammatory cells

like monocytes and lymphocytes. _ , o _
When monocytes migrate into the intima, they transform into_macrophages &

foam cells (foam cells are macrophages engulfing oxidized LDL) [, ¢, 5§ s moncctes eposis 3530 %
Aissuely \afS>yg UUMW\W

> Factors released during this process induces SMC recruitment from media

Honocq’res (elease 3mw+h factor t’»r smouth muscle cells cectuit ment P,m media
fo susund the ater whee the oxidized LOL £ foam cells are present (in gub.mhm)_
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Pathogenesis of atherosclerosis

potches3\ 5 plaques Sy (3% early stages b b by sheaks, .
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> Lipid (oxidized LDL) accumulation in both cells macrophages & SMCs — fatty

streaks — kit sieaks 15 one of the gposs appearances  athersclrois (o) cylt %) ki)
—>Tathy shveaks consist 3t am cells (macrophaqes) 4 smooth muscle cells.

» Some of which die, releasing lipid & necrotic debris
F R0S that are released from achuated ’Mach\Mﬁes cause LDL oxidation. intinad 8 535 Ty1o LOL 4y ¢ LDL oxidaton ¢ 2 (s 061 \g5535
>
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Activated macrophages produce free radicles, thus, aggravating LDL oxidation

» The activated T lymphocytes elaborate INF-y, which - stimulate macrophages,
ECs & SMCs to release_growth factors GF ool s i csie 5 o

7 0 Q b piad g 00 S wmd\.wy o)
» GF promote SMC proliferation & ECM synthesis (mainly collagen)—> stabilizes

the atheroma, and pLo_dusﬂs_a@__ﬁb[Mp covering the[central core]of lipid-laden

cells & fatty debris Centeal cove s Lipid - laden cels  Fatty debris, nflammatiry cels 4 ECM.
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Atherosclerosis

“injury®:
* Hyperiipidemia
» Hypertension

<o ielin — Evolution of arterial wall changes in the response to injury
R | o hypothesis
o Viruses Response 1o injury .

* Immune reacltions agmy
/

1 Normal._s Endefheliel celle hae §o be swth o prevent platelet or monocies adhesion & o Faciltate the Llood flos

2. Endothelial injury with adhesion of monocytes & platelets
to sites where endothelial has been lost

2. Endothelial dysfunction

.g., i ased bility, . . .
ot ot g 3. Migration of monocytes & smooth muscle cells (SMC) into
Monocyte adhesion . .
and emigration. l intima.

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




Pathogenesis
of atherosclerosis
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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
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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.




Pathogenesis of atherosclerosis
Summary

ATHEROSCLEROTIC PLASCE A plaques have three principal components;
il s v Cells = SMCs + macrophages + T lymphocytes cells;
£ oomr:ui“" foN“" pAcRo P
N e = ™

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

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

(2) Necroticcore, deep to the fibrous cap containing
lipids + foam cells + debris from dead cells

" v Y ) 7 .
aneurysm b"‘a"'ﬂ CEUUAR 3?,::» . MT”PhW

o
dac- ke ghucturecys e & ’
S &isﬁnl\%:\tﬁ; o Smocth muscle . Aneurysm: an abnormal welling or bulge  “F Sy

_ which causes “anguirysm’. in a weakend blood | wall
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MORPHOLOGY OF ATHEROMAS
Fatty Streaks

Fatty streak A. Grossly, the fatty
EH;he Fst %wsslq visble lesion in gtherpsclerosis. streaks are multiple,
minute yellow flat
spots

B. Histology, fatty
streaks are composed
_of lipid-filled foam ce
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Mhecomatous plaquess atheroma mass-Like
lesion projecting From
the blood vessel wall
to the lumen.
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Fatty Streaks, Coronary Artery with Increased
Fat
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Pathogenesis of
m— atherosclerosis

Rupture of the fibrous cap =
superimposed thrombus - leads to
catastrophic consequences (sudden
occlusion of the vessel or

thromboembolism)
l?rﬁigdngd&'&fnngw .Vnp’“m Dg H\e gi\o('ous Cap \eads o ulceration.
s\ouﬂ»\ina of endothelia) cells

Plague ruptures

ulceration

Platelet accumulation

Primory t\«emoshh‘c plug
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A Fibrous Cap
Atherom

Lipld-Rich
Necrotic Core

Normal
Intima

Adventitia
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Atheromas:
histology




e Atherosclerosis
(Vessels involved)

Most common vessels involved by

atherosclerosis are:
Atherosclerosis first happens in the site of blood vessel
T ima o 3 g WA branching. &/ ,e ues e S LSS 8,580
endothelial cell N (¢ sad (Ad hivis |
dume o g2

lomnch:vg I enlp Comlypih ot

1. Coronary arteries (IHD) , g, .
frarenal  abdominal oorto (gD aveutymm \g 23 P 3 .)‘551
Infrarenal abdominal aorta

: )
] ] vessels that the legs et cloaged leadin
3. Popliteal arteries (ﬂ Yo e%i.fi,mi. e s
§4. Internal carotid arteries (stroke)
5. The vessels of the circle of Willis (stroke)




Stable plaque

Vulnerable plaque

Th Rrous

Types of Plaque
oo ruptuted.

Vulnerable plaques: leads to dramatic and fatal ischemic complications

= Large numbers of foam cells and abundant extracellular lipid

= [Thin[fibrous caps

= Clusters of inflammatory cells. _, cause thin Fbrous cap £ increase the plaques winerabiliky.
gshbn r & mote shable than vuintable plaques.

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, thegmajoridifferencessbetweena
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 > e gages el s csoph

= Whereas stabilized atherosclerotic lesions IErogress slowly] vulnerable

plaques [suddenly rupture and cause thrombosis, resulting in acute
coronary syndrome (ACS).

"




Natural history, morphologic features, main pathogenic
events, & clinical complications of atherosclerosis.

Pre-Clinical Phase 35 [Clinical Phase|
Usually young age € Usually micdie age to elderly
=8
Oc
ns ONLY Mural thrombosis
FATTY STREAK->fam oo Embolization
: Wall weakening &) 8o sype VA T
4 ANEURYSM Ups: 35U b oS Guyd)
===n{> AND (A|ﬂ Z) %’SL d“t'-‘l“
RUPTURE Ll ghoms oud
Plaque rupture I
e Plaque erosion
ADVNCED/ Plaque hemorrhage
Mural thrombosis
ARTERY PLAQUE — 1 = VULNERABLE Embolization
T PLAQUE | OCCLUSION /4
——>  BY |
At lesion-prone areas, and Cell death/degeneration THROMBUS !
accelerated by risk factors: Inflammation Cwm?m;mm
Endothelial dysfunction Plaque growth
Monocyte adhesionfemigration Remodeling of plaque <g=——= Proaressive
SMC migration (o intima and wall ECM e i
SMC proliferation Organization of thrombus
ECM elaboration Caleification e ey, CRITICAL
Lipid accumulation

STENOSIS




Effects and complications of
atherosclerotic plaques

> Narrowing, or even complete occlusion of the arterial lumen, by progressively enlarging plaque
causing ischemic injury - for perfuson— Ror bleod Suppy = ischemia wfgrction — death of +issue.

> Ulceration, fissuring, erosion or rupture, of the plaques fibrous cap exposes the bloodstream to

& highly thrombogenic substances and causes thrombus formation.
becauze of the plagque fupture 4 endothelial cells will ge’r s|ou3hec!, aﬂrachvvj h.ghlq thombegenic substances ke platelets which will form a thrombous.

Such thrombi can: (I) occlude the lumen, partially or completely (Il) dislodged, resulting in systemic
thromboembollsm mainly happens in Conary arl-erfes which causes ischemia or M

Note: If the patient survives the initial vascular occlusion, the thrombi may become éo_tga_mze_d &

@lncorporated into the growing plague. _,ifacctin & 32w ¥ o= Flotosis
38 2 lpasss Plaguedi T 35 73 Hhrombous 3 ooy a7, b crprivation) o
Jschewmia (3 & 7)) O Jos

»~Intra-plague hemorrhage
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Embolism/Embolus

travels within the body
is called an embolus.

VWhen an embolus

lodges within a vessel

and blocks blood supply, the
condition is called an embolism.

<a




Effects and complications of
atherosclerotic plaques

Left renal
. artery

Very dnqerous bes it can get ruptuced any time Causing Fatal consequences.

e 6; Aneurysm formation: atheroma
. (damaged induce pressure or ischemic atrophy of
@ teval)  the underlying media, with loss of

/\ \ elastic tissue in large arteries, this
Cormron fian | causes weakness of the arterial wall &
arteries development of atheromatous

aneurysms (commonest type OD

aneurysm) that may rupture.

Abdominal
aorta

Normal abdominal aorta Abdominal aortic aneurysm

-Liptol accumulation in intima — migration 5t SMC . atheroma —> pressure effect of the unJerL1in3 media — ahrophq > loss bf plastic +issue — blood vessel ing ~ aneurysm-




Clinical Consequences of Atherosclerotic
Disease

Ischemia in the heart > myocardial infarction > severe chest pain> fainfing> severe hypotension.
Chest pain is the main symptom of ischemic heart disease cavsed by atherosclerosis or occlusion of

blood vessels by thrombus.

V' Signs and symptoms related to ischemiaiin the heart, brain, kidneys, and
lower extremities . dhuosdmsy3oh st - ada F 03 b
Sl P/'Jf-“e-‘ 7y Susay) Jaid (A \aamin M organs

ol st g v Myocardial infarction (heart attack), cerebral infarction (stroke), aortic
! <-aneurysms, and peripheral vascular disease (gangrene of extremities)

the abdomen assoct:
with hypovelmic S
due :o‘::tc aneurysm l-)o!q ganqrene i caused by atherosc levosis.

.wa%?f::ﬁ:;?.;ﬁ v/ Atheroembolism: ruptured plague can discharge debris into the blood,
o needel producing microemboli composed of plaque contents.

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

plaques




Atherosclerotic Stenosis

FPOSiHVg (‘emoﬂelinj feedback s waoninj ot inoreasing the blood vessels diameter in response to LDL accumulation. ph) Juds olie 95?‘“ l""‘" zﬂd} \ H!m'! ms! e’;’,@ﬁf‘!ﬁh#‘;
S A >\ D

At early stages: remodeling of the media tends to preserve the luminal diameter by increasing the vessel circumference.
f’ (':-L{c:s\s\)re;u € . e w3 <L) elastic Hssuedy (3
Critical stenosis: chronic occlusion limits flow so severely that tissue demand exceeds supply.

° Arterial remodelingis currently being recognized as an importantideterminant in vascular pathology in whichgnarrowingrofithe
Iuk;nen isdthe predominant feature. Not only expansive remodeling (enlargement), but also constrictive remodeling (shrinkage) is
observed.

* What is Remodeling in atherosclerosis?

® Vascular remodeling is an active process of structural change that involves changes in at least four cellular processes: cell

. : ; : . = ; hani
growth, cell death, cell migration, and the synthesis or degradation of extracellular matrix._» e b"’r"e& "e’“‘;',,“’“l‘,u:'éd%\cﬂi positie remodeling mechanism
fo presene ¢

—

* With development of atherosclerotic plaque, joutward remodeling| may preserve size of lumen. However, necessary
degradation of matrix by metalloproteinases may_increase risk of plague rupture. Healing process after plague rupture may
result in[inward remodelingl>aneurysm. & winrabic Plaque

@

the arterial intima.

® Mechanisms involved in arterial remodeling includesfibrosis, hyperplasia of the arterial intima and media, changes in vascular
colla%en and elastin, endothelia®ysfunction, and arterial®alcification. Migration and proliferation of vascular smooth muscle
cells (VSMCs) contribute to thickening of
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Prevention of atherosclerosis

Primary prevention programs:

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
levels while increasing HDL

] ko v or syroke-
Seconda ry pre\,ention progra ms:_)(fm non.modifiable causes & porsons with past history 3f THD or stroke

It aims to prevent recurrence of IHD or stroke in symptomatic patients, involving

medications (aspirin antiplatelet agent), 5_53%, & beta-blockers (to limit cardiac
demand). cholestevo)

wp. What is the gold standard diagnostic test for atherosclerosis?

It is invasive coronary angid’é‘ﬁaphy (ICA) has remained the gold standard upon
which other diagnostic tests are measured.. ishemic het dismee ol e o) laims lgile 8550 o)

Ca 5 {
Coronoary blood vesselsd) (325A3 (330 \gaa2 (3= (zcm °Jb“‘j e T)
Blood $lows in thelumen e \ghdlms oslie P\ O\Q,, 6._5,3 Oe\yL av

Arowbosis ¢ gm0 &> anti. Comjulam lgbeyy Csad (12223




Arteriosclerosis

Arteriosclerosis is hardening of arterial wall

Three patterns
pove @1, Atherosclerosis

1. Arteriloldsclerosis - thickening of{small vessels. “Wal thlckens due to_pr_oie.m
deposition (hyaline arteriolosclerosis) or hyperplasia of %mooth muscle
&(hy.perplastlc arterlolosclerosw)

1. Monckeberg medial sclerosis

<a



Arteriosclerosis

Dia betesj

Benign HTN] \m\Jiy\S lw\rer!'ensi?n.
’ :Lm; g (3 OBy G2

Mmainw In renal vessels.

[Hyperplastch Malignant HTN LSUDDEN increase o BP

ov the patient hos a

pre-existing HTN that s
vaeloPeJ info a maligmwl HW.

(Diastole >120)

_,,ﬁ\,,r-m,,;) necrosis aan Yake
place in the arlerioles OR

hyperplastic (prol:Seration) chanas
4’ the S ¥ the media \eadin
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Arteriolosclerosis

1. Hyaline arteriolosclerosis:
- Seen in benign hypertension and DM. cause contracted Plorstic kidney.
’ s da.-e),_:—'hﬁ.:e\lo\ﬂw qadly (i Abiay = yio )

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

- In the kidneys: narrowing leads to diffuse +3 o
. . (Contracte
vascular compromise and nephrosclerosis kidney
(glomerular Scarring). ¢ Lisd supgiy o the kidney > ischemio-snephatic sl »i

ql

— 'l-ubu)ar'ﬁahq*ﬂ -
terstitial flovosis

- wallis L
- thickened with \\ '
. pink hyaline
.). material

- Seen in elderly patients (normo- or
hypertensive)

- Common in diabetic microangiopathy

Glomérulus



Arteriolosclerosis

2. Hyperplastic arteriolosclerosis :

- Seenin severe (malignant) hypertension.swppens de-novo (withet H¥ -
or in Pge-exis\-ing HTA. h

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

O
PR n
ﬂ'\'.\“\- ".‘

- The laminations consist of smooth muscle cells and
thickened, reduplicated BM

- In malignant hypertension: accompanied by fibrinoid
deposits and vessel wall necrosis (necrotizing
arteriolitis), prominent in the kidney (figure B)
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Arteriosclerosis

Arteriosclerosis is hardening of arterial wall

Three patterns
Dove 'Ei Atherosclerosis
pove @2. Arteriolosclerosis

1. Monckeberg medial sclerosis - calcification of media. Not very clinically
Significa nt-b\v-\ﬂ-“’ M»o'isease because it involves : media - muscular blood vessels — medium sized blood vessels -n males - Pipe stem appearance.

<,




Arteriosclerosis

Diabetesj
[Hyperplastch Malignant HTN ]

\\_
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s Does Monckbery medial sclemsis
offet e lumen size?
NO 9
Qs Does offect the intima ¢
NO )

Artherosclerosis



Monckeberg medial sclerosis

Monckeberg medial sclerosis:

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



Monckeberg medial sclerosis
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