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Hemodynamics  

Today we will take about hemodynamics which is the study of the 

movement of blood and of the forces concerned. 

Now how the blood continue to go from one part to other part...this is 

hemodynamics. 

Functional parts of the circulation 

 Arterioles   

1-control valves  

2-strong muscular wall  

 

 Arteries :  

1-transport blood  

2-strong vascular wall  

3- rapid flow of  blood 

 

 Venules : 

1-collect blood from capillaries  

2- coalesce into large veins  

 Capillaries : 

1-Exchange fluid, nutrients, 

electrolytes &other substance. 

2- very thin wall  

 Veins : 

1- Transport blood from tissues back to heart  

2- Major reservoir of blood  

3- Thin muscular wall  

4- Low pressure  

 

 

Volumes of blood in different parts of circulation 

 

The main blood volume... more than 60 % is present in veins, other parts 

(heart, arteries, etc.) have blood but with smaller percentages compared to 

veins... and the difference is caused by distensibility of veins. 

>>Veins are thin and easy to be distended 
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As a conclusion: 

 Large volume of blood with small pressure in veins >> veins are 

called blood reservoir. 

 Small volume with highest pressure in arteries >> arteries are called 

pressure reservoir. 

 

 Keep in mind that the flow (cardiac output) is the same, the same 

volume is flowing in blood vessels. 

-Remember that another difference between arteries and veins is velocity 

which is inversely proportional to surface area. 

  

 

 

An example from the doctor : 

Difference between veins and arteries : 

Imagine that a small balloon is a vein 

so you can easily inflate it and a 

football is an artery so you need high 

pressure to inflate it  ,, SO  

Football (artery): you can put small 

volume of air in it with high pressure. 

Balloon (vein): you put large volume 

of air with low pressure. 

cm2  

2.5 *Aorta 

20 Small arteries 

40 Arterioles 

2500 *Capillaries 

250 *Venules 

80 Small veins 

8 Venae 

Cavae 
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Pressure in various portions of circulation 

 

Note: the graph in the slide (11) is wrong, the ventricular pressure goes 

between maximum and minimum which is zero. It’s supposed to be the 

aorta rather than the left heart. 

From the graph. The pressure decrease gradually from left ventricle to 

right atrium. 

-Now, we have average pressure (mean arterial blood pressure). If 

we take systole and diastole, the diastole is 80mmHg, and the systole is 

120mmHg. So, if we take (81, 82, 82, etc.) until reaching 120mmHg and 

by taking the average of all these, this is called mean arterial BP because 

it’s going between minimum and maximum. 

Mean arterial blood pressure: average of values of pressure in cardiac 

cycle. 

-Remember that diastolic period is longer than systolic period, and this 

gives time for the filling process. SO when we want to calculate mean 

arterial blood pressure because diastolic period is longer than systolic 

period the average pressure is closer to diastole because it’s longer.  
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That’s why mean arterial BP is equal to diastolic pressure + 1/3 of pulse 

pressure  

Note: pulse pressure = difference between systole and diastole  

So the mean arterial BP isn’t the summation of systolic and diastolic 

pressures divided by 2.  

For example  

Systole =120mmHg, diastole= 80mmHg 

M.A.BP= (120+80)/2 =100 this is wrong because diastolic period is 

longer than systolic period 

So it’s  

M.A.BP= diastolic pressure + 1/3 pulse pressure  

             = 80 + 1/3 (120-80) = 93 

but when we calculate pressure gradient between left side and right 

atrium, R.atrium is zero and we take it (mean pressure) roughly as 100, so 

the pressure gradient is 100mmHg  

- Keep in mind that we don’t have pressure in the left ventricle 

during diastolic period. 

 

-Flow = pressure / resistance or volume / time 

Laminar flow and Turbulent flow: 

According to physics, when a fluid flows near a wall, it will have friction 

with that wall. When the blood flows in the blood vessel, the blood near 

vessel wall will have friction with the wall; this is a type of resistance that 

will cause the velocity of the blood near the wall to decrease. In the next 
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layer of blood which is not touching the wall, the friction will be less and 

the velocity will increase. The maximum velocity of the blood is found in 

the center of the vessel which has no friction. This flow is known as the 

Laminar flow. You don’t hear any sound during this flow. 

 

      Note: decrease diameter → increase friction → more resistance 

So the highest resistance in CVS is present in arterioles (smallest in diameter)  

-Now imagine yourself constricting this vessel, what will happen? 

-this will cause the blood to flow in different directions, this flow is 

known as the turbulent flow. You will hear sounds during this flow like 

murmurs. 

 

Normally there is no turbulent flow, but in diseases like (valvular disease, 

renal artery stenosis, and carotid artery stenosis) there is turbulent flow. 

 

 
Reynolds’s Number: 
It is the mechanism that causes the turbulent flow; it also measures the 

tendency to develop turbulent flow. It depends on the velocity, diameter, 

viscosity and the density. 

 
 

p: is the weight-density of the fluid 

u: is the dynamic viscosity of the fluid 

v: is the velocity of the fluid flow 

D: is the diameter of the tube 

Maximum 
Velocity 

Low velocity 

Reynolds’s Number = vpD/u 
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If Re < 2000  flow is not turbulent. 

If Re > 3000  turbulence is almost always present 

Viscosity is inversely related to Re. so when it’s decreased as in anemia it 

will cause turbulent flow, BUT when there is constriction in the vessel 

velocity will increase as in exercise and it will cause turbulent flow.  

We use: 

- Electromagnetic flow meter. 

- Ultrasonic Doppler flow meter 

 

 

-The force exerted by the blood 

against any unit area of the vessel wall, and it’s measured in: 

- MmHg (using mercury manometer). 

- Cm H2o.   

Methods for measuring blood pressure: 

- Mercury manometer: when we say pressure is 100mmHg or 

50mmHg it means that: If we have a vein or an artery, we put a 

cannula in the artery and we connect it to a manometer and the 

pressure was 50mmHg that means pressure in artery can push 

mercury up to 50.   

 

Why we use mercury? Because of its high density and we use a 

short column here, we can use water but we need a big column. 

 

So when we say BP is 120/80 mmHg it means the force in the 

blood can push a column of mercury up to 120. We will see it in 

the lab next week   

 

- High fidelity method ( the dr didn’t talk about it )  

 

1mmHg = 1.36cm H2o 
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The impediment to blood flow in a vessel.it can’t be 

measured so instead calculated from measurement of blood flow & 

pressure difference.  

 The heart is pumping blood into arterial system so the heart makes an 

effort (pressure) to push the blood , but it’s facing a resistance from 

the arterial system and the resistance depends on how much is the 

diameter .  

More diameter → less resistance 

Remember: highest resistance present in arterioles. 

Note: elderly people who are eating fatty foods will deposit fat 

in the subendothelium of vessels and the vessels will become  

thicker so more resistance and increase in the blood pressure. 

- Mainly the B.P increase when the resistance is high but also BP 

increases when the flow increases as in exercise. 

 

 

 

- There are 2 types of resistance, the peripheral and the 

pulmonary resistance; we mainly care about the 

peripheral resistance. The pulmonary resistance equals 

%14 of the peripheral resistance. 

 

-The peripheral resistance is equal to 1, we don’t use a unit for 

peripheral resistance we just say it’s 1. WHY? 

 

Remember that the pressure gradient is 100mmHg normally 

(average) and the flow (cardiac output) = volume/time which is 

(6*1000)/ 60 which equals 100 so the resistance (from the law) = 1  

-Note: we multiplied 6 *1000 because we want it in milliliter. 

 

• Conductance: a measure of blood flow 

through a vessel for a given change in pressure. 

Explanation from the 

doc: 

Imagine yourself 

pushing a steel table 

then pushing a plastic 

table, which situation 

requires more effort? 
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 If you increase pressure one unit how much is the change in flow, this 

is conductance and it’s related to diameter of blood vessel.  

 

- : 

“When the radius 

increases, flow 

increases to the power 

of 4” 

- All the factors here are 

constant: 

- Pressure Gradient is 100, 

almost constant 

- Length of blood vessels in our body (L) constant 

– Viscosity also normally constant 

  The only factor which is variable is the radius (r). So the flow is 

mainly related to the radius to the power of 4. 

 By experiment, it was found that if you keep the pressure gradient 

constant and change the diameter, they found the flow is related to the 

power of 4 to the radius of vessels. For example: if you have a vessel 

of a radius of 1, and the flow is 1 … if you increase the radius to 2 

(increased 100%) the flow will increase (2 ^ 4) = 16. 

 

 

Viscosity: the friction developed between RBCs as they slide over 

each other during flow of blood. 
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→                         

 

 

 

This is the effect of hematocrit on blood 

viscosity. 

Notice that: black is normal, red is sympathetic stimulation, pink is 

sympathetic inhibition  

Note: you can refer to the book ch14 for better understanding of this topic (page 151)  

 Critical closing pressure :  

Critical closing pressure is defined as the pressure at which the 

vessel collapses. This phenomenon is typically seen with increased 

sympathetic stimulation as it can cause severe vasoconstriction that 

halts the blood flow in vessels regardless of the presence of a 

pressure gradient. This happens because vessels are surrounded by 

tissues which apply external pressure on them leading to their 

closure. The critical closing pressure is normally around 20mmHg. 

Greater viscosity  
Greater resistance 

to flow  
Less the flow  
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-Normally human body is under influence of sympathetic tone, and this 

can be increased or decreased as in exercise or anxiety 

- Flow depends on pressure, minimal pressure we need to  

make flow is 20mmHg, if there this no sympathetic tone  

the critical pressure is zero so no flow but when there is  

sympathetic stimulation the critical closing pressure is 60 

and there is flow. 

- Minimal tone is present while we are sleeping, maximum 

depends on stress (fight or flight). 

- Remember sympathetic tone makes vasoconstriction which 

needs O2, while S.T in hypoxia there is vasodilation.  

 

Measurement of blood pressure 

 

-First, we need manometer  

There is a cuff, we apply it on the brachial artery and there is a bag and 

tube to connect the inflator to the cuff. 

Now if the BP is 120mmHg in the artery how much the pressure should 

be in the cuff to stop the flow? Simply 120mmHg or more. 

If someone is frustrated 

and he had an 

infarction it’s simply 

sever stress and sever 

vasoconstriction which 

leads to the rupture of 

blood vessels leading to 

stroke  
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--When pressure outside equals pressure inside or more there will be no 

flow. 

Now reduce the pressure in the inflator , the flow will start when it’s less 

than 120mmHg, so the  first flow will be when pressure inside > pressure 

outside . 

What type of flow we have here? Turbulent flow, so we will have a sound 

and we hear it by stethoscope. 

Now the sound will increase because more blood will be flowing, then 

the diameter increases gradually so the sound decreases, then finally there 

is no sound when it becomes laminar flow. 

So, we have 5 steps  

1- No sound 

2- First sound (systole ) 

3- Sound increase  

4- Sound decrease  

5- Sound disappear  

The End. 

Forgive me for any mistake. 
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