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*VERY IMPORTANT
-Examples *The expert in anything was once a beginner

*Diseases names: Underlined
Definitions



1  Understand the pathogenesis and clinical
consequences of atherosclerosis.

d  Be able to discuss pathology and complications of
ischemic heart diseases with special emphasis on
myocardial infarction. Next lecture

d  Know how lifestyle modifications can reduce the
risk of ischemic heart diseases. Next lecture

Key principles to be discussed:

Risk factors of atherosclerosis.

Pathogenesis of the fibro lipid atherosclerotic plaque.
Clinical complications of atherosclerosis.
Commonest sites for the clinically significant coronary
atherosclerosis.

Macroscopic and microscopic changes in myocardial
infarction.

Biochemical markers of myocardial infarction.
Complications of myocardial infarction: immediate
and late.
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Large (elastic) arteries Capillaries
aorta, common carotid, iliac P diameter of RBC

lots of elastic fibers thin walls, slow flow

Medium (muscular) arteries great for exchanging oxygen, nutrients

coronary, renal arteries Venules/veins
mostly smooth muscle cells large diameter, thin walls
compressible, penetrable by tumor
Small arteries/arterioles O Have valves
all smooth muscle cells Lymphatics
blood pressure controlled here drain excess interstitial fluid

pass through nodes
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Endothelial Cells
Hole's Human anstomy and Physiology,
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The endothelium is a single cell thick lining of endothelial
cells and it is the inner lining of the entire cardiovascular
system (arteries, veins and capillaries) and the lymphatic
system.

Tissue
fluid

It is in direct contact with the blood/lymph and the cells -
circulating in it. — .
A normal structure and function of endothelium is essential \- 1" -
‘ —X

for the maintenance of vessel wall homeostasis and normal
circulatory function.




SMCs are present in the media of blood vessels

SMCs are responsible for vasoconstriction and vasodilation of §
blood vessel.

Any vascular injury or dysfunction stimulates SMCs.
On stimulation the SMCs:

Migrate from the media to the intima.

In the intima the SMCs lose the capacity to contract and gain the capacity to
divide. So they proliferate as intimal SMCs.

They synthesize collagen, elastin etc. and deposit extracellular matrix (ECM).

Plaque collects
. under damaged
intima
k Plaque
.. . o . colecs
Atherosclerosis is characterized by intimal lesions called : ——
atheromas (also known as atheromatous plaque or !
fibrofatty plaque), which protrude into and obstruct vascular
lumens and weaken the underlying media. Plague

ruptures -

Artery
narrows

The most commonly involved vessels are the abdominal aorta
then coronary arteries, the popliteal arteries, the internal form
carotid arteries, and the vessels of the circle of Willis*.

Atheroma usually found in large arteries.

AS can cause serious complications like Coronary artery
disease (angina & MI) and Carotid atherosclerotic
disease (stroke).

bec
blocked by
2 blood clo

The key processes in AS is intimal thickening and lipid accumulation.
AS plaques impinge on the lumen of the artery.
AS plaques vary in size.

AS plaques usually involve only a partial circumference of the arterial
wall ("eccentric" lesions)-means not fully circular and are patchy and
variable along the vessel length.

* Abdominal aorta is a big vessel and if it has a blockage it causes aneurysm “wall become so weak”

Coronary artery which supply Rt and Lt side of the heart

Popliteal arteries in the popliteal fossa behind the knee posteriorly

Internal carotid artery is a branch of common carotid artery go to the brain

Circle of Willis circle made by anastomoses of many blood vessels in the brain




«  Fatty streaks are the earliest lesion of atherosclerosis they are a collection of lipid and
lipid laden foam cells in the intima.
They do not cause any disturbance in blood flow.
Fatty streaks begin as multiple yellow, flat spots less than 1 mm in diameter that coalesce
into elongated streaks, 1 cm long or longer.
The fatty streaks contain of:
1.T lymphocytes.
2.Extracellular lipid in smaller amounts.
3.lipid laden foam cells.
Every person by the age of 12 will develop fatty streaks which is the earliest lesion of atherosclerosis “the

yellow lines in pic1” and if we see it under the microscope we will see a collection of lipid and lipid laden foam
cells. Fatty streaks will cause no problem at all it’s only the place where the atherosclerosis start.

Photomicrograph of
fatty streak in an
experimental
hypercholesterolemic rabbit,

Aorta with
fatty streaks (

arrows). demonstrating intimal
macrophage-derived foam
Fatty streaks =
cells (arrow).
macrophages-

derived foam
cells.

Mild atherosclerosis composed of fibrous plaques,
one of which is denoted by the arrow.

Severe disease with diffuse and complicated lesions.

Very important
- Pre clinical phase of atherosclerosis has
no symptoms.
- Pre clinical turns to clinical either by:
1- 70% obstruction of the lumen.
2- Occurrence of a complication.
- Clinical phase is the symptomatic phase.




e A well established atheroma/ AS plaque consists of a raised focal lesion in the
intima, with a soft, yellow, grumous/granular core of lipid (mainly cholesterol
and cholesterol esters), covered by a firm, white fibrous cap.

e Atherosclerotic plaques have three principal components:*
: SMCs, macrophages, lymphocytes and foam cell.
: including collagen, elastic fibers, and proteoglycans.
: Typical atheromas contain relatively abundant lipid both intracellular and
extracellular lipid.

NOTE: Foam cells are large, lipid-laden macrophages derived from blood monocytes, but SMCs can

also imbibe lipid to become foam cells.

e Fibrous cap is composed of -~ SMCs, extracellular matrix “collagen, elastic fibers and
proteoglycans” some macrophages and T lymphocytes.

e Necrotic core contain - lipid deposits (primarily cholesterol and cholesterol esters),
cholesterol clefts, debris from dead cells, foam cells, fibrin.

* under the microscope we will see a raised focal lesion in the intema which is lipid core covered by fibrous
cap. simply this focal is caused after a vascular injury there will be an inflammation and that's why you will
see a lymphocytes and macrophages and also due to injury the SMCs will be stimulated and migrate from
media to intima and there it will start to proliferate and produce an ECM which consist of collagen, elastic
fibers, and proteoglycans and also in the blood there is circulating lipid like primarily cholesterol and
cholesteryl esters which will deposits in thy cytoplasmof the cells and also on the outside and that's why you
will see both intracellular and extracellular lipid also some of the macrophages will eat up these lipid and
form what it’s called foam cells

FIBROUS CAP

(smooth muscle cells, macrophages,

foam cells, lymphocytes, collagen,

elastin, proteoglycans, neovascularization)

NECROTIC CENTER
(cell debris, cholesterol crystals,
foam cells, calcium)

MEDIA




PATHOLOGICAL COMPLICATIONS

< Plaque rupture/ ulceration/ erosion of the AS plaques induce
thrombus formation OR the AS plaque may discharge debris into the
bloodstream, producing microemboli composed of plaque lipid (cholesterol
emboli or atheroemboli).

< Hemorrhage into a plaque due to rupture of the overlying fibrous cap or
the capillaries in the plaque. The hematoma may expand the plaque or
induce plaque rupture

% Superimposed thrombosis, which usually occurs on top of ruptured or
ulcerated plaques. It is the most feared complication. The thrombus can
lead to partial or complete occlusion of the lumen. The thrombus can also
embolize.

% Weakening of the blood vessel wall with aneurysmal
dilation.Atheroma can induce atrophy of the underlying media, causing
weakness, aneurysm and potential rupture.

% Calcifications:Atheromas often undergo calcification.

Pieces of plaque can
break free, travel to the
brain, and block blood Myocardial Cerebral
vessels that supply infarct infarct
blood to the brain

Complications:
Thrombosis
Plaque rupture

Internal :‘\

carotid
artery i\

Hemorrhage
Wall weakening
Calcification

External

carotid | Fibrous Plaque
ey 3 ‘ internal
‘ l carotid artery ]
C ' .
ommon | |
carotid
artery ? - ADAM Fatty Streak



Atherosclerosis and cardiovascular dise

Atherosclerosis complications
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Arterial
occlusion

Ischemia and cerebral
farcti

Myocardial infarction
infarction

Intermittent
claudication
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. Pre-Clinical Phase Clinical Phase
lr.rlI,zOI'tal'lt Usually young age g g Usually middle age to elderly
1 T (&)
B seen during . Mural thrombosis
FATTY STREAK. stage partial ) Embolization
’ obstruction Wall weakening e
< 2 Y - ' > AND
RUPTURE
Plague rupture
/ \ : Plaque erosion
Plaque hemorrh
NORMAL » FIBROFATTY_____,  ADVANCED/ Mural thrombosis.
ARTERY I PLAQUE 1 VU#[‘ESSSLE Embolization < 3
OCCLUSION
> BY
At lesion-prone areas, and Cell death/degeneration 20 @
accelerated by risk factors: Inflammation THEONELD .
Endothelial dysfunction Plaque growth
Monocyte adhesion/emigration Remodeling of plaque % ;
SMC migration to intima and wall ECM Bl <
SMC proliferation Organization of thrombus 9 "
?(?M elaboratiqn Calcification », CRITICAL
Lipid accumulation * STENOSIS
. ! 1
What are the ill effects of i o
Atherosclerosis ? ‘
Atherosclerosis
Atherosclerosis g w 4 J : : s -
can lead to pain (53 )
i
in the chest \/ N Coronary Cerebrovascular Peripheral arterial
N ){<('/ \ GF*GFY shoke disease
known as angina. AN disease
Atherosclerosis can %\/va*" k] )
lead to heart attack. \ e
Angina Hear disease Hear aftack Inlermillant Leg blood clot
Atherosclerosis s

can lead to stroke.




MAJOR RISK FACTORS

NON-MODIFIABLE
FACTORS:

1. Increasing age

2. Male gender

3. Family history

4. Genetic abnormalities

POTENTIALLY

MODIFIABLE FACTORS:

1. Hyperlipidemia
2. Hypertension
3. Cigarette smoking

4. Diabetes

Normal .

artery

Early atheroma

* Large lipid pool
* Many inflammatory of a ruptured
cells plaque

Fibrous cap

i

- ‘Stabilized’ plaque
* Small lipid pool
- Thick fibrous cap
* Preserved lumen
+121 )
pl
‘Vunerable' plaque 3
* Thin fibrous cap

Thrombosis

MINOR/ UNCERTAIN
RISK FACTORS

Obesity

Physical inactivity

Stress ("type A" personality)
Postmenopausal estrogen deficiency
High carbohydrate intake

Alcohol

Lipoprotein Lp(a)

Hardened (trans)unsaturated fat
intake

Chlamydia pneumoniae

Intima Media

\S Smooth
\." \“ \\ muscle cells
\ \ “
0 3 Q !\ .
Adventitia
y G \o \0

Vi le)o)

Healed ruptured

plaque

* Narrow lumen D 4 Left

* Fibrous intima < coronary
arteries

/ '

Acute
Myocardial
infarction




High blood levels of the following promotes AS and therefore heart disease:

Low-density lipoproteins (LDLs): Itis “bad cholesterol”.

Very-low-density lipoproteins (VLDLSs)

Chylomicrons

High-density lipoproteins (HDLSs): is known as “good cholesterol”. High levels of HDL
protects against heart attack. Low levels of HDL also increase the risk of heart disease. HDLs

help to reverse the effects of high cholesterol.

. Accumulation of
Ilpgﬁ)rohexns (mainly LDL
with its high cholesterol
content)in the vessel wall
and subtle chronic
endothelial injury

Increased permeability.
leukocyte adhesion, an
thromboticpotential.

Adhesion of blood monocytes andle 7tes to the
endothelium, followed by mi. ion of
monocytes into the intima and fransformation into
macrophages and foam
First step (most important) Adhesion of
Endothelial injury platelets

Endothelium

1

Chronic
endothelial
"injury”:
~ Hyperlipidemia
* Hypertension
* Smoking
* Homocysteine
+ Hemodynamic factors
* Toxins

Fatty streak

Virusss Response to injury
Fatty streaks
¥\ seeninthe 5 Fibrofatty atheroma
" /'] beginning l‘%”-_" \g‘“

Endothelial dysfunction
(e.g., increased permaability, - =
leukocyte adhesion)
Monccyte adhesion
and emigration.

Smooth muscle
proliferation, collagen
and cther ECM 2
deposition, extracellular T
lipid

—A—
Lymphocyte  Collagen

From: Robbins and Cotran
Pathologic Basis of Disease,
8™ Edition

Smooth muscle
recruitment to
intima. Macrophage
activation.

Copyright © 2010 by Saunders, an imprint of Elsevier Inc.

lease of factors from activated platelets,

acrophages, or vascularcells thatcause

gration of éh[_c% from media into the
mnama

Proliferation of smooth muscle
cellsin theintima, and production
of extracellular matrix(e.g. collagen

& proteoglycans).

Enhanced accunulation
of intracellular

macroph and SMCs
(and exgaoeihﬂaﬂy lipid.s).



Stent with Balloon Angioplasty

Build up of cholesterol partially blocking Stent with balloon inserted into partially
blood flow through the artery. blocked artery.

Balloon inflated to expand stent.
P Balloon removed from expanded stent.



ATHEROSCLEROSIS | Risk factors and complications of atherosclerosis

Modifiable risk factors Non-modifiable risk factors
Dyslipidemia Hypertension Tobacco Diabetes Obesity Age Male gender Hereditary
smoking mellitus
« TLDL « T vascular « TLDL e TLDL « T insulin « 1 estrogen
« T modifications permeability « Endothelial glycation resistance mediated
« T intimal LDL . « T hypertension atheroprotection
retention dysfunction « T dyslipidemia =1 HDL
« T LDL binding «TLDL
to SMC

|

Atherosclerosis development and ’

progression

I
Complications
L

A 4 A 4 A 4 Y y

Calcification | Rupture | | Hemorrhage | | En;llzgll-igﬁ:;on | | Aneurysm |
+ A4 + ‘ ; \4 JV

Peripheral "
Renal artery Myocardial Thrombotic
stenosis Angina ‘::I:‘::':." infarction stroke Embolic stroke AAA

Accumulation of lipoprotein -
increase permeability - adhesion of
substances - release factors from
activated platelets - proliferation of
Family history ~ smooth muscle ce||§ in the intima -
Pathogenesis  enhance accumulation

Male gender

. Non modifiable factors CHE
Increasing age Intimal lesions called atheromas
Potentially modifiable factors Major factors Risk factors Definition which protrude into and obstruct
; o / vascular lumens and weaken the
Hypertension Obesity  Minor factors \ underlying media
Alkohol
‘ c—] ‘ SMCs
Diabetes Stess Atherosclerosis

Plaque rupture Macrophages

Lipids

\ Microscopic morphology
Complications

Hemorrhage

Superimposed thrombosis Extra cellular fluid

Weakening of the blood vessel wall
with aneurysmal dilation

Calcifications



1/ Which of the following is a major, Nonmodifiable Risk factors?
A- Hyperlipidemia

B- Cigarette smoking

C- Increasing age

D- diabetes

2/ Which one of the following is not a complication of atherosclerosis?
A- Myocardial infarction

B- Aortic aneurysms

C- Heart failure

D- Hemorrhage

3/ Which of the following is most likely to be the first visible gross evidence for the formation
of an atheroma?

A- Thrombus

B- Fatty streak

C- Calcification

D- Hemorrhage

4/ Which of the following is a major, Potentially controllable Risk factors?
A- Male gender

B- Family history

C- Genetic abnormalities

D- Hypertension

5/ The excess deposition of lipid in the ......... of an artery in Atherosclerosis
A- Intima

B- Media

C- Adventitia



6/ A 66-year-old woman has sudden paralysis of the left side of her body. She has been
smoking a pack of cigarettes daily for the past 45 years. Vital signs: temp: 37.1 C. heart rate
80/minute, respiratory rate 16/minute, and BP 160/100 mm Hg. A cerebral angiogram reveals
occlusion of a branch of her middle cerebral artery. Laboratory findings include a hemoglobin
A1C of 9%. - Which of the following components of blood lipids is most important in
contributing to her disease?

A- Chylomicrons
B- HDL cholesterol
C- Oxidized LDL

D- VLDL

7/ A 49-year-old woman with atherosclerosis came to the clinic. She complained of
experiencing marked pain in her lower extremities on ambulation (moving) for more than 300
meters for the past 5 months. On physical examination, her lower extremities are cool and
pale, without swelling or erythema. No dorsalis pedis or posterior tibial pulses are palpable.
Her body mass index is 32 and she is a smoker. - Which type of atherosclerosis complication is
most likely responsible for these symptoms?

A- Ml
B- Peripheral vascular disease
C- Aortic aneurysms

D- Cerebral stroke

ANSWERS:
1-C
2-C
3-B
4-D
5- A
6-C
7-B
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Kindly contact us if you have any
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' EMAIL: pathology437@umail.com




