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Circulation Lecture 7: Special Circulations 1: Coronary & Skeletal 

 Reading:  Berne & Levy Physiology (7th Ed.)  
Koeppen & Stanton, Chapter 17, pages 367 - 376 

Learning Objectives: You should be able to 

CIRC 7.1. Describe the anatomy of the coronary circulation 

CIRC 7.2 Understand the determinants of coronary blood flow 

CIRC 7.3. Explain how arterio-venous O2 difference and oxygen extraction in the heart 
is unique when compared with other body organs. 

CIRC 7.4. Describe the metabolic regulation of coronary blood flow 

CIRC 7.5. Explain the mechanism whereby coronary blood flow is coupled to 
myocardial workload 

CIRC 7.6. Understand the concept of coronary steal 

CIRC 7.7. Understand the general characteristics of skeletal muscle circulation 

CIRC 7.8. Describe the mechanical, neurohoromonal, and metabolic factors that affect 
skeletal muscle blood flow 
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CIRC 7.1. Describe the anatomy of the coronary circulation 
 

 
 
The right and left coronary begin at the aortic root, right behind the right and left cusps 
of the aortic valve. 
 
The left coronary artery often splits into two branches: the left anterior descending 
(LAD) and the circumflex arteries, as shown in the coronary anatomy figure (Fig 7.1). 
 
The LAD provides blood to the interventricrular septum and the bundle branches of the 
conduction system. It is the most commonly occluded in humans. 
 
Myocardial capillaries parallel myocytes at a ratio of ~1 (1 capillary per each myocyte, 
which places each cell in contact with 3-4 capillaries). However, they are not all 
functional all the time.  During ischemia all capillaries are likely to be recruited. 
 
Blood returns to the right atrium primarily through the coronary sinus, although some 
returns via the coronary veins. 
 
CIRC 7.2: Understand the physical and neural determinants and regulators of 
coronary blood flow 
 
Aortic Pressure is the primary determinant of coronary blood flow, since that is where 
the coronaries originate 
 
Myocardial metabolic activity is the primary regulator of coronary blood flow via changes 
in arteriolar resistance 
 
Regulation versus determinant: In physiological systems, something can be a 
determinant, but not a regulator. A determinant affects the outcome variable, but a 
regulator controls the outcome variable.  
 

 
Fig 7.1. Coronary anatomy  
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Physical Factor: Tissue Pressure 
(determinant) 

• During systole, when the heart is actively 
contracting, tissue pressure is high, and 
coronary perfusion is decreased 

• Thus, coronary blood flow occurs primarily 
during diastole. 60-65% left coronary 
blood flow occurs during diastole 

• Left coronary blood flow is influenced by 
LV tissue pressure than right coronary 
flow is affected by RV tissue pressure (Fig 
7.2) 

• In the LV, the highest tissue pressure 
occurs in early systole (isovolumic 
contraction), and left coronary blood flow 
may actually reverse during this time 

• In early diastole tissue pressure is close to 
zero, and left coronary blood flow reaches 
maximum 

• During filling (diastole), tissue pressure is 
greater on the endocardium compared to 
the epicardium, so endocardial coronaries are more compressed than epicardial 
coronaries 

• Under normal circumstances, adequate blood flow to the endocardium is 
maintained, but in various pathological conditions, the endocardium is more 
susceptible to ischemia than the epicardium 

 
Because aortic pressure is the primary determinant of coronary blood flow, and left 
ventricular coronary flow occurs primarily during diastole, if diastolic pressure drops 
below ~50 mmHg, it may result in ischemia 
 
Neural Factors 
Sympathetic stimulation of beta-1 adrenergic receptors on pacemaker cells increase 
heart rate and on the myocardium, increase contractility. Normally, these two changes 
would decrease coronary perfusion by reducing diastole and increase tissue pressure. 
However, these two factors will increase metabolic activity – resulting in strong coronary 
vasodilation and greatly increased coronary flow 
 
Increased sympathetic stimulation increases alpha-1 mediated vasoconstriction and 
metabolic-regulated vasodilation, however local overrides global, and vasodilation wins 
out. However, experimental evidence shows that direct sympathetic stimulation with a 
alpha-1 receptor blocker results in more vasodilation 
 
CIRC 7.3. Explain how arterio-venous O2 difference and oxygen extraction in the 
heart is unique when compared with other body organs. 
 

 
Fig 7.2. Left and right coronary flow  
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Most body organs can increase oxygen extraction from the blood when the need arises 
(skeletal muscle in exercise for example). This will decrease venous PO2, and increase 
the arteriovenous oxygen difference (a-vO2). 
 
In coronary circulation the tissues extract almost all of the available oxygen under basal 
conditions. In a resting individual venous PO2 is the lowest in the coronary circulation. 
 
The maximum oxygen extraction is around 15% (ml O2/100 mL blood), and the heart 
basally operates around 12%. Other systems are much lower at rest: skeletal: 2-5%, 
kidney: 2-3%, intestine: 4-6%, skin: 1-2%. 
 
Because O2 extraction is already maximum, the only way to increase O2 delivery to the 
heart is by increasing blood flow. 
 
CIRC 7.4. Describe the metabolic regulation of coronary blood flow 
 
Metabolism is the major factor in the 
REGULATION of coronary blood flow. 
 
The relationship between coronary blood flow and 
myocardial metabolic activity is linear (Fig 7.3). 
 
 myocardial metabolism =  coronary resistance 
=   coronary blood flow 
 
Metabolic substrates for heart are: 1) fatty acids 
(60%), 2) carbohydrates (35-40%), and 3) others, 
like ketones, lactate and proteins. The high fatty 
acid metabolism makes the heart a particularly 
large consumer of oxygen (O2). 
 
O2 supply to the heart is flow limited because most of the O2 (~80%) is removed from 
blood during its one passage through the heart. Therefore, if O2 consumption of the 
heart increases, then coronary blood flow must increase (or ischemia results). 
 
O2 consumption is directly related to the work of the heart. 
 
Cardiac Work  
 
Cardiac Work = mean arterial pressure (force) x systolic stroke volume (distance). 
Myocardial oxygen consumption can be approximated by cardiac work.   
 
Pressure work versus Volume work: Which one consumes more oxygen? 
 
Case 1:  stroke volume =   60 arterial pressure = 100 
Case 2:  stroke volume = 100 arterial pressure =   60 

 

Fig 7.3. MVO2 and coronary blood 
f  
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• Pressure work consumes much more oxygen than volume work 
• Hypertension causes a disproportionate increase in oxygen consumption  
 
CIRC 7.5. Explain the mechanism whereby coronary blood flow is coupled to 
myocardial workload 
 
Factors Affecting the Balance of 
Myocardial Oxygen Supply/Demand are 
shown in Fig 7.4.  
 
Myocardial oxygen supply = myocardial 
blood flow x arterial oxygen content. 
Myocardial blood flow: 
1) diastolic perfusion pressure  
2) coronary vascular resistance 
 
Myocardial oxygen demand: 
1) afterload 
2) heart rate 
3) contractility 
 
Pathophysiological Conditions  
Myocardial ischemia results from an 
imbalance in the ratio of oxygen supply to 
oxygen demand. This creates a relative 
lack of blood flow (Fig 7.5). 
 
Excessive O2 demand is never a primary 
cause of ischemia. 
 
CIRC 7.6. Understand the concept of coronary steal 
 
Under certain conditions, an increase in blood flow in one region of the heart can cause 
a decrease in blood flow in another region (Fig 7.6). 
 
No coronary “steal” (compensated): Vascular bed #1 contains atherosclerotic plaques 
which limit blood flow downstream from the lesion, resulting in ischemia. As a result, the 
arteriolar resistance to this region of tissue is maximally vasodilated to compensate for 
the low blood flow. Vascular bed #2 has no obstruction and therefore exhibits normal 
blood flow and vascular tone, i.e. arteriolar resistance is relatively vasoconstricted.   

 

Fig 7.4. Myocardial oxygen supply and 
demand 

 

 

Fig 7.5. Misbalance can result in ischemia 
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Coronary “steal” (uncompensated): During exercise (increased cardiac work) or if a 
vasodilating agent is administered, the normal (non-ischemic) region (vascular bed #2) 
vasodilates. Because the ischemic region (vascular bed #1) is maximally vasodilated, it 
cannot further dilate. As a result of the decrease in arteriole resistance in vascular bed 
#2, blood flow increases through this region and “steals” blood flow from vascular bed 
#1, producing more severe ischemia in vascular bed #1.    
 
Clinical Manifestations:  

• Exercise-induced ischemia  
• Stress-testing (adenosine)  
• Peripheral Arterial Disease (PAD) - claudication (limping) is pain in the calf or 

thigh muscle that occurs after walking a certain distance, such as a block or two. 
The pain stops after a short rest period. 

 
 
CIRC 7.7. Understand the general characteristics of skeletal muscle circulation 
 

• In the resting human, about 20% of cardiac output goes to skeletal muscle.  
This large cardiac output to muscle occurs not because blood flow is 
exceptionally high in resting muscle, but because skeletal muscle makes up 
about 40% of body mass.  

• Therefore, skeletal muscle constitutes the largest vascular bed in the body, 
emphasizing its importance in regulation of blood pressure.  

•  In the resting, non-contracting state, muscle blood flow is about 3 ml/min per 
100g.  This resting flow is much less than that found in organs such as the 
brain and kidneys where “resting” flows are about 50 and 400 ml/min per 
100g, respectively.  Skeletal muscle blood flow can increase 20 times during 
exercise, i.e. active hyperemia. 

• The extent of vascular supply is related to the type of muscle. Tonic muscle 
has about 5 times phasic muscle. 

 

 

Fig 7.6. Compensated (left) and uncompensated (right) coronary system 
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CIRC 7.8. Describe the mechanical, neurohoromonal, and metabolic factors that 
affect skeletal muscle blood flow 
 
Metabolic Control 

• Active Hyperemia – increase in blood flow due to metabolic activity.  If muscle 
contraction is occurring during whole body exercise (e.g., running), more than 
80% of cardiac output can be directed to the contracting muscles.   

• Therefore, skeletal muscle has a very large flow reserve (or capacity) relative 
to its blood flow at rest, indicating that the vasculature in resting muscle has a 
high degree of vascular tone.   

• In the resting state, the vasoconstrictor influences dominate, whereas during 
muscle contraction, vasodilator influences dominate to increase oxygen 
delivery to the contracting muscle fibers and to remove metabolic waste 
products (e.g., lactate, H+, CO2) that accumulate. 

C)  Mechanical Factors. 
1. Arterial Circulation. 

• When muscles contract, tissue pressure 
increases, compressing blood vessels. 

• With dynamic exercise, there is an 
alternation between extravascular 
compression and free flow (Fig 7.7). On 
average, however, there is a profound 
reduction in resistance to blood flow 
to due metabolic vasodilation. 

• The reduction of vascular resistance 
(vasodilation) during dynamic exercise 
results from local metabolic control, 
despite the increase in central 
sympathetic nerve activity 
(vasoconstriction).  

• When exercise is isometric, the extravascular compression is similarly 
sustained. 

• At isometric tensions of ~70% of maximum or above, blood flow through the 
contracting muscle approaches zero. Consequently, these isometric tensions 
cannot be sustained for more than 1-2 min. 

• During isometric exercise, vascular resistance increases and cardiac output 
rises, thus, there is often a marked increase in arterial pressure. 

2. Venous Circulation. 
• Muscle contraction “pumps” blood out the muscle veins. This is assisted by 

venous valves which maintain unidirectional flow back to the heart. Changes 
in maintained muscle tone can redistribute considerable amount of blood from 
legs and abdomen.   

• Respiration – decreases in thoracic pressure and increases in abdominal 
pressure during inspiration distend the thoracic veins and compress the 
abdominal veins, thereby increasing venous return.  Expiration causes the 
opposite actions.  

 

 

Fig 7.7. Muscle activity & blood 
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• Sympathetic venoconstriction increases venous vascular tone; reduces 
venous capacitance and increases venous return.  

 
D) Neurohumoral Control 

• Skeletal muscle vasculature is primarily innervated by sympathetic adrenergic 
fibers. 
• Norepinephrine release binds to alpha-adrenergic receptors to cause 

vasoconstriction. Under resting conditions, a significant portion of the 
vascular tone is generated by sympathetic activity.  

• Epinephrine released from the adrenal medulla and released into the 
circulation causes vasodilation at low concentrations through activation of 
beta (β)-2 adrenergic receptors on vessels. At higher concentration, 
epinephrine causes vasoconstriction through activation of alpha (α) 
adrenergic receptors.  

  


