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ARTERIOSCLEROSIS
• All conditions associated with thickening & hardening of arterial walls 

• Senile Arteriosclerosis(arteries)
• Hypertensive arteriolosclerosis(arterioles)
• Monkebergs arteriolosclerosis(Medial calcific sclerosis- arteries)

•Atherosclerosis (arteries)



SENILE ARTERIOSCLEROSIS

• Thickening of media & interna due to ageing
• Induced by stress & strain on vessel walls – involves all vessels

• Fibroelastosis- increased elastic & collagen tissue in intima & media
• Elastic Reduplication- splitting of the internal elastic lamina



HYPERTENSIVE ARTERIOLOSCLEROSIS

• Vascular diseases affecting the arterioles & small muscular arteries
3 types

• Hyaline Arteriolosclerosis
• Hyperplastic/ Proliferative Arteriolosclerosis
• Necrotising arteriolitis



HYPERTENSIVE ARTERIOLOSCLEROSIS

• Vascular diseases affecting the arterioles & small muscular arteries



MONCKEBERGS ARTERIOSCLEROSIS
Medial Calcific Sclerosis

• Calcification of media of large & medium sized arteries 
• Chiefly of the extremities & genital tract 
• > 50 yrs age

• Usually physiologic.. No clinical significance
• Excessive medial calcification in pathologic states like 

Pseudoxanthoma elasticum & idiopathic arterial calcification of 
Kidney



ATHEROSCLEROSIS

• Thickening & Hardening of large & medium sized muscular arteries , primarily due 
to involvement of tunica intima 
• Characterised by fibrofatty plaques or Artheroma
• Most common & Important Arterial Disease
• Most commonly affects the Aorta, Coronaries & Cerebral arteries

• Associated with 
- Mechanical obstruction of flow 
- Plaque rupture
- Weakening of vessel wall leading to aneurysm formation 



ATHEROSCLEROSIS- Risk Factors

Major Risk Factors (Modifiable)
Constitutional (Non Modifiable)
Non traditional emerging Methods



ATHEROSCLEROSIS- Major Risk Factors
(Modifiable by lifestyle)

• High blood pressure
• Dyslipidemia (High LDL, High HDL , Cholesterol)
• Diabetes Mellitus
• Obesity
• Smoking and other tobacco use
• A family history of early heart disease
• Lack of exercise
• An unhealthy diet



ATHEROSCLEROSIS- Major Risk Factors
Hypertension
●Strong link between IHD and high systolic/diastolic blood pressure
●Mechanism uncertain
●? endothelial damage caused by raised pressure



ATHEROSCLEROSIS- Pathogenesis
Hypertension



ATHEROSCLEROSIS- Major Risk Factors
Diabetes Mellitus
●DM doubles IHD risk
●Protective effect in premenopausal women lost
●DM also associated with high risk of cerebrovascular and peripheral 

vascular disease
●?related to hyperlipidaemia and hypertension



ATHEROSCLEROSIS- Major Risk Factors 
Cigarette Smoking
●Powerful risk factor for IHD
●Risk falls after giving up 
●Mode of action uncertain

◆ coagulation system
◆ reduced PGI2
◆ increased platelet aggregation



ATHEROSCLEROSIS- Major Risk Factors 
Alcohol Consumption
●>5 units /day associated with increased risk of IHD
●Alcohol consumption often associated with other risk factors eg 

smoking and high BP but still an independent risk factor
●Smaller amounts of alcohol may be protective



ATHEROSCLEROSIS- Major Risk Factors 
Infection
●Chlamydia pneumoniae
●Helicobacter pylori
●Cytomegalovirus



ATHEROSCLEROSIS- Risk Factors
Non Modifiable

• Age ; Increases with age (> 40 yrs )
• Sex; Earlier  in Men (M> 45 yrs F > 55yrs)
• Genetic Factors :Hereditary Disorders
• Familial & Racial Factors: Familial Hypercholestrolemias & other 

familial disorders like DM & Hypertention



ATHEROSCLEROSIS- Risk Factors

●Age
● slowly progressive throughout adult life
● risk factors operate over years
● 5 fold increase is seen in the incidence b/w 40-60 years of age.

●Gender
●women protected relatively before menopause
●presumed hormonal basis



ATHEROSCLEROSIS- Risk Factors
Familial

●Familial predisposition well known
●Genetically determined abnormalities of lipoproteins
●Lead to early development of atheroma

●Possibly due to
● variations in apolipoprotein metabolism
● variations in apolipoprotein receptors

●Associated physical signs
● Arcus (peripheral corneal opacity; 
deposition of cholesterol & Phospholipids)
● tendon xanthomas
● xanthelasma



ATHEROSCLEROSIS- Non Traditional Emerging 
Factors

• Environmental Influences
• Oestrogen Hormone
• Stressful Behaviour
• Hyperhomocysteinemia
• Homocystinuria
• Prothrombotic Factors 
• Infectious Burden 
• Excessive Alcohol Consumption
• Biomarkers for risk assessment 



ATHEROSCLEROSIS- Risk Factors & 
Pathogenesis



Lipoproteins & Atherosclerosis
●Chylomicrons

● transport lipid from intestine 
to liver

●VLDL
● carry cholesterol and TG from 

liver
● TG removed leaving LDL

●LDL
● rich in cholesterol
● carry cholesterol to non-

liver cells
●HDL

● carry cholesterol from 
periphery back to liver



Lipoproteins & Atherosclerosis

●High plasma cholesterol associated with atheroma

●LDL most significant

●HDL protective



Lipoproteins & Atherosclerosis

• Elevated levels of LDL cholesterol and apolipoprotein B (apoB) 100, the 
main structural protein of LDL - associated with risk for atherosclerotic 
cardiovascular events (ASCVE).

• HDL, apoA-I, and endogenous apoE prevent inflammation and oxidative 
stress and promote cholesterol efflux to reduce lesion formation. 



Atherosclerosis and Apolipoprotein E

●Genetic variations in Apo E are associated with changes in LDL levels

●Polymorphisms of the genes involved lead to at least 6 Apo E 
phenotypes

●Polymorphisms can be used as risk markers for atheroma



ATHEROSCLEROSIS- Role of Lipoproteins 

• Native LDL is not taken up by 
macrophages in vitro : has to be modified 
to promote foam cell formation. 

• Oxidative modification converts LDL into 
atherogenic particles that initiate 
inflammatory responses. 



Lipids & Atherosclerosis

LP class Sites of
Synthesis

Normal 
Serum 
Levels

Role in 
Ath

HDL Liver, 
Intestine

> 50mg/dl Protective

LDL Liver < 100 
mg/dl

Maximum

VLDL Intestine 
Liver

< 150 
mg/dl

Less 
Marked

Total 
Cholesterol

Liver
Intestine

<  00 
mg/dl

Maximum

Chylomicron Liver, 
Intestine  
Macrophage

- Indirect



Lipoproteins & Atherosclerosis

• Infiltration and retention of apoB containing 
lipoproteins in the artery wall i- critical

• Endothelial dysfunction following Arterial injury 

• Infiltration of monocytes into the subendothelial 
space.

• Foam cell formation following  Internalization of 
the apoB containing lipoproteins by macrophages 
- hallmark of the fatty streak phase of 
atherosclerosis. 



Lipoproteins & Atherosclerosis- Initiation

• Infiltration and retention of 
apoB containing lipoproteins in 
the artery wall i- critical

• Endothelial dysfunction 
following Arterial injury 

• Infiltration of monocytes into 
the subendothelial space.



ATHEROSCLEROSIS- Pathogenesis

Foam cell formation following  
Internalization of the apoB
containing lipoproteins by 
macrophages - hallmark of 

the fatty streak phase of 
atherosclerosis. 



Lipoproteins & Atherosclerosis- Progression

• Uptake and accumulation of 
oxidatively modified LDL (oxLDL) by 
macrophages initiates wide range 
of bioactivities causing the  
development of atherosclerotic 
lesions. 

• Macrophage inflammation results 
in enhanced oxidative stress and 
cytokine/chemokine secretion, 
causing more LDL/remnant 
oxidation, endothelial cell 
activation, monocyte recruitment, 
and foam cell formation.



Lipoproteins & Atherosclerosis- Progression

• Macrophage inflammatory 
chemoattractants stimulate infiltration and 
proliferation of smooth muscle cells. 

• Smooth muscle cells produce the 
extracellular matrix providing a stable 
fibrous barrier between plaque 
prothrombotic factors and platelets. 



Atherosclerosis - The Cells Involved

●Endothelial cells
●Platelets
●Smooth muscle cells
●Macrophages
●Lymphocytes
●Neutrophils



Atherosclerosis – Roles of cells involved 
Endothelial Cells
●Key role in haemostasis
●Altered permeability to lipoproteins
●Secretion of collagen
●Stimulation of proliferation and migration of smooth muscle cells



Atherosclerosis – Roles of cells involved
Platelets & Smooth muscle cells

Platelets

●Key role in haemostasis

●Stimulate proliferation and migration of smooth muscle cells (PDGF)

Smooth Muscle Cells 

●Take up LDL and other lipid to become foam cells

●Synthesise collagen and proteoglycans.Key role in haemostasis



Atherosclerosis – Roles of cells involved

Neutrophils
● Secrete proteases leading to continued local damage and inflammation

Lymphocytes
● TNF may affect lipoprotein metabolism
● Stimulate proliferation and migration of smooth muscle cells

Macrophages
●Oxidise LDL
● Take up lipids to become foam cells
● Secrete proteases which modify matrix
● Stimulate proliferation and migration of smooth muscle cells



ATHEROSCLEROSIS- Pathogenesis
Various Theories

• Insudation Hypothesis/ Response to injury Hypothesis (Virchow)– Most 
widely accepted

• Encrustation Hypothesis- (Rokitansky ) – Atheroma & Thrombosis

• Monoclonal Theory- (Benditt)- Association with neoplastic proliferation 
of SMC

All incorporated into a single Theory- Response to injury Hypothesis



ATHEROSCLEROSIS- Pathogenesis
Thrombogenic Theory

●1852 Karl Rokitansky
●plaques formed by repeated 

thrombi
● lipid derived from thrombi
●overlying fibrous cap



ATHEROSCLEROSIS- Pathogenesis
Insudation Theory

●1856 Rudolf Virchow
● endothelial injury
● inflammation
● increased permeability to 

lipid from plasma



ATHEROSCLEROSIS- Pathogenesis
The Monoclonal Hypothesis

●Benditt and Benditt
● crucial role for smooth muscle proliferation
● each plaque is monoclonal
●might represent abnormal growth control
● is each plaque a benign tumour?
● could atheroma have a viral aetiology?



ATHEROSCLEROSIS- Pathogenesis
Reaction to Injury Hypothesis

●1972 Ross and Glomset

◆ Plaques form in response to endothelial injury
◆Hypercholesterolaemia leads to endothelial damage in experimental animals
◆ Injury increases permeability and allows platelet adhesion
◆Monocytes penetrate endothelium
◆ Smooth muscle cells proliferate and migrate

●1986 Ross
● Endothelial injury may be very subtle and be undetectable visually
● LDL, especially oxidised, may damage endothelium



ATHEROSCLEROSIS- Pathogenesis
A Unifying Hypothesis
●Endothelial injury due to

● raised LDL
● ‘toxins’ eg cigarette smoke
● hypertension
● haemodynamic stress

●Endothelial injury causes
● platelet adhesion, PDGF release, SMC proliferation and migration
● insudation of lipid, LDL oxidation, uptake of lipid by SMC and macrophages
● migration of monocytes into intima

●Stimulated SMC produce matrix material
●Foam cells secrete cytokines causing

● further SMC stimulation
● recruitment of other inflammatory cells



ATHEROSCLEROSIS- Pathogenesis



ATHEROSCLEROSIS- Morphology

●Fatty streak
●Simple/ Atheromatous  plaque
●Complicated plaque



ATHEROSCLEROSIS- Morphology
Initiation



ATHEROSCLEROSIS- Morphology
Early Lesions



ATHEROSCLEROSIS- Morphology
Early Lesions

Fatty Streaks/Gelatinous Lesions 
• Lipid Deposit in Intima
• Yellow, Slightly raised
• Can be seen in Aortas of infants < 1 year 
• Possible precursors of Atheromas



ATHEROSCLEROSIS- Early Lesions
●Early changes

●proliferation of smooth 
muscle cells

● accumulation of foam cells
● extracellular lipid



MORPHOLOGY

• Raised focal lesion in the intima which impinge on the lumen.

• Soft, yellow, grumous core of lipid (mainly cholesterol & cholesterol esters) 
covered by firm fibrous cap.

• Size; 0.3-1.5 cm- may coalese to form larger masses.

• Involvement mainly eccentric around the vessel wall.

• Initially focal/ sparse- may become more numerous & diffuse.



ATHEROMATOUS PLAQUES

• Superficial fibrous cap - Comprising of SMC & 
collagen. Beneath & to the side (shoulder) is a 
cellular area comprising of macrophages, 
smooth muscle cells & T- lymphocytes.

• Necrotic core- (Lying deep to the fibrous cap) 
comprising of lipids (Cholesterol & Cholesterol 
esters), clefts containing cholesterol, debris 
from dead cells, foam cells, fibrin, variably 
organized thrombus & plasma proteins.

• Periphery- shows evidence of 
neovascularisation.

• Foam cells- These are large lipid laden cells 
derived from blood monocytes. SMC may also 
imbibe lipid to form foam cells.



ATHEROSCLEROSIS- Morphology
Typical Plaque



ATHEROMATOUS PLAQUES



ATHEROMATOUS PLAQUES-Cholesterol clefts



ATHEROMATOUS PLAQUES Foam cells



CLASSIFICATION OF HUMAN ATHEROSCLEROTIC 
LESIONS

• Type 1- (Initial lesion) Isolated macrophage foam cells

• Type 2- (Fatty streak) Mainly intracellular lipid deposition.

• Type 3 - (Intermediate lesion) Type 2+ extracellular lipid pools

• Type 4 -(Atheroma) Type 2 + core of lipid

• Type 5-(Fibroatheroma) lipid core & fibrotic layers.

• Type 6 -(Complicated lesion) Surface defect, hematoma, Haemorrhage,Thrombus.



Atheroma - The Simple Plaque

●Raised yellow/white
●Irregular outline
●Widely distributed
●Enlarge and coalesce



ATHEROSCLEROSIS- Plaque Morphology



ATHEROSCLEROSIS- Morphology
Advanced Lesion



Atheroma - The Complicated Plaque

●Thrombosis
●Haemorrhage into plaque
●Calcification
●Aneurysm formation



Vulnerable Plaque - Morphology



ACUTE PLAQUE CHANGES

Acute coronary syndromes precipitated by abrupt 
changes in plaque followed by thrombosis.

Acute changes in plaque morphology include
• Fissuring
• H’ge into the plaque.
• Plaque rupture with embolisation of atheromatous debris into coronary vessels.
• Local plaque disruption -Increased risk of platelet aggregation & thrombosis.



DYNAMIC INSTABILITY OF PLAQUES

Distrupted plaques
• Eccentric (not uniform around the vessel circumference.)
• Large, soft core of necrotic debris and lipid.
• Thin, fibrous cap.
• Rich in macrophages & Tcells.
(Macrophages :-Secrete metalloproteinases which secrete collagen.
• (T-cells :- Activate macrophages) 



DYNAMIC INSTABILITY OF PLAQUES

Hemodynamic Trauma
• Plaque tend to fissure at the function of fibrous cap and plaque free 

vessel wall; site where mechanical stresses induced by blood flow are 
maximal.

• Repeated “Silent” ruptures and thrombosis followed by organization 
plays an important role in the progression of atherosclerosis.



ATHEROSCLEROSIS- Morphology
Complicated Lesions

• Rupture , Ulcerartion or 
Erosion of Luminal Surface

• Plaque superimposed with 
Thrombus

• Calcification
• Aneurysm



Atheroma - Common Sites

●Aorta - especially abdominal
●Coronary arteries
●Carotid arteries
●Cerebral arteries
●Leg arteries



DISTRIBUTION OF LESIONS (order of frequency)

• Lower abdominal Aorta(  around osla of major branches)

• Coronary arteries

• Popliteal arteries

• Internal carotid arteries

• Vessels around the circle of willis
-Vessels of upper extremity are usually spared
-Renal/Mesentric vessels are involved at the ostia



ATHEROSCLEROSIS-
Clinical significance

Small arteries
• Atheromas may occlude lumen & compromise blood flow leading to 

ischemic injury.
• Plaque disruption & thrombosis causes obstruction.

Large arteries
• Destructive plaque with encroachment of media causes weakening of 

wall with the development of aneurysms.
• Systemic embolization may result from friable atheromas.



ATHEROSCLEROSIS- Clinical Effects 

Heart – Coronary Artery Disease
Brain – Stroke
Aorta- Aneurysm
Kidney- Failure
Intestine – Ischemia
Lower Extremities – Gangrene 



ATHEROSCLEROSIS- Clinical Syndromes

Heart- Angina or Myocardial Infarcts or Heart Attacks, CHID

Brain- Transient Cerebral Ischemia / Cerebral Infarcts/ Strokes

Peripheral Arteries – Peripheral arterial Disease, Mesenteric arterial 
occlusion



Atheroma - Coronary Artery



Atheroma - Clinical Effects

●Ischaemic heart disease
● sudden death
●myocardial infarction
● angina pectoris
● arrhythmias
● cardiac failure



Atheroma – myocardial infarction



Atheroma – myocardial infarction



Atheroma - Clinical Effects

●Cerebral ischaemia
● transient ischaemic attack
● cerebral infarction (stroke)
●multi-infarct dementia



Atheroma - Clinical Effects

●Mesenteric ischaemia
● ischaemic colitis
●malabsorption
● intestinal infarction



Atheroma - Clinical Effects

●Peripheral vascular disease
● intermittent claudication
● Leriche syndrome
● ischaemic rest pain
● gangrene



Atheroma – Abdominal Aortic Aneurysm



PREVENTION

Primary Prevention
• Delaying Atheroma formation
• Regression of established lesions

• Cessation of smoking
• Control of Hypertension
• Weight reduction/ Increased exercise
• Diet Modification

Secondary Prevention
• Programs intended to prevent recurrence

• Use of lipid lowering drugs
• Use of antiplatelet drugs



THANK YOU 


