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Circulatory System: Atherosclerosis and Peripheral Vascular Disease
-

Atherosclerosis has 2 key pathophysiologic processes:
A. Inflammation:
 It is an inflammatory process, driven by macrophages and lymphocytes. This
is why blood tests such as CRP that reflect inflammatory cytokines are
better predictors of atherosclerotic cardiovascular disease (ASCVD) than
serum cholesterol levels
B. Progression through pathologic stages:
1. Fatty streak
2. Plaque progression
3. Plaque disruption
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Pathophysiology
Endothelial cell damage
LDL insudation
mLDL (modified →DAMP)
Macrophage response
Foamy macrophage
Smooth muscle cell phenotypic switching
Necrosis

Fatty streak
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1. Endothelial dysfunction
 This is the first step in the formation of an atherosclerotic plaque.
 Every risk factor of ASCVD causes injury to the endothelial cell:
• Reactive oxygen species (ROS): cigarettes, diabetes mellitus (DM), high
LDL levels
• Mechanical: loss of protective shear stress (see Circulatory: Structure
and function). Lamellar flow has a protective effect, which is why
atherosclerosis starts in areas with turbulent flow such as bifurcations
(e.g. carotid arteries) or the take-off of major branches (e.g. renal artery
stenosis).
• Barotrauma: hypertension
2. Insudation of LDL
 The damaged endothelium allows the LDL to pass through into the
underlying extracellular matrix (ECM), where it gets trapped by
proteoglycans. Over time the LDL is oxidized.
Insudation (from Latin “sudare”, to sweat): the accumulation of a
fluid in an arterial wall. Compare this to “exudate” where fluid
collects outside of the vessel wall, seen in inflammation and
malignancy.
3. Inflammation
 Oxidized LDL, called modified LDL (mLDL) acts as a damage-associated
molecular pattern (DAMP).
 DAMPs trigger the pattern-recognition receptors (PRR) on resident
macrophages and mast cells, starting the inflammatory response.
 Responding macrophages phagocytize the mLDL through scavenger
receptors(SR-B1) and not LDL receptors. There is also pinocytosis of the
mLDL apolipoprotein with digestion by lysosomes.
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Note that this is also true in
the liver, where plasma LDL
interacts with the LDL
receptor (to apoproteins B
and E), while plasma HDL,
which recovers cholesterol,
interacts with SR-B1 receptor.
The macrophages filled with
cholesterol have a
characteristic cytoplasm and
are called foamy
macrophages.

Plaque formation
• Smooth muscle cells of the tunica media undergo phenotypic switching under
the influence of inflammatory cell cytokines and growth factors (e.g. PDGF, TGFβ). They lose their contractile properties and become secretory. They alter the
ECM and produce the fibrous cap over the plaque.
Plaque disruption
• When the rate of ECM exceeds its synthesis, a necrotic lipid core is formed. This
is the “athero” portion of atherosclerosis (etymology Gr, “athere”, porridge).
• The formation of the plaques disrupts the lamellar flow of the vessel, leading to
further remodeling and pathologic responses to normal physiologic signals. For
example, sympathetic stimulation can lead to vasoconstriction of the coronary
artery. This is the opposite of the usual sympathetic response in the coronary
arteries, in which β > α stimulation, leading to a net effect of vasodilation.
• Stability of a plaque is proportional to the thickness of the fibrous cap.
• Plaques are most commonly disrupted by tearing of the fibrous cap, leading to
thrombosis, or hemorrhage into the necrotic center. This leads to vessel
occlusion.

Pathology of atherosclerotic plaques
-
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Stable plaques
 Fixed, obstructing plaques give symptoms in relation to the degree of stenosis
• These plaques are called stable because they are not prone to thrombosis.
The thick fibrous cap does not tear (i.e. activating platelets) and there is
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little inflammation, which weakens the plaques as the inflammatory cell
enzymes disrupt the extracellular matrix. This enzymatic action leads to
central liquefactive necrosis of the plaque.
o This necrotic material has a gross appearance of porridge, hence its
name, as “atheroma” is Greek for gruel.
o Plaques can hemorrhage into the necrotic center. This also causes
vessel occlusion.
At >70% obstruction, increased demand from exercise exceeds the ability of
arteriolar vasodilation to increase flow, due to the upstream stenosis of the
artery. At >90%, ischemia is present even in the rest state. Tissue undergo
atrophy and necrosis.
The point at which any given stenosis leads to symptoms is called the fixedthreshold angina as the degree of stenosis changes only slowly and patients
know how much activity they can undertake before they get angina.
Demand by the myocardium depends on wall stress, heart rate and
contractility. Although there is no test to estimate of contractility, wall stress
can be estimated by blood pressure. Angina threshold, the point at which
angina occurs, can be predicted by BP X HR, called the double product.
The relationship is not exact as there is unpredictable response to sympathetic
stimulation due to endothelial dysfunction. On the supply side, flow also
depends on the length of obstruction (i.e. Pouiselle’s Law). This variation in flow
leads to variation in symptom onset, called variable-threshold angina, as the
vasospasm varies on any given day.
Stable angina is a model disease of demand ischemia in a stable plaque. The
chest pain is characterized by:
• Induced by exercise and relieved by rest
• Is present longer that 1-2’ (non-specific chest wall pain) but less than 15’ in
duration
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Unstable plaques
 Unstable plaques have a thin fibrous cap that is prone to tearing. This
activates platelets and leads to thrombosis.
 Severe inflammation leads to weakening of the plaque and causes large
areas of necrotic debris. These areas are prone to intraplaque hemorrhage.
 The occlusion of the vessel by unstable plaques is not due to the size of the
plaque but its predilection to thrombosis and hemorrhage.
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The relationship of inflammation and an acute occlusive event is one of the
best predictors of risk.
• C reactive protein (CRP) is an acute phase reactant produced by the liver
in response to IL-6, itself produced by inflammatory cells. CRP levels are
as good a predictor of atherosclerotic cardiovascular disease (ASCVD)
events as serum LDL levels.



•

Dystrophic calcification occurs in areas of degeneration. It occurs in the
areas of vessel wall damage caused by the inflammatory cells. The
presence of this is measured in the coronary artery calcification test.
This is a specialized CT scan and is the best predictor of a patient’s
ASCVD risk.
ASCVD Risk assessment

Calculating the risk of an atherosclerotic cardiovascular event (i.e. CAD, stroke/TIA, aortic
aneurysm and PVD) can be made by using the risk factors of:
-

(+) family history
Hypertension
Hyperlipidemia
Diabetes mellitus
Cigarette smoking
Chronic kidney disease
Obesity

These are adjusted for age and the result used to guide the need for aggressiveness of
therapy. While there is variation between centers, a common standard for risk is:
-
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Low risk …………….<5% chance of an event over 10 years
High risk…………….> 20% chance of an event over 10 years
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The clinical presentation of unstable plaques is not related to the size of the
plaque but thrombosis over the plaque or hemorrhage into the plaque.
Symptoms are not related to myocardial demand
Acute occlusion of the coronary artery is a model disease for unstable
plaque. This presents as chest pain (i.e. angina):
• Unrelated to exercise or rest
• Duration longer than 20 minutes and often progressive
Acute Coronary Syndrome
The family of acute coronary artery occlusion in unstable plaques is
called acute coronary syndrome (ACS). ACS is further classified by the
presence or absence of necrosis and the extent of the necrosis
(subendocardial or transmural)

Clinical pathologic correlation of arterial disease:
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Peripheral vascular disease (PVD)
Introduction:
-

There is no consensus definition of the term PVD. The most precise usage would be
disease of any blood vessel other than those of the heart. If the heart is also involved,
then the patient is described as having cardiovascular disease.
• Some authors use the term PVD for all atherosclerotic disease, so this would
include both aorta, cost commonly abdominal aortic aneurysms (AAA) and
arteries, especially heart, carotids, renal and femoral/popliteal arteries.
• Many surgeons used PVD as a synonym for peripheral artery disease (PAD),
which is atherosclerosis of the limbs, particularly the legs.

Atherosclerotic risk factors
A. Non-modifiable (aka constitutional)
 Hereditary:
• The most important risk factor.
• It is usually polygenic and related to other hereditable risk factors such
as hypertension and diabetes mellitus.
• Secondary risk factors include inflammation. For example, the
commonest cause of death in rheumatoid arthritis is coronary artery
disease. The mechanism is not well understood.
• While only a small proportion of patients have Mendelian inheritance,
autosomal dominant familial hypercholesterolemia is due to LDL
receptor mutations and is one of the most underdiagnosed conditions in
the US.
 Increasing age:
• Although atherosclerosis may be present in adolescence, seen as a fatty
streak, it does not manifest until middle age (40-60 years).
• There is a near linear increase in atherosclerotic vascular disease with
age >50 years.
 Gender:
• Females have a lower risk of atherosclerosis, presumedly due to the
protective effects of estrogen. Estrogen is only protective when present
in younger women.
• Female rate of risk rises similarly to that of the male after menopause.
Note that the risk of organ disease varies by organ. There is more heart
disease in males. There is more cerebrovascular heart disease in females
after age 80 years. This may be a survivor effect, as females live longer
than males.
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B. Modifiable risk factors
 Hyperlipidemia
• Hypercholesterolemia alone is sufficient to start atherosclerosis.
• Elevated low density lipoprotein cholesterol (LDL) is atherogenic and
high density lipoprotein cholesterol (HDL) is protective.
• Metabolic syndrome is characterized by:
b. Abdominal wall fat
c. Insulin resistance
d. hypertension
e. ↑triglycerides, ↓HDL
 For years, the risk of atherosclerosis was felt to be due to the low
HDL level. It is now felt that the atherosclerosis is due to
triglyceride-rich lipoprotein remnants (TGRL) and therapy has
shifted from trying to raise the HDL level to lowering triglyceride
levels.
 Hypertension (see Circulatory system: Hypertension)
 Cigarette smoking
• An independent variable, cigarette smoke accelerates atherosclerotic
disease both by the sympathomimetic effect of nicotine and endothelial
dysfunction from CO and other toxins in the smoke.
• Smoking is multiplicative with other risk factors.

9
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• Smoking is prothrombotic.
Diabetes mellitus (DM)
• DM accelerates atherosclerosis by complex mechanisms endothelial
dysfunction, vascular smooth muscle alteration of extracellular matrix
(ECM) and cytokines from inflammatory cells.
• DM is a prothrombotic state
Inflammation
• Presentation at all stages of progression, inflammation is intimately
linked to plaque formation and rupture.
• Markers of systemic inflammation like C reactive protein CRP) can be
used for risk stratification and are more predictive than cholesterol
levels.
Hyperhomocysteinemia
• An independent variable, hyperhomocysteinemia is most commonly
seen as an inborn error of metabolism.
• Hyperhomocysteinemia may be acquired with low levels of Vitamin B12.

Peripheral artery disease (PAD)
-

10

Definition: typically, PAD refers to atherosclerosis of the leg.
Epidemiology:
- PAD has the same risk profile as atherosclerosis in any artery
Presentation:
- Symptoms: pain
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The level of pain roughly correlates to the anatomy of the stenosis:

Intermittent claudication:
• This is a demand ischemia, seen when the plaque stenosis is >70% of the
lumen.
• Symptoms include pain of loss of function that resolves with rest.
Physical examination:
 Ankle : brachial index (ABI):
• A blood pressure ratio <0.9 is characteristic of obstruction.
 Increasing stenosis has increasingly severe findings
a. Claudication: Exercise testing may be necessary to reveal symptoms of
claudication when the stenosis is <50%.
b. Tissue loss:
i. Skin is cool, with poor reperfusion after pressure.
ii. With chronic occlusion >90%, skin is shiny and thin with loss of
leg hair
iii. With leg raising, the skin becomes pale (it stays pink with normal
perfusion)
c. Necrosis:
i. This starts with ulceration of the tips of the toes and progresses
to gangrene.


-
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Acute limb ischemia (“Critical” limb)
-

Onset of symptoms (e.g. pain, paresthesias) and signs (coolness, loss
of pulses) in <2 weeks is considered acute disease.
While usually thromboembolic in origin (e.g. atrial fibrillation), it can
occur with plaque rupture.
There is a high risk of limb loss and the event is life-threatening.
Revascularization is indicated.

-

-

Testing:
 Diagnosis is based on history and physical examination. Vascular
studies are not usually indicated.
 PAD is part of the systemic process of atherosclerosis and other at
risk arteries should be evaluated (especially the coronary, carotid ad
renal arteries).
Pathophysiology
- PAD has the same pathology of atherosclerosis as any other artery.
- It is useful to compare the clinical pathologic correlation of stable and
unstable plaques in the four arteries most commonly involved:

Pathology

Clinical syndrome
Coronary artery Carotid
Stable angina
None

Renal
none

PAD1
Intermittent claudication

Stable plaque
>70%
Stable plaque Pain at rest
None2
Renal
Tissue loss
>90%
(cardiac cripple)
atrophy
Unstable
ACS3
Ischemic Renal
Acute limb ischemia
plaque
stroke
necrosis
1. Peripheral artery disease, 2. Assuming an intact Circle of Willis, 3. Acute coronary
syndrome
-
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note that the following clinical syndromes have the same underlying
pathophysiology:
o Stable angina and intermittent claudication = stable plaque
o Ischemic stroke and ACS = rupture of an unstable plaque
o Brain has no demand ischemia 9even when you are studying).
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o Renal ischemia tends to be asymptomatic.
Natural history:
-

-

Claudication:
o Most patients are stable, especially if they stop smoking.
o Initial treatment is lifestyle alteration (i.e. exercise, diet, smoking
cessation etc.) and risk factors for atherosclerosis (anti-hypertensives,
lipid-lowering and anti-platelet).
o Cilostazol (phosphodiesterase type 3 inhibiter)
o Surgical intervention can be considered if medical treatment fails and
there is significant impairment of the quality of life. Surgery carries a
significant risk of failure and limb loss.
Chronic limb-threatening ischemia:
o This is characterized by pain at rest and/or necrosis (ulceration and
gangrene).
o Testing shows an ankle-brachial index (ABI) ratio < 0.4.
o Bypass grafting is the gold standard, but endovascular procedures are
rapidly improving and are currently the first choice for single, short
occlusions.

Degenerative diseases of the aorta
-
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Segments of the aorta
- There are 4 segments of the aorta, each with its own pathophysiology.
 Aortic root:
• Encompassing the aortic valve leaflets, this region has the common end
pathway of aortic valve dilation. this is most commonly associated with
aneurysms of the ascending aorta
• Diseases include bicuspid aortic valve, the hereditary connective
diseases (e.g. Marfan syndrome, Ehlers-Danlos syndrome) and aortic
calcification.
 Ascending aorta:
• Pathology of aneurysm is seen in 2 different pathophysiologies
 Inflammatory (vasculitis)
 Takayasu aortitis / temporal arteritis
 Syphilis (inflammation of the vasa vasorum, not aortic wall
itself)
 Cystic medial degeneration
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Hypertension (30%)
Congenital (i.e. bicuspid aortic valve) (25%): this is not flow
related
Hereditary (10%)(e.g. Marfan syndrome, Ehlers-Danlos)
Idiopathic (30%)



 Aortic arch:
 This does not have any unique pathologies but is significant
because it is the takeoff of the carotid arteries with their critical
blood supply to the brain.
 Thoracoabdominal aorta
 Fatty streaks, the first manifestation of atherosclerosis, are first
seen in the abdominal aorta.
 Aneurysm formation is atherosclerotic in origin, most commonly
seen below the renal arteries.
Pathology of ascending aorta is cystic medial degeneration. This is prone to
dissection. Pathology of the abdominal aorta is atherosclerosis. These are prone
to rupture.
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Thoracic aortic aneurysm
-

-

-
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Definition: true aneurysms involve the full thickness of the vessel wall and have a
dilation that is >50% of the normal vessel diameter (for the ascending aorta, normal
range is 3.0-3.5 cm), aneurysmal dilation starts at 4.5 cm)
- A false aneurysm (aka pseudoaneurysm) is a contained collection of blood
outside of the vessel wall. It is usually due to a prior rupture.
Epidemiology:
- Age > 65 years:
 Degenerative risk factors parallel those of atherosclerosis, the most
important of which is hypertension.
 Aortitis is seen in temporal arteritis in this age group.
- Age < 60 years:
 Hereditable diseases such as Marfan syndrome and Ehlers-Danlos
syndrome.
 Aortitis is seen in Takayasu aortitis.
- Prevalence: this is difficult to assess as most aneurysms are asymptomatic. Most
patients die with their aneurysms and only occasionally die of them.
Presentation:
- Symptoms:
 Pain: ascending aortic aneurysms tend to be large before they become
symptomatic. The commonest symptom is pain from rupture or dissection.
Dissection is described as a “tearing pain” that may radiate into the back.
• Rupture is usually catastrophic. Rupture into the pericardium causes
tamponade.
• Involvement of the branches of the aortic arch can involve the arms or
the CNS.
• Involvement of the aortic root can lead to aortic regurgitation (CHF) or
occlusion of the coronary arteries (angina).
- Physical exam: look for differences in pulse rate or pressure between brachial
and carotid arteries ( i.e. if one is cut off by dissection).
- Testing:
 Diagnosis is made by imaging which shows the aneurysm (↑diameter >50%.
The ascending aorta ~3 cm in diameter, so > 4.5 cm) and the dissection
(double lumen).
 D-dimer: there is enough clotting in the typical dissection that a low Ddimer level rules out the diagnosis.

© 2020, ClinicoPath LLC. All rights reserved.

www.MedicalSchoolCompanion.org

16

-

Pathophysiology:
- Degenerative versus genetic:
 Elderly: degenerative, associated with the same risks as atherosclerosis,
hypertension is the most important
 Young adult: genetic, associated with Marfan syndrome (fibrillin) and EhlersDanlos (Type III collagen, vascular
variant)
- Pathology: cystic medial degeneration
 Breakdown of the extracellular matrix
leads to loss of integrity of the medial
smooth muscles which are replaced
by amorphous degenerative
mucopolysaccharides.
 The weakened wall progressive
dilates, with aneurysm formation.
 Intimal tears lead to dissection or
rupture.

-

Natural history
- Treatment:
 Aneurysm formation:
• Dilation is progressive over years.
• Risk of rupture depends upon the size of the aneurysm.
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When >6cm, annual rupture rate goes to 7%/year and surgical treatment
is indicated.
 Dissection:
• Treatment depends upon the location and extent of the dissection.
• When a presumptive diagnosis of dissection can be made (tearing chest
pain, symmetric pulses, widened mediastinum on chest X-ray), IV βblockers are indicted while waiting for diagnostic imaging or surgery.
• Stanford system (replaces the DeBakey system)
 Type A: ascending and aortic arch: emergency surgery
 Type B: medical treatment
• Surgery consists of tethering the intimal flap back to the wall of the
aorta or replacing the whole aortic segment.
Prognosis
 Type A: 20% surgical mortality
 Type B: 75% 5 year survival.
•

-

Abdominal aortic aneurysm (AAA)
-

-

-

-
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Definition:
- AAA is the most common arterial aneurysm
- True aneurysms involve all the layers of the vessel wall
- > 3.0 cm in diameter (>50% of normal vessel diameter).
Epidemiology:
- 4-8% of men >50 years old (about 1 million men in the US!)
- Rupture and death = 7000/ year in 2010
Presentation
- Symptoms:
 Asymptomatic: this is the majority of patients, with the AAA found by
screening or as an incidental finding
 Symptomatic: usually associated with rupture but may come from pressure
on an adjacent structure is the aneurysm growth is rapid.
- Physical examination:
 Pulsatile mass (found in 50% when AAA > 6 cm)
 Bruit
- Testing:
 Imaging:
• Asymptomatic: US >99% when diameter >3cm.
• Symptomatic: CT scan is used to diagnose rupture
 Identifies breaks in the vessel wall and extravasated blood
 Visualization of the anatomy allows for planning for surgery.
Pathophysiology:
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Due to atherosclerosis in >95% of cases in the US
Risk factors: smoking > male gender > age >50 years.
 Smoking is such a powerful risk factor that screening for AAA is
recommended for all smokers >65 years old.
- Most AAA occur between the renal arteries and inferior mesenteric arteries.
Natural history:
- AAA have progressive enlargement, but the rate is variable. Smokers have the
most rapid rates.
- Treatment is based on diameter:
 < 5.5 cm is managed medically (altering life-style and risk factors)
 >5.5 cm undergoes surgery (open or endovascular)
 Symptomatic AAA is a surgical emergency.
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Circulatory System: Atherosclerosis and Peripheral Vascular Disease
Do You Know It?
1. Describe the pathophysiology of atherosclerotic progression from fatty streak > plaque >
plaque disruption.

2. How is the risk of atherosclerotic cardiovascular risk determined? What is a coronary
artery calcification (CAC) scan?

3. What is the difference between a stable and an unstable plaque? Describe their clinical
pathologic correlation in cardiac ischemia.

4. Describe the major modifiable and non-modifiable risk factor for atherosclerosis.

5. What is the best test in the initial evaluation of peripheral artery disease?

6. Describe the physical examination of the leg in someone with an ABI < 0.9.

7. Fill in the blanks in the table:
Pathology
Stable plaque
>70%
Stable plaque
>90%
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Clinical syndrome
Coronary artery Carotid
None

Renal
none

PAD1

Pain at rest
(cardiac cripple)

Renal
atrophy

Tissue loss

None2
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Unstable
plaque

Renal
Acute limb ischemia
necrosis

8. Compare and contrast the pathophysiology of aneurysms of the ascending aorta versus
the descending aorta.

9. Describe the following for a ruptured ascending aorta aneurysm:
a. Symptoms
b. Physical exam if
i. >65 years old
ii. 35 years old
c. D-dimer
d. CT scan

10. Describe the following for a ruptured abdominal aortic aneurysm:
a. Symptoms
b. Physical examination
c. Imaging
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