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Reference point for measuring blood pressure in the human body: 

Remember when we talked about the blood pressure, we said that the 

normal is 120/80 and that when you are sitting or standing the blood 

pressure in your brain(up) is less than that in your legs(down); now after 

all of this where is the reference point for measuring blood pressures in 

the cardiovascular system ? 

The right atrium pressure at the level of the tricuspid valve is the pressure  

reference point in the CVS , we take it as zero (while in fact it's the 

atmospheric pressure of 760mmHg); so systolic blood pressure (120 

mmHg) is actually 120mmHg higher than the atmospheric pressure. Same 

thing goes for diastolic pressure (its 80 mmHg higher than the 

atmospheric pressure).   

This pressure reference point is not affected by gravity at any position 

(standing, sitting, supine…etc). It's always zero (atmospheric pressure). 

 

Coronary circulation 

Anatomy of the coronary circulation  

The Heart is supplied by the right and the left coronary arteries with their 

branches.  

 Right coronary artery Left coronary artery 

Origin Right aortic sinus of the 

ascending aorta 

Left aortic sinus of the ascending 

aorta 

 

Branches 

1-Atrial branch (gives sinoatrial 

nodal branch)  

2-Right marginal branch 

3-posterior interventricular 

branch(posterior descending 

artery PDA) 

1-anterior interventricular branch 

(left anterior descending artery 

LAD), also branches to one or 

two large diagonal branches 

2- circumflex branch which 

branches to obtuse left marginal 

arteries 

 

Supply  1-most of the right ventricle 

2-the posterior part of the left 

ventricle(about15%of left 

ventricle) in 80 to 90 percent of 

people 

3-right atrium with SA and AV 

nodes  

1-65% of the left 

ventricle(anterior part) is supplied 

by LAD and 20%(left lateral part) 

by circumflex branches 

2-LAD artery also supplies most 

of the interventricular septum 

3-left atrium  
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This is how the left and the right coronary arteries originate from the left 

and the right aortic sinuses of the ascending aorta respectively.  

 

What's the difference between the right and the left heart ?!  

The difference is in the coronary circulation and this difference depends 

on: 

1- arterial supply of  the SA and AV nodes (whether from the right or 

the left coronary artery)  

2- From which coronary artery (left of right) does the posterior 

interventricular branch branches 

 The majority of people have a right dominant coronary artery, 

why? We will shortly know why.  
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 Left dominant coronary 

artery  

(Heart in left side) 

Right dominant coronary 

artery  

(Heart in right side) 

Arterial supply of SA and 

AV node  

Left coronary artery  Right coronary artery  

Posterior interventricular 

artery  

From left coronary artery  From right coronary 

artery  

 

Phasic Changes in Coronary Blood Flow During Systole and 

Diastole, Effect of Cardiac Muscle Compression:  

The coronary capillary blood flow in the left ventricular muscle falls to a 

low value during systole, which is opposite to the flow in the vascular 

beds elsewhere in the body. The reason for this is the strong compression 

of the left ventricular muscle around the intramuscular vessels during 

systolic contraction. 

Systole > contraction of cardiac muscle > compressed coronary vessel > 

decreased blood flow 

Diastole > relaxation of cardiac muscle > Open coronary vessel > normal 

blood flow. 

 

Now, we know that the left ventricle has a thicker muscular wall than the 

right ventricle because it needs to pump blood to most of the body while 

the right ventricle pumps blood to the lungs only, so the contraction and 

compression on coronary vessels in the left ventricle will be higher than 

the contraction and compression in the right ventricle. As a result the 
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reduction in blood flow in the left ventricle will be significantly higher 

than the reduction in the right ventricle during systole.  

And now we can conclude why the majority of people (about 85-90%) 

have a right dominant coronary artery; to be less affected by strong 

muscular contraction and to maintain blood flow to the heart. 

10% of the population has an equal right and left coronary blood flow and 

less than 5% have a left dominant coronary artery.   

 

Normal Coronary Blood Flow—About 5% of the Cardiac Output 

The resting coronary blood flow in a resting human being averages 225 

ml/min, which is about 4 to 5 percent of the total cardiac output. The 

workload of the heart under severe conditions may increase six fold to 

ninefold. At the same time, the coronary blood flow increases threefold to 

fourfold to supply the extra nutrients needed by the heart. This increase is 

not as much as the increase in the workload, which means that the ratio of 

energy expenditure by the heart to coronary blood flow increases. So the 

heart will be unable to continue and the person must take a break. 

Epicardial Versus Subendocardial Coronary Blood Flow—Effect of 

Intramyocardial Pressure. 

 

Coronary vessels arrange in a special manner at different depths of the 

myocardial muscle (about 9-12 mm thickness in left ventricle):  

1- Epicardial coronary arteries are on the outer surface and supply 

most of the muscle  

2- Intramuscular arteries derived from the epicardial arteries  

penetrate the muscle supplying the needed  nutrients 

3- Subendocardial arteries lie immediately beneath the endocardium 

Subendocardial Infarction 
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The subendocardial muscle frequently becomes infarcted even when there 

is no evidence of infarction in the outer surface portions of the heart. The 

reason for this is that the subendocardial muscle has extra difficulty 

obtaining adequate blood flow because the blood vessels in the 

subendocardium are intensely compressed by systolic contraction of the 

heart. Therefore, any condition that compromises blood flow to any area 

of the heart usually causes damage first in the subendocardial regions and 

the damage then spreads outward towards the epicardium. When the 

damage includes all the myocardial layers we call it transmural infarction. 

That's why subendocardial arteries have a highly interconnected vascular 

plexus plus more beta adrenergic receptors (cause vasodilation when 

stimulated by the sympathetic stimulation) to replace any severe 

reduction in blood flow during infarction in a particular area by its 

adjacent vessel.  

Now, let’s remember the main topics: 

1-blood flow in the right coronary artery is more than blood flow in the 

left coronary artery  

2-blood flow in coronary vessels during diastole is more than blood flow 

during systole  

3-subendocardial muscular area receives the least blood flow and it's the 

most liable to develop ischemic heart disease or myocardial infarction   

 

Control of Coronary Blood Flow 

It's the same thing as the regulation of local blood flow in the tissue. 

According to the needs of the tissue, blood flow either increases or 

decreases. The same thing here, the coronary blood flow is also regulated 

by:  

1- Local muscle metabolism, this is the Primary Controller of Coronary 

blood flow 

2- Nervous control of coronary blood flow 

 Metabolic regulation  

Blood flow through coronary system is regulated almost entirely by local 

arteriolar vasodilatation in response to the need of the cardiac muscle for 
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nutrients; it mainly depends on the oxygen demand which is the major 

factor in local coronary blood flow regulation.  

During exercise the cardiac output increases and the workload increases 

(high rate of metabolism) so oxygen demand will increase and there will 

be hypoxia and hypoxia causes arteriolar vasodilatation (this is the 

oxygen theory), at the same time the decrease in the oxygen concentration 

in the heart causes the vasodilator substances to be released from the 

muscle cells and dilate the arterioles (vasodilator theory). 

Vasodilator substances:  

1- Adenosine : has great vasodilator propensity 

2- potassium ions 

3- hydrogen ions  

4- carbon dioxide 

5- Bradykinin 

6- prostaglandins 

7- nitric oxide 

 

 Nervous regulation  

Stimulation of the autonomic nerves to the heart can affect the coronary 

blood flow both directly and indirectly. 

 Direct nervous regulation  

The direct effects result from the action of the neurotransmitter 

substances, acetylcholine from the vagus nerve and norepinephrine and 

epinephrine from the sympathetic nerves on the coronary vessels 

themselves (smooth muscle). 

The sympathetic transmitter substances, norepinephrine and epinephrine, 

can have either vascular constrictor or vascular dilator effects, depending 

on the presence or absence of constrictor or dilator receptors in the blood 

vessel walls. The constrictor receptors are called alpha receptors and the 

dilator receptors are called beta receptors.  Both alpha and beta receptors 

exist in the coronary vessels.  In  general,  the  epicardial  coronary  

vessels  have a preponderance of  alpha  receptors,  whereas the 

intramuscular and subendocardial arteries have a preponderance of beta 

receptors.  Therefore, sympathetic stimulation can, at least theoretically, 

cause slight overall coronary constriction or dilation.  It usually causes 

constriction. 
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In some people, the alpha vasoconstrictor effects seem to be  

disproportionately severe, and these people can have vasospastic  

myocardial  ischemia  during periods  of  excess  sympathetic  drive,  

often  with  resultant anginal pain, this is exactly what occurs when  : 

1- A person is under stress or anxiety (ب  ,without exercise )واحد معص ِّ

without increasing the metabolic rate there is only vasoconstriction 

2-smokers : smooth muscles of the coronaries are sometimes very 

sensitive to nicotine (vasoconstrictor) so they will develop severe spasm 

and that's way some people develop myocardial infarction while  their 

coronary blood vessels are normal (no atherosclerosis) . This can be 

tested by the catheter )القسطرة( where they stimulate the vessels by 

sympathetics or nicotine and see if the coronary vessel becomes 

constricted or not (sensitive or not). 

 

 Indirect nervous stimulation  

Secondary changes  in  coronary  blood  flow  caused  by  increased  or  

decreased  activity of the heart (during exercise) 

The indirect effects, which are mostly opposite to the direct effects, play a 

far more important role in the normal control of coronary blood flow. 

Thus during exercise, sympathetic stimulation which releases 

norepinephrine and epinephrine, increases both the heart rate and the 

heart contractility; the rate of metabolism of the heart also increases. In 

turn, the increased  metabolism of the heart  sets  off  local  blood  flow 

regulatory  mechanisms  for dilating the coronary vessels, and the blood 

flow increases  approximately in proportion  to  the  metabolic  needs  of  

the  heart  muscle. 

You may say that in both cases there is sympathetic stimulation to the 

coronary blood vessels and during stress (direct, no exercise, normal 

metabolic rate) the vessels contract, but why don’t they contract during 

exercise (indirect)? In this case there is a high metabolic rate which 

means hypoxia so the coronary vessel can’t contract although it's under 

sympathetic stimulation (sympathetic need O2) but it will dilate due to 

the effect of flow regulatory mechanisms for dilating coronary blood 

vessels(oxygen lack theory, vasodilator theory) and high concentration of 

metabolites which are also vasodilator substances.  
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 Direct sympathetic 

stimulation for 

coronary vessel  

Indirect sympathetic  

stimulation for 

coronary vessel  

State Stress or anxiety During exercise 

Coronary vessels Vasoconstriction Vasodilatation 

 

 Ischemic Heart Disease  

Lack of oxygen due to inadequate perfusion of the myocardium, which 

causes imbalance between the oxygen supply and the demand. 

Effects of ischemia 

1) Mechanical function: 

a) Failure of normal muscle contraction & relaxation. 

b) Ischemia of large portions of the ventricle: left ventricular 

failure. 

c) Regional disturbances: Systolic stretch. 

2) Biochemical function: 

a) Fatty acids can’t be oxidized. 

b) Glucose is broken down to lactate. 

c) Reduced intracellular PH and ATP stores. 

3) Cell membrane function: 

Leakage of potassium and uptake of sodium by myocytes. 

4) Electrical function: 

 ECG changes: 

a) Repolarization abnormalities. 

b) Transient ST segment depression. 
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 Electrical instability: 

a) Ventricular tachycardia and fibrillation. 

 

Coronary atherosclerosis 

In people who have genetic predisposition to atherosclerosis, and in those 

who are overweight or obese, have a sedentary lifestyle, or have high 

blood pressures and damage to the endothelial cells of the coronary blood 

vessels, large quantities of cholesterol gradually become deposited 

beneath the endothelium at many points in the arteries throughout the 

body. Gradually, these areas of deposit are invaded by fibrous tissue and 

frequently become calcified. The net result is the development of 

atherosclerotic plaques that actually protrude into the vessel lumens and 

either block or partially block blood flow. 

 The most common cause of myocardial ischemia. 

 Epicardial coronary arteries are the major site: A common site 

for the development of atherosclerotic plaques is the first few 

centimeters of the major coronary arteries(epicardial arteries)  

 Major risk factors in coronary atherosclerosis are :  

1- Increase in LDL 

2- Decrease in HDL 

3- Cigarette smoking 

4- Hypertension. 

5- DM(Diabetes mellitus)  

6- Overweight or obesity  

 

Normal  Function of vascular 

endothelium 

Abnormal  Function of vascular 

endothelium   

 

1-Local control of vascular tone. 1-Inappropriate constriction. 

2-Maintenance of an anticoagulant 
surface. 

2-Luminal clot formation. 

3-Defense against inflammatory 
cells. 

3-Abnormal interactions with blood 
monocytes & platelets.  
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Stages of blood flow reduction in coronary arteries atherosclerosis:  

 Normal 

coronary 

blood vessel 

Only 

Atherosclerosis(plaque) 

Atherosclerosis  

with blood 

clot(thrombus) 

Blood  

Flow  

Normal blood 

flow  

Reduction in blood flow  

 

zero flow or so little 

flow  

Results  -----  Angina pectoris 

(Chest pain for few minutes) 
Myocardial Infarction 

 MI )local death of 

cardiac muscle) 

With severe 

pain(crying) for long 

period   

 

 

 

In both angina and MI, the patient suffers from chest pain (but the pain 

differs in severity and duration) in the retrosternal area not in the left side 

as most people believe and the pain will radiate to the left shoulder, both 

arms, back, interscapular region, root of the neck, jaw and teeth because 

all of these parts arise from the same embryological segment, so it's 

called referred pain because it's felt in a part of the body other than its 

actual source. 

In MI, the patient is always associated with dyspnea (shortness of breath), 

hypotension, paleness and sweating because heart contractility is reduced 

and mostly pain is felt at rest, where as in angina, pain is felt during 

exercise.  

Collateral circulation develops with: 

• Sudden occlusion.  

•  Gradual developing atherosclerosis. 
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Acute coronary occlusion   

Acute occlusion of coronary arteries occurs in a person who already has 

underlying atherosclerotic coronary heart disease but almost never in a 

person with a normal coronary circulation. 

Acute occlusion can result from any one of several effects, two of 

which are the following:  

1-The atherosclerotic plaque occasionally can completely or partially 

dislodge from the vessel wall and form a thrombus, which in turn 

occludes the artery. A thrombus that flows along the artery in this way 

and occludes the coronary vessel is called a coronary embolus. 

2- Local muscular spasm of a coronary artery also can occur. The spasm 

might result from direct irritation of the smooth muscle of the arterial 

wall by the edges of an arteriosclerotic plaque, or it might result from 

local nervous reflexes that cause excess coronary vascular wall 

contraction. The spasm may then lead to secondary thrombosis (a 

thrombus formed about an embolus as a nucleus) of the vessel. 

 Surgical treatment of coronary disease 

1-Aortic coronary bypass surgery 

2-Coronary angioplasty  

1-Stenosis of coronaty artery 

  

2-inserting the balloon to 

dilate the vessel 

3-We put the stent to 

maintain the vessel open 

4-Dilated vessel after 

surgery 

removing a section of a subcutaneous 

vein from an arm or leg an then grafting  

this vein from the root of the aorta to  

the side of a peripheral coronary artery  

beyond the atherosclerotic blockage 

point. . 
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pathophysiology 

Sequential Changes in Circulatory Function During the  

Development  of  Volume-Loading  Hypertension 

This picture discusses what happens in a group of dogs with a recent 70%   

kidney mass removal, at the same time we increase the blood volume by 

giving them a large volume of saline solution (NACL). 

We know that blood pressure can increase either by volume or 

resistance, we can divide volume-loading hypertension into two separate 

sequential  stages:                                                                                                        

1-The first stage(first two days) results  from  increased  fluid  volume  

causing  increased cardiac  output.  This increased cardiac output 

mediates hypertension (this occurs when we give the dogs high amounts 

of saline solution and they drink huge amounts of water), from the figure 

we note: 

1- Increase in the extracellular fluid volume  

2- Increase in blood volume  

3- Increase in the cardiac output 
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4- Decrease in the peripheral resistance, as a compensation 

mechanism by baroreceptors.  

 

2-The second stage (after two days) in volume-loading hypertension  is  

characterized  by  high  blood  pressure  and high  total  peripheral  

resistance but return of the cardiac output  near the normal , from the 

figure we note: 

1-Then compensatory mechanisms get rid of excess fluid (result of the 

long-term blood flow autoregulation mechanism) and that returns the 

extracellular fluid volume, blood volume, & cardiac output to near the 

normal. 

2- But the peripheral resistance will increase due to the reduction of the 

volume of the kidney as 70 percent of their kidney mass has been 

removed. This increment of the peripheral resistance causes high blood 

pressure (Hypertension). So we start with high volume and low 

resistance, but end up with normal volume and high resistance. 

Next paragraph is a further explanation of the figure from the book. 

Sequential Changes in Circulatory Function during the 

Development of Volume-Loading Hypertension 

 Before the point labeled “0” days, the kidney mass had already been decreased to 

only 30 % of normal. Then, at this point, the intake of salt and water was increased 

to about six times normal and kept at this high intake thereafter. The acute effect 

was to increase extracellular fluid volume, blood volume, and cardiac output to 20 

to 40 percent above normal. 

Simultaneously, the arterial pressure began to rise but not nearly so much at first as 

did the fluid volumes and cardiac output. The reason for this slower rise in pressure 

is initial decrease in total peripheral resistance. This decrease was caused by the 

baroreceptor mechanism, which transiently attenuated the rise in pressure. 

However, after 2 to 4 days, the baroreceptors adapted (reset) and were no longer 

able to prevent the rise in pressure. At this time, the arterial pressure had risen 

almost to its full height because of the increase in cardiac output, even though the 

total peripheral resistance was still almost at the normal level. 

After these early acute changes in the circulatory variables had occurred, more 

prolonged secondary changes occurred during the next few weeks. Especially 

important was a progressive increase in total peripheral resistance, while at the 

same time the cardiac output decreased almost all the way back to normal, mainly 

as a result of the long-term blood flow autoregulation mechanism. That is, after the 
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cardiac output had risen to a high level and had initiated the hypertension, the 

excess blood flow through the tissues then caused progressive constriction of the 

local arterioles, thus returning the local blood flows in the body tissues and also 

the cardiac output almost all the way back to normal, while simultaneously causing 

a secondary increase in total peripheral resistance. Note that the extracellular fluid 

volume and blood volume also returned to normal along with the decrease in 

cardiac output. This outcome resulted from two factors: First, the increase in 

arteriolar resistance decreased the capillary pressure, which allowed the fluid in the 

tissue spaces to be absorbed back into the blood. Second, the elevated arterial 

pressure now caused the kidneys to excrete the excess volume of fluid that had 

initially accumulated in the body. 

 Several weeks after the initial onset of volume loading we find the following effects: 

1. Hypertension 2. Marked increase in total peripheral resistance 3. Almost 

complete return of the extracellular fluid volume, blood volume, and cardiac 

output back to normal. 

Stages of volume-

loading hypertension 

Cardiac output peripheral resistance 

First  increased fluid volume 

causing increased 

cardiac output → 

hypertension 

Less than the normal  

Second  near to normal (can't 

detect an abnormally 

elevated cardiac output) 

high total peripheral 

resistance → 

hypertension 
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