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 Reading: 

Circulation Lecture 2: The Vessels 

 2022 Berne & Levy Physiology (7th Ed.)  
Koeppen & Stanton, Chapter 17, pages: 351 - 355 

Learning Objectives: You should be able to 

CIRC 2.1 Define the Laplace relationship and wall tension. 

CIRC 2.2. Describe the structure, composition, and compliance of the various vessels in 
the circulatory system and how this reflects their role. 

CIRC 2.3. Understand the types of capillaries, their structures, and where they are 
located. 

CIRC 2.4. Explain hydraulic filtering of the aorta and how this relates to its compliance. 

CIRC 2.5. Understand the arterial pressure pulse and how it is affected by arterial 
stiffness 
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CIRC 2.1 Define the Laplace relationship  
 
Capillaries can withstand incredibly high pressures without bursting. To understand 
why, we will use the law developed by Pierre-Simon Laplace. He found that the tension 
experienced by the vessel wall (the force that would cause bursting) is related to the 
transmural pressure and the radius of the tube. This is shown in Eq 2.1. 
 

Eq 2.1  𝑇𝑇 =  Δ𝑃𝑃∙𝑟𝑟
𝑤𝑤𝑙𝑙𝑙𝑙𝑙𝑙 𝑡𝑡ℎ𝑖𝑖𝑖𝑖𝑖𝑖𝑑𝑑𝑖𝑖𝑖𝑖𝑖𝑖

 
 
Where T = wall tension, ΔP is the transmural pressure difference, and r is the vessel 
radius. This relationship has several consequences in physiology. 
 

• Capillaries with a small radius can withstand very large transmural pressures 
• Arteriolar Vasoconstriction will decrease wall tension and provide greater control 

over blood flow 
• Aneurysms result in a section of the vessel with a large radius, this will 

experience increased wall tension and be at risk of bursting 
• Dilated hearts have a larger radius and higher wall tension and thus require more 

systolic work and higher oxygen consumption to overcome.  
 
PRACTICE QUESTION: For a capillary with transmural pressure of 3.33 x 104 dyne/cm2 
(converted from 100 mmHg for the units to work) and a radius of 5 x 10-4 cm, it has a 
wall tension of 16.7 dyne/cm. For the aorta at the same pressure, what is the wall 
tension? How does this compare to the wall tension in the capillaries? 
 
CIRC 2.2. Describe the structure, composition, and compliance of the various 
vessels in the circulatory system and how this reflects their role. 
 
The vessels are composed of four main elements 

• Elastin: A highly elastic protein that allows vessels to stretch and recover 
• Smooth Muscle: Provides contractile ability to vessels 
• Collagen: A structural connective tissue 
• Endothelium: All blood vessels (and lymphatic vessels) have an inner lining of 

endothelial cells 
 
As shown in Fig 2.1, there are three main structures in arteries and veins. 

• Tunica Intima: Inner-most layer (means inner coat), includes 1 layer of 
endothelial cells, a subendothelial layer of connective tissue, and the Internal 
Elastic Lamina (IEL, primarily elastin). Veins do not have the elastic lamina.  

• Tunica Media: Middle layer (New Latin for middle coat), consists of smooth 
muscle cells arranged transversely (circular), and the External Elastic lamina 
(EEL). Again, veins do not have elastic lamina, and contain less smooth muscle. 

• Tunica adventitia: The outer layer (outer coat) that is mostly collagen 
(connective tissue) and some fibroblasts. In large vessels, contains a network of 
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small vessels (vaso vasorum, Latin for vessels of the vessels). Arteries contain 
less connective tissue than veins.  
 
In the arterial wall, there are three elements that affect compliance: 
Highest compliance: Elastic laminae (elastin)  
Middle compliance: Smooth muscle  
Lowest Compliance: Collagen (connective tissue) 
 

 
Compliance: Change in volume divided by change in pressure (dV/dP). Although given 
how the cardiovascular system works, volume is the independent variable and pressure 
is the dependent. The axes are switched so that the steeper slope represents a higher 
compliance. 
 
As shown in Fig 2.2, 
compliance is the slope of the 
volume/pressure relationship. 
At low pressures, veins are 10-
20 times more compliant than 
arteries. At high pressures 
(arterial) pressures, 
compliance of veins is very 
low. This allows saphenous 
veins to be used as coronary 
bypass grafts. 
 
The physical arrangement of 
the vascular components (elastin; smooth muscle and collagen) determine the 
compliance properties of the vessel wall. However, the geometry of the vessel also 

 
Fig 2.1. General structure of blood vessels, comparing medium artery (left) and vein 
(right). Atlas of Histology, D. Cui, 2011 
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Fig 2.2. Compliance in arteries and veins 
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plays an important role, as veins can collapse down under low pressure (like an empty 
plastic sack) and can therefore have very high compliance in this geometry.  
 
Compliance of the blood vessel wall decreases at higher volumes in both arteries and 
veins. This is because the load on the vascular wall is first borne by the elastin and 
smooth muscle (high compliance) at lower volumes and lastly by the collagen (low 
compliance) at higher volumes. Therefore, the lower compliance of the vessel wall at 
higher blood volumes can lead to disproportionately higher systolic pressures. 
 
In arteries or veins, increasing smooth muscle contraction reduces compliance. 
 
Arteries exhibit a relatively constant low compliance throughout the physiological 
pressure range. Therefore, arteries are considered resistance vessels.  
 
Veins exhibit a relatively high compliance in the physiological pressure range (<10 mm 
Hg) primarily due to changes in geometry. Therefore, veins can accommodate relatively 
large volumes of blood with little increase in pressure and are considered capacitance 
vessels.  
 
Practice Question: What a normal value for aortic compliance given a normal pulse 
pressure of 40 mmHg and a normal stroke volume of 80 mL? 
 
CIRC 2.3. Understand the types of capillaries, their structures, and where they are 
located. 
 
Capillaries are the “business end” of the CV system, and have a unique structure. The 
capillary wall is essentially just the endothelial wall that forms the tunica intima in the 
other vessels, and a thin basal lamina (basement membrane) covering it. There is no 
tunica media or tunica adventitia. There are three types: continuous, fenestrated, and 
discontinuous (sinusoidal), as shown in Figure 2.3. 
 

 
 

 
Figure 2.3. Three types of capillaries. Atlas of Histology, D. Cui, 2011 
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• Continuous Capillaries have a continuous wall of endothelial cells and basal 
lamina, with tight junctions between the cells. They are found in muscles, skin, 
CNS, lung, etc. Most common throughout the body. 

• Fenestrated capillaries also have continuous endothelial and basal lamina, but 
with fenestrations (pores/holes) with or without diaphragms (glycocalyx) for 
closing the pores. Found in kidneys and intestines. 

• Discontinuous (sinusoid) capillaries are the largest capillaries, and have a lot 
of gaps/spaces between the endothelial cells as well as a discontinuous basal 
lamina. Thus, they are leaky. Found in the liver, spleen, and bone marrow. 

 
 
CIRC 2.4. Explain hydraulic filtering of the aorta and how this relates to its 
compliance. 
 
As a pulsatile pump, the left ventricle 
generates pressure waveforms that 
must be dampened by the time the 
blood is in the capillaries. The larger 
arteries are highly distensible 
(compliant) because of their high 
elastic content. This allows them to 
dampen the pulsatility.  
 
As shown in Fig 2.4, when the left 
ventricle ejects blood (systole), the 
compliant aorta expands to hold extra 
blood, is ejected into the capillaries 
during diastole thanks to the elastic 
recoil (the “secondary pump”. The 
consequences of this system are: 
 
• The elastic recoil forces blood into 

the coronary system (see CIRC 
L7).  

• The compliant stretch reduces the 
work of the heart. 

• The overall system dampens the 
pulse pressure.  

• The secondary pump action of the 
aorta causes the pressure increase seen after the dichrotic notch. 

 

Fig 2.4. Secondary pump action of the aorta  
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If the aorta and arteries become rigid, this does not 
happen, resulting in increased work, increased pulse 
pressure, and decreased coronary perfusion. With 
age, the elastic content in the intima and media is 
reduced and replaced with collagen in the adventitia– 
reducing arterial compliance. Fig 2.5 shows aorta 
volume vs. pressure (slope = compliance) for patients 
in different age ranges. Notice the significant 
decrease. 
 
Practice Question: In an acute setting of aortic valve 
insufficiency, how would a decrease in aortic elastin 
content affect regurgitant blood flow volume?  
 
CIRC 2.5. Understand the arterial pressure pulse and how it is affected by arterial 
stiffness 
 
a) The arterial Pressure Pulse (wave) travels down 
the aorta at 5 meters/sec and increases to about 10-
15 meters/sec in the small arteries. In contrast, blood 
flow travels at about 1 meter/sec.   

b) Propagation of the pressure pulse wave depends 
on the physical characteristics of the vessel wall, 
especially the arterial compliance. As compliance 
decreases down the arterial tree, the velocity of 
propagation of the pressure pulse increases.   

c) The arterial pressure pulse is directly related to the changes in the arterial pressure 
profile (see Fig 2.6).  

By measuring the pressure pulse in two locations (one upstream and one downstream), 
the Pressure Pulse velocity can be calculated. Arterial stiffness can thus be 
approximated via this non-invasive measurement.  
 
  

 

Fig 2.5. Compliance with age 

 
Fig 2.6. Pressure pulse 

 

 


