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Circulatory system: Structure and function
Overview
-

The circulatory system should be clinically classified as:
o Arterial:
 Elastic (>1 cm):
• Ascending aorta
• Abdominal aorta
 Muscular arteries (>1 mm, named)
 Small (arterioles, >10 um)
o Capillaries

Macrovascular

Microvascular

o Veins
Clinical Pathologic Correlation of Macrovascular disease
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B

Artery
Elastic
Ascending aorta
Abdominal aorta
Muscular
Coronary
Internal carotid
Renal
Femoral/popliteal

Clinical-pathologic correlation
Aneurysm: chest pain
Aneurysm: abdominal pain
Plaque: chest pain
Plaque: ischemic stroke
Plaque: hypertension
Plaque: claudication
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Key sites of large artery disease
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Key sites of small artery / arteriolar disease

Vessel Pathology
Disease
Radial Hyaline
Chronic
artery arteriolosclerosis renal failure
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Clinical Pathologic Correlation of Microvascular disease
-

-

-

“Microvascular” does not refer to a specific blood vessel. It is a clinical-pathological term
that is used for the triad of disease found in hyperglycemia that includes retinopathy,
glomerulopathy and neuropathy.
o The pathology involves all organs but these 3 organs have well-defined criteria
for diagnosis and progression.
o The pathology occurs at the level of vessels that regulate local circulation.
Damage is due to hyperglycemia:
o Polyol pathway accumulation of sorbitol with osmotic injury
o Advanced glycosylation end-products (AGE)
o Reactive oxygen species (ROS).
Involved vessels include capillaries and the smaller arterioles. Damage occurs in
endothelial cells, basement membrane and pericytes.

Structure of a model artery
-

-

3

the closer an artery is to the heart, the higher the elastic content. This allows for the
necessary stretch for the systolic bolus of the stroke volume. As the vessels get further
from the heart, there is a relative increase in smooth muscles, which allow for regional
and local control of blood flow.
The layers of the heart, from inside out are:
o Intima: delimited by the internal
elastic membrane (IEM) it includes
the endothelium, basement
membrane and the subendothelial
connective tissue and extracellular
matrix (ECM).
 Regulates local vasodilation and
constriction and other
endothelial functions.
o Media: between the IEM and the
external elastic membrane (EEM), it
is mostly smooth muscle cells, which
regulate the ECM mixture of elastin
and collagen.
 Site of regional vasodilation and
constriction
o Adventitia: a loose connective tissue layer
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There are no sharp transitions between the different sizes of arteries.
o For comparison, a typical sewing thread is ~35 um, an RBC is 7 um.
Anatomical name
Aorta
Named1
Arteriole

Size
> 1 cm
> 1 mm
> 10 um

Key feature
Elastic
Muscular
Small

Architecture
MLUs2; collagen mesh
IEM3, ~40 smooth muscle layer
No IEM, 1-10 smooth muscle
layer

1. Coronary, carotid, renal, ileofemoral etc., 2. Medial lamellar units, 3. Internal elastic
membrane

Aorta
Structure
-

-
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The aorta is best divided into four segments, each with its own structure
and pathology:
o Aortic root
o Ascending aorta
o Aortic arch
o Descending aorta (aka thoracoabdominal)
Aortic root:
o The aortic root bridges the cardiac skeleton (i.e. annulus fibrosis)
and the arterial wall of the ascending aorta. Abnormalities of
valve formation are commonly associated with other
abnormalities of the proximal aorta.
 The attachment of the semilunar aortic valves leaflets is the
site of transition to the fibroelastic wall.
 The various layers and attachments becomes important in
aortic valve replacement.
o The root has a complex embryology and is composed of multiple
cell lineages, including the neural crest, endocardial cushions and
the mesodermal mesenchyma.
o Pathology:
 Congenital: bicuspid aortic valve
• Seen in 1-2% of children, commoner in males
• Associated with
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-
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o Congenital: Coarctation, Turner syndrome, patent ductus
arteriosus
o Adult: ascending aortic aneurysm.

Acquired:
• Aortic stenosis from dystrophic calcification
• Aortic regurgitation due to dilation of the fibroelastic skeleton
o Inflammation: rheumatic fever, ankylosing spondylitis
o Degeneration: Marfan syndrome, Ehlers-Danlos syndrome.

Ascending aorta
o This is designed to absorb the bolus from left ventricular contraction.
 It has a large diameter (2.5-3.0 cm)
 The wall is thick
• Typically, 60 MLU (see insert)
• The thick wall requires a blood supply (the vasa vasorum)
 The elastic : collagen ratio = 2:1
o Histology of the ascending aorta:
 The smooth muscle cell (SMC) regulates the enlarged tunica media.
 The media is formed by plates of elastin, connected to the SMC. These
plates form the so-called medial lamellar units (MLU), which compose the
majority of the wall in all aortic segments.
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There is a separate collagen system produced by the SMC, which forms a
mesh throughout the media. This mesh contains more type I than type III
collagen.
SMC produces TGF-β as a key regulator of the ECM. It is bound by fibrillin in
the ECM in a protein, creating a “sink”, that acts as a reservoir.

© 2019 ClinicoPath

Tunica
media

Medial Lamellar Units
o Physiology of the ascending aorta

6

© 2020, ClinicoPath LLC. All rights reserved.

www.MedicalSchoolCompanion.org




Low pressure changes in aortic pressure are handled by the elastic system
of the MLUs.
High pressure is handled in the collagen system.
This gives a non-linear response of the aortic wall compliance to luminal
pressure.

o Pathology of the ascending aorta
 The ascending aorta undergoes cystic medial degeneration (CMD). This
consists of elastic fiber
fragmentation, loss of smooth
muscle cells and accumulation
of acid mucopolysaccharides in
pools.
 CMD most likely represents
shear stress injury of the aortic
wall from hypertension leading
to apoptosis of SMC and
dysregulation of the ECM.
• CMD is also seen with
congenital defects of
fibrillin (Marfan) and
collagen (Ehlers-Danlos)
 The weakened wall leads to
aneurysmal dilation.
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In CMD, the defect is in the tunica media. Small tears in the intima allow
the pressurized blood to dissect along the central plane.
Cystic medial degeneration (CMD) in Marfan Syndrome
-

-

-

-

-

8

Unlike hypertension, the CMD in Marfan syndrome is not due to injury
but instead is due to a dysregulation of the extracellular matrix (EMC).
Normal ECM is regulated by the smooth muscle cell (SMC) through the
key cytokine TGF-β. This is normally pooled in the ECM by binding it to
the ECM protein fibrillin.
Marfan syndrome has defective fibrillin, so that there is an inability to
store and release TGF-β. This leads to an abnormal ECM and catabolism
of elastin.
The lack of elastin leads to rapid degeneration in those tissues requiring
a high level of stretch (tendons, lens of the eye and large blood vessels).

Aortic arch
o This has no distinctive structural features, but it is important in clinical medicine
as it is the take-off of the vessels to the head and arms.
o There are two diseases that notably involve the aortic arch
 Dissecting aneurysm of the ascending aorta (Type A aneurysm)
• Involvement of the arch represents life-threatening occlusion of the
cerebral vessels. Treatment is usually some type of emergency
surgery.
 Vasculitis
• Takayasu vasculitis and temporal arteritis are granulomatous
vasculitidies that involve the aortic arch and its vessels.
Descending aorta (thoracoabdominal aorta)
o This has a meaningfully different structure than the ascending aorta:
 Smaller diameter (2.0-2.5 cm)
 Thinner wall (30 MLU)
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This is perfused from the lumen and does not have vasa vasorum.
Syphilitic aneurysms
-

T. pallidum preferentially infects small arteries and arterioles.
The inflammation and ischemia lead to distinctive type of
necrosis called a gumma.
These are found in all organs, including the ascending aorta,
which has the small arterial vasa vasorum.
there is no aneurysm formation in the abdominal aorta as its
thinner walls do not have their own blood supply

 Elastin : collagen ratio = 1:2
o Pathology of the abdominal aorta
 Atherosclerosis
• This is an inflammatory process that weakens the wall due to
dysregulation of the ECM by chronic inflammatory cells
• The weakened wall dilates (i.e. aneurysm formation) and ruptures
o By comparison, the ascending aorta dissects.
• The major risk factor is smoking.

Muscular arteries
-

-
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Compared to large, elastic arteries, there is a marked decrease in elastic tissue which is
replaced with smooth muscle cells (SMC).
o There is significant elastic tissue in the internal elastic membrane (IEM)
o The SMCs are up to 40 cells thick
o The think walls make them resistant to collapse, which is important as they
extend over joints.
The muscular arteries regulate regional blood flow
Normal shear stress is important in endothelial cells health
o Laminar flow creates a fluid drag force that is protective of endothelial cells.
 It is concentric, with faster central flow and slower peripheral flow
o Disturbed or oscillating cycles creates an injury signal. This is most commonly
seen along the inner walls of curves (e.g. LAD) and the outer walls of vessel
bifurcations (e.g. carotid artery).
o Atherosclerotic plaques disrupt normal laminar flow and create high shear
stress. This leads to thinning of the fibrous cap and an unstable plaque with risk
of thrombosis.
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-

Pathology of muscular arteries
o Atherosclerosis
 Coronary artery disease (CAD) is the model disease.
 The 4 most important arteries in the US are:
• Coronary artery
• Carotid artery
• Renal artery
• Femoral-popliteal artery
o Vasculitis
 Kawasaki disease (coronary artery)
 Polyarteritis nodosa
 Granulomatosis with polyangiitis (aka Wegener disease)

Arterioles and small arteries
-
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There is no abrupt division between these vessels. They blend into one another, as do
their pathologic processes.
o Arteriole:
 In the size range of 10-100 um (for comparison, an RBC is 7 um)
 1-3 layers of smooth muscle
 Site of peripheral vascular resistance (PVR).
o Small artery:
 Size range of 100- 1000 um
 3-10 layers of smooth muscles
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Physiology of the arteriole vessels: autonomic nervous system
o Systemic:
 Neural:
• Sympathetic (α1A→Gq)
 Hormonal:
• Epinephrine (adrenal gland)
• ATII
• ADH (vasopressin)
o Local
 Metabolites (in the coronary artery, this is adenosine)
 Endothelial cells:
• Dilation: NO, PG, others
• Constriction: endothelin
Pathology
o In coronary artery disease, there is dysregulation of the endothelial cells and
sympathetic stimulation form increased demand such as exercise and cause
vasoconstriction.
o Small arteries and arterioles develop hyaline arteriolosclerosis. This
degenerative change weakens the wall. This can lead to stenosis and occlusive
ischemia (e.g. heart and kidney) or aneurysm and rupture (e.g. hemorrhagic
stroke)

Capillaries
-

-
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The diffusion distance of oxygen and nutrients is effectively limited to 1-2 mm, which is
why capillary networks are necessary.
Composed only of endothelial cells and the underlying basement membrane, together
with patchy pericytes
o Thin walls allow for the diffusion of gases and metabolites in both directions
Collectively have a large cross-sectional area, which results in slow blood flow,
optimizing diffusion.
Tissues with the highest metabolic rates (e.g. heart, brain) have the highest capillary
density.
Pathology
o While it is understood that there is endothelial dysfunction in disease, especially
diabetes mellitus with advanced glycosylation end products (AGEs), reactive
oxygen species (ROS) and osmotic damage from sorbitol, there is no clinical test
for its evaluation.
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Venous system
-
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Increase in size and thickness towards the heart:
o Post-capillary venules > venules > veins (small/medium/large)
Veins are a low pressure system and so they have thinner walls and larger diameters
than arteries.
The venous system holds 2/3 of the vascular volume.
Pathology:
o Vulnerable to dilation, compression and infiltration by tumors an pathogens
due to their thin wall and low internal pressure.
o Most acute inflammation in tissue occurs in the post-capillary venule
o Site of thromboembolic disease (see General Pathology: Fluidics (under
construction))
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Circulatory system: Structure and function
Do You Know It?
1. Classify the “circulatory system”
• Define the macrovascular and microvascular systems

2. What are the key sites of disease involving the elastic and muscular arteries?

3. What are the key sites of disease involving the small arteries and arterioles?

4. What is the aortic root? What are its commonest pathologies?

5. Why do aneurysms of the ascending aorta dissect but aneurysms of the abdominal aorta
rupture?

6. Why do syphilitic aortic aneurysms only involve the ascending aorta?

7. Compare and contrast the pathophysiology of thoracic aortic aneurysms caused by
hypertension versus those of Marfan syndrome.

8. Where is early atherosclerotic plaque most likely to be found in the carotid artery? The
left anterior descending coronary artery?
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9. How can endothelial damage at the capillary level be assessed in diabetes mellitus?

10. Why is the venous system vulnerable to compression and invasion by tumor?
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