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 Main topic   

Sub-topic   

Remember ( not mention through the 
Lecture ) 

 

Student Question   

Purple color   
There is certain note 

*Purple color  
Note 

GUYTON Additional information taken from Guyton 
book  

 

 

 

 

 

 

Before we start  

1. There is a nice essay entitled ( إياك أن تستسلم )  Read it when you have spare time 

https://www.dropbox.com/s/r27a59wjna0n1kc/%D8%A5%D9%8A%D8%A7%D9%83%20%D

8%A3%D9%86%20%D8%AA%D8%B3%D8%AA%D8%B3%D9%84%D9%85.docx?dl=0 

2. This sheet was written according to the record of section 1 

3. Slides = CO & VR (from 41 to 48) & Hemodynamics ( from 1 to 12 ) 

4. Everything in the slides is mentioned here 

5. Please be aware will reading this sheet & if there is any mistake please correct it  

 

 

 

 

 

                                                      

                                   

 

https://www.dropbox.com/s/r27a59wjna0n1kc/%D8%A5%D9%8A%D8%A7%D9%83%20%D8%A3%D9%86%20%D8%AA%D8%B3%D8%AA%D8%B3%D9%84%D9%85.docx?dl=0
https://www.dropbox.com/s/r27a59wjna0n1kc/%D8%A5%D9%8A%D8%A7%D9%83%20%D8%A3%D9%86%20%D8%AA%D8%B3%D8%AA%D8%B3%D9%84%D9%85.docx?dl=0
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 Topics 

Venous Return 

>>> Factors that Facilitate Venous Return 

>>> Venous Return Curve  

>>> Resistance to venous return  

>>> Sympathetic effect on the VR curve  

>>> Certain cases that affect VR  

>>> Sympathetic effect on CO & VR       

                        

Hemodynamics  

 

>>> Function of the Circulation         

>>> The Circulatory System    

>>> The Capillaries   

>>> Blood Volume Distribution 

>>> Systemic & Pulmonary Circulation 

> >> Blood Reservoir Function of Veins 

>> > Basic Theory of Circulatory Function 

>> > Pressure Changes through the Circulation 

 

 Abbreviations  

 

 

 

 

 

 

 

CO  Cardiac output  

VR  Venus return  

EDV End – diastolic volume  

ESV End – systolic volume 

SV  Stroke volume 

Lt Left  

Rt Right  

MSFP Mean systemic filling pressure  

MAP Mean arterial pressure 
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VR affects CO and that’s why it’s important. 

 

  

Explanation of the figure:  

 Start from the center “Venous Return“ & move upward  

Increased VR >> increased EDV >> increased SV >> increased CO 

This happens according to Frank-Starling law without any extrinsic stimulation.  

 

 

 

  

  VENOUS RETURN 

                                                      

Factors that Facilitate Venous Return 

                                   

CO = SV*HR  

SV = EDV-ESV  

Frank–Starling law of the heart states that the stroke volume of the heart increases in 

response to an increase in the end diastolic volume when all other factors remain 

constant. 

- Wikipedia - 

https://en.wikipedia.org/wiki/Human_heart
https://en.wikipedia.org/wiki/Stroke_volume
https://en.wikipedia.org/wiki/End_diastolic_volume
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Factors that Affect VR 

1. Skeletal muscle pump (contraction of skeletal muscles)  

There are veins between skeletal muscles. Contraction of these muscles will push the 

blood to the heart and increase VR. 

2. Blood volume  

An increase in blood volume will increase VR. 

 

 

 

 

 

 

 

 

3. Respiratory pump (especially in inspiration) 

During inspiration there is a decrease in the intra-plural pressure around the heart 

(from -4 to -6 mmHg) >> Rt atrial pressure decreases (from 0 to -2) >> ΔP increase >> 

increase VR 

Therefore, the increase in VR during inspiration is due to the pressure gradient between 

venous pressure & Rt atrial pressure.  During inspiration & expiration the intra-plural 

pressure varies from -4 to -6, then returns to -4, -6 & so on.  

Inspiration >> VR increases 

Expiration >> VR decreases (becomes more negative) 

WHY do we give IV fluid when a patient is bleeding?!! 

Bleeding (losing fluids) >> decrease blood volume >> decrease VR >> decrease CO  

CO needs to be increased. 

IV fluid will increase blood volume >> increase venous pressure >> increase the 

gradient between the vein & the right atrium >> this will push the blood to the right 

atrium more >> more VR  

Recall:    VR= ΔP \ R  

ΔP  =  ( Venous pressure -  Rt atrial pressure) 
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                           What’s the meaning of negative pressure? 

Zero pressure means that the pressure is equal to the atmospheric pressure (760 

mmHg)  

+ 120 arterial pressure means that it blood is pressing against the gravity with 120 

mmHg. This means that the pressure is (760 + 120 mmHg)  

-4 pressure in the right atrium = 760-4 = 756 mmHg 

4. Venous valves  (Competent vs incompetent) 

The importance of valves is to prevent backflow of blood to the veins (i.e. to remain 

moving toward the heart)  

  

 

Incompetent valve  

 

Competent valve >> increase in VR  

Incompetent valve >> decrease in VR  

5. Cardiac-suction effect 

Increase in contractility >> increases SV by decreasing ESV >> the amount of blood that 

stays in the ventricle decreases >> decrease in Rt atrial pressure >> ΔP increases >> VR 

increases 

*The pressure in the atrium is proportional to the pressure in the right ventricle as the 

Rt atrial pressure should always be higher than the Rt ventricular pressure & so if the 

Rt ventricle pressure decreases then the Rt atrial pressure decreases. 

 

Stasis which may cause thrombosis & possibly embolisms  

Decrease in VR >> decrease in CO 

Risk of varicose veins 
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6. Sympathetic vasoconstrictor activity  

Sympathetic stimulation causes venoconstriction >> increases the pressure in the vein 

>> ΔP increases >> VR increases 

 

 

 

 

 

 

 

  

 

 

  

 

 

 Middle line in the graph:  

If the heart stops pumping blood, what will happen? 

Heart stops pumping >> the pressure inside the whole circulation will equalize >> 

pressure is measured >> this pressure is 7 to 8 mmHg inside all parts of circulation 

because there is NO pump! >> VR = 0 (NO blood go to the Rt or Lt sides of the heart as 

the pressure inside all vessels is the same). 

Venous Return Curve 
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*Visualize them as communicating vessels, so when we put fluid inside them, the 

height of the fluid inside each of these tubes will become the same  

 

 

 

*The first person who measured it was Guyton  

*All parts of circulation: (Rt atrium, Rt ventricle, Lt atrium, Lt ventricle, aorta …. etc) 

 

If the Rt atrial pressure decreases to become 6 (instead of 7) >> there is VR & so there is 

a pressure gradient 

If the Rt atrial pressure = 5 >> VR increases  

If the Rt atrial pressure = 3 >> VR increases 

Whenever the Rt atrial pressure falls below the total pressure that we measured (7 to 8 

mmHg) >> then there is VR.  

 What does the (7 to 8 mmHg) represent? 

 It represents the mean pressure  

 If it is measured in the systemic circulation, then we call it “mean systemic‘’  

 If it is measured in the whole body ( pulmonary + systemic ), then we call it 

‘’mean circulatory‘’  

 Mean systemic: this pressure is what causes filling of the heart so we call it 

“MSFP‘’ 

 MSFP is an imaginary pressure & we can’t measure it, it represents the 

pressure inside the systemic circulation when the heart stops. 

 

 

Communicating vessels 
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 Why does the VR remain constant (plateau) when the Rt atrial pressure is almost 

0?  

 When the pressure around the big vessels in the heart is becoming 

negative, then the vessels are collapsed. 

 Then the blood accumulates after the collapse & the pressure increases >> 

so the vessel opens >> then again collapses and so on. 

 The flow is almost constant & so the VR remains almost constant. 

GUYTON: This plateau is caused by collapse of the veins entering the chest. Negative 

pressure in the Rt atrium sucks the walls of the veins together where they enter the 

chest, which prevents any additional flow of blood from the peripheral veins. 

Consequently, even very negative pressures in the Rt atrium cannot increase venous 

return significantly above that which exists at a normal atrial pressure of 0 mmHg.  

 

 

 

 

 

 

 Right line in the graph 

How we can increase the volume of blood? Simply by IV infusion  

IV infusion increases the volume of blood >> increases the MSFP >> increases VR >> 

increases CO so the curve will shift to the right. 

 Left line in the graph 

How can the MSFP decrease? By hemorrhage (bleeding) and dehydration. 

Loss of fluids >> decreases MSFP >> decreases VR so the curve will shift to the left. 

To sum up: 

MSFP is the pressure inside the systemic circulation when the heart stops contract  

Rt atrial pressure = MSFP                  VR = 0 

                      MSFP > Rt atrial pressure > 0                VR increase 

                Rt atrial pressure < 0                VR remain constant ( Plateau ) 
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Systemic resistance (peripheral resistance) lies in the arterioles (arterial system) so if the 

resistance increases or decreases this will not affect the resistance in the venous system 

so the MSFP will remain the same. 

When will MSFP change? 

When the veins constrict (and not when the arteries constrict). 

---------------------- 

 

 

Resistance to venous return  
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The resistance here is due to the arterial system not the venous system  

 Middle line in the graph represents normal resistance. 

 

 Top line in the graph  

Resistance decreases (and becomes 1/2) >> MSFP does not change >> VR increases so 

the curve will shift upward & to the right 

 Bottom line in the graph  

Resistance increases (doubled) >> MSFP does not change >> VR decreases so the curve 

will shift downward & to the left. 

 

 

 

Sympathetic stimulation >> veno-constriction >> increase MSFP >> VR curve will shift to 

the right & upward  

Sympathetic inhibition >> VR curve will shift to the left & downward  

 

 

 

 

 

 

 

 

R inversely related to VR  

VR =   ΔP / R 

Sympathetic effect on the VR curve  

                                  

Additional image  
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1. Thiamine deficiency  

Thiamine deficiency >> cause arteriolar dilation >> decrease resistance >> increase VR  

Thiamine deficiency = Vitamin B1 deficiency (Beriberi) 

2. A-V fistula  

An arteriovenous fistula is an abnormal connection or passageway between 

an artery and a vein. It may be congenital or surgically created 

for hemodialysis treatments (in this case it’s called “AV shunt”).  

Hemodialysis = means that blood is taken from an artery to be filtered and then 

returned back to a vein    

AV shunt >> shunts blood from an artery to a vein 

bypassing the capillary network >> resistance 

decreases >> increase in VR 

 

 

 

 

 

3. Hyperthyroidism 

Elevated thyroid hormone level >> increases metabolism >> increases CO2 release (CO2 

is a vasodilator) >> resistance decreases >> VR increases  

 

 

What is the difference between a fistula and a shunt? 

 

A shunt is a term for the connection that shunts blood from an artery to a vein, 

bypassing the microscopic network in the tissues that normally connect them. This 

allows a high blood flow access for pulling blood from the body to the dialysis filter. A 

fistula is a shunt that has a direct connection of a native artery and native vein, rather 

than using an artificial tube to make the connection.  
 

Source: HealthTap, https://www.healthtap.com/user_questions/26949 

 

Certain cases that affect VR  

                                  

https://en.wikipedia.org/wiki/Artery
https://en.wikipedia.org/wiki/Vein
https://en.wikipedia.org/wiki/Hemodialysis
https://www.healthtap.com/topics/dialysis
https://www.healthtap.com/topics/fistula
https://www.healthtap.com/user_questions/26949
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4. Anemia  

Decrease in the number of blood cells >> decreases viscosity >> decreases resistance >> 

increases VR  

5. Sympathetic  

Sympathetic stimulation >> veno-constriction >> increase in MSFP >> VR increases  

6. Blood volume  

Increase in blood volume >> increase in MSFP >> VR increases 

7. Venous compliance 

Venous compliance = increase in volume without an increase in pressure  

 

 

 

 

This happens in neurogenic shock, so when you receive happy/sad (usually sad) news 

this leads to inhibition of the sympathetic innervation >> venodilation >> increases 

venous compliance >> VR decreases  

8. Obstruction of veins (not mentioned in the lecture) 

Obstruction of veins >> increases resistance >> VR decreases  

 

 

 

 

 

Veins are a low pressure blood collecting system in our bodies which means that 

they can accommodate a large volume of blood with a small change in pressure, so 

veins have high compliance. 

. 
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CO and VR can be put together in the same curve (as shown in the graph below) 

because CO =VR 

  

This is the point of intersection when there is sympathetic stimulation. In this case the 

CO & VR will increase. 

 

 

This is the point of 

intersection between normal 

CO curve & normal VR curve 

& it represents the working 

CO. 

 

 

 

 

 

 

 

 

 

 

  

     Sympathetic effect on CO & VR                              
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 Point out the physical characteristics of the circulation : 

o distribution of blood volume 

o total cross sectional area 

o velocity  

o blood pressure 

  List the determinants of blood flow (pressure gradient ΔP and resistance ) 

  Define and calculate blood flow, resistance, and pressure  

  Define and calculate conductance (conductance is the inverse of resistance) 

  Apply Poiseulle’s law (which is a law of flow) 

 

 

 

What’s the function of blood flow to the tissue?  

 Delivery of O2 and removal of CO2 from tissue cells. 

 Gas exchange in lungs. 

 Absorption of nutrients from GIT. 

 Urine formation in kidneys. 

 

 

Hemodynamics                                                      

Objectives                               

   Function of the Circulation                     
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There are 2 types of circulations: 

 Pulmonary (lesser) circulation 

 Systemic (greater) circulation 

  

The exchange occurs ONLY at the level 

of capillaries.  

 

 

 

 

 

*The professor said that he will not talk about 

capillaries BUT he will ask us about them. 

The capillaries do not have smooth muscles 

so there is neither vasoconstriction nor 

vasodilation in the capillaries.   

Vasoconstriction & vasodilation are present 

in arterioles & venules.  

 

 

 

   The Circulatory System  

   The Capillaries   
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 Blood = 5 litres 

 2/3 of our blood is found in the veins. 

That’s why venoconstriction & venodilation affect the MSFP much more than 

vasoconstriction & vasodilation of the arteries. 

 < 15 % of our blood volume is found in the arteries at any instance. 

 Flow in every part of the circulation is the same.  

 The flow in the aorta per minute = the flow in all big arteries per minute = the 

flow in the whole medium size arteries per minute = the flow in all capillaries per 

minute = CO 

 There are around 12 billion capillaries in our body. 

 Every small capillary has blood flow & it’s so small, BUT when you multiply by 12 

billion, the end result = CO  

 

 

   Blood Volume Distribution 
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 Systemic Circulation  

- Serves all tissues except the lungs 

           - Contains 84% of blood volume 

           - Also called the peripheral circulation 

 Pulmonary Circulation 

           - Serves the lungs 

           - Lungs contain 9% of the blood volume 

           - Heart contains 7% of the blood volume 

 

 

 

 60% of the blood is in the veins. 

 Under various physiological conditions, blood is transferred into arterial system to 

maintain arterial pressure. 

 The spleen, liver, large abdominal veins, and the venous plexus also serve as 

reservoirs. 

 Spleen also serves as a special reservoir for red blood cells. 

 

 

 

 

Systemic & pulmonary circulation  

     Blood Reservoir Function of Veins 
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 Blood flow to tissues is controlled according to tissue needs (the need for O2). 

 Cardiac output is mainly controlled by local tissue flow. 

 CO = Sum of blood flow to the tissues so if the CO increases the flow will increase 

& vice versa  

 Arterial pressure is controlled independently of local blood flow control and 

cardiac output control. 

Our mean systemic arterial pressure stays almost constant because there are too many 

factors that play a role in maintaining it. 

When the MSFP is almost constant, how can the tissue blood flow be increased? 

By vasodilation & decreased by vasoconstriction. 

 

 

 

 

 

   

 

 

 

 

 

Basic Theory of Circulatory Function 

Pressure Changes in the Circulation 
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Arterial Pressure Change 

In aorta, pressure ranges between 80 to 120. 

The most important pressure is the MAP (NOT the systolic & diastolic pressures).  

MAP = 1\3 systolic pressure + 2\3 diastolic pressure  

This is due to the fact that the duration of ventricular systole = 0.3 seconds, while the 

duration of ventricular diastole = 0.5 seconds.  

MAP in the aorta is around 93 mmHg. 

One of the characteristics of pressure in the aorta is its pulsatility. 

Flow = ΔP / R 

Let’s assume that the MAP in the aorta is 100 and the MAP in the arteries is 95 >> then     

ΔP = 100 – 95 = 5 mmHg. 

In order for the flow to remain the same, resistance should equal 5, so 5/5 = 1.  

When you come to the beginning of the arterioles, the pressure = 85. 

ΔP = 100 – 85 = 15 mmHg >> so the resistance = 15   

The pressure at the beginning of arteriole = 85 & at the end of the arteriole = 35  

 P =  85 – 35 = 50 so resistance = 50  

* The greater drop in the pressure is when there is high resistance (R) 

The arterioles are the major resistance vessels.  

We call the veins capacitance vessels because they have a large capacity.  

* There is no pulse in the capillaries or in the veins so if you feel the pulse in a vein or 

capillary >> then this is an abnormality. 
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*Beyond the arterioles, pulsatility of the arterial system lost (there is damming for the 

pulsation because of the very high resistance). 

The pressure is dropping from the aorta to the Rt atrium (pressure = 0). 

This happens in order to have a pressure gradient which allows blood to flow.  

 

• There are high pressures in the arterial part of the circulation. 

• There are low pressures in the venous part of the circulation. 

•  There is a large pressure drop across the arteriolar-capillary junction. 

 

Sorry for any mistake  

Done by: Shahd Rihan  

 

 

Revised and Edited by: Amer M. Sawalha 


