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9 The veins are embedded within 
skeletal muscles that when contract 
squeeze the veins and push the blood 
upward toward the heart. 
 

9 Veins have valves. When these valves 
are normal, they prevent blood from 
going down due to gravity. They close 
and keep little amount of blood. 
Because of this the blood column is 
discontinuous and the pressure in the veins is maintained low. 

Why does that happen? 

Let's assume that the right atrium is 
our zero point and from there until the 
toe we have a continuous blood vessel 
that has a length of 136 cm, what is 
the pressure at the lowest point? 
- Height from the right atrium = 136cm 
- Pressure = blood column/density of 
mercury= 136/13.6= 10 cmHg= 100 
mmHg  
The pressure down there is normally 
much lower than that, so here lies the 
problem of standing still for a long 
time.  
* Abdominal pressure also tends to 
increase venous pressures in the legs. 

Clinical application: 
When someone stands for a long time, blood will be collected around the valves. This causes the valve 
to slightly open and the blood column will become continuous. By time, the valve will become 
incompetent and this increases the pressure in the affected veins leading to varicose veins. These 
veins are congested, dilated, tortuous and blue. 
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Central Venous Pressure (CVP): 
 
9 It is the pressure in the right atrium 
9 /Ŷ�ƚŚĞ�ƌŝŐŚƚ�ĂƚƌŝƵŵ��sW�ŝƐ�ƵƐƵĂůůǇ�ϬŵŵŚŐ͕�ďƵƚ�ŝƚ�ŵŝŐŚƚ�ƌĞĂĐŚ�ϮϬŵŵŚŐ�ĂŶĚ�ŝƚ͛Ɛ�Ɛƚŝůů�

considered normal 
9 Increase in right atrial pressure causes blood to back up into the venous system 

(venous return decreases) thereby increasing venous pressure 
9 To monitor thĞ�ƌŝŐŚƚ�ĂƚƌŝĂů�ƉƌĞƐƐƵƌĞ�ǁĞ�ƵƐĞ�Ă��ĂƚŚĞƚĞƌ�͞ĐĞŶƚƌĂů�ǀĞŶŽƵƐ�ůŝŶĞΗ͘ 
9 CVP should be monitored in heart failure patients because increased CVP may lead to 

sudden death, especially when giving IVF fast and haphazardly 
9 Right atrial pressure (RAP) is determined by the balance of the heart pumping blood 

out of the right atrium and flow of blood from the large veins into the right atrium. 
When pumping decreases or the venous return increases, right atrial pressure will 
increase. 

 
 

Factors that increase RAP: 
1- Increased blood volume: Pressure increases everywhere including in the right atrium. 
2- Increased venous tone: ŵŽƌĞ�ǀĞŶŽĐŽŶƐƚƌŝĐƚŝŽŶ�ї�ƉƵƐŚes more blood to atria 
ї�ŝŶĐƌĞĂƐĞĚ�ƉƌĞƐƐƵƌĞ�ŝŶ�ƌŝŐŚƚ�ĂƚƌŝƵŵ 
3- Dilation of arterioles: Dilation of ĂƌƚĞƌŝŽůĞƐ�ї�ůĞƐƐ�ƌĞƐŝƐƚĂŶĐĞ�ї�ŵŽƌĞ�ďůŽŽĚ�ĨůŽǁї�
increased RAP 
4- Decreased cardiac function: When pumping ŝŶĐƌĞĂƐĞƐ�ї�End systolic volume (ESV) 
ĚĞĐƌĞĂƐĞƐї�Z�W�ĚĞĐƌĞĂƐĞƐ�ďĞĐĂƵƐĞ�Z�W�reflects how much blood is found in the ventricle. 
On the other hand, when cardiac functions decrease RAP increases. That's why it should be 
monitored in patients with heart failure. 
 
Factors that facilitate Venous Return: (Cardiac output increases in all scenarios)  
 
1. skeletal muscle contraction: tŚĞŶ�ŵƵƐĐůĞƐ�ĐŽŶƚƌĂĐƚ�ї�ŝŶĐƌĞĂƐĞĚ�ǀĞŶŽƵƐ�ƉƌĞƐƐƵƌĞ�ї�
ŝŶĐƌĞĂƐĞĚ�ŐƌĂĚŝĞŶƚ�ďĞƚǁĞĞŶ�ƚŚĞ�ǀĞŝŶƐ�ĂŶĚ�ƌŝŐŚƚ�ĂƚƌŝƵŵ�їŝŶĐƌĞĂƐĞĚ�ǀĞŶŽƵƐ�ƌĞƚƵƌŶ� 
2. Veno-constriction ї�ŝŶĐƌĞĂƐĞĚ�ǀĞŶŽƵƐ�ƉƌĞƐƐƵƌĞ�ї�ŝŶĐƌĞĂƐĞĚ�ŐƌĂĚŝĞŶƚ�ї�ŝŶĐƌĞĂƐĞĚ�
venous return  
3. Blood volume: increased ďůŽŽĚ�ǀŽůƵŵĞ�ŵĞĂŶƐ�ŵŽƌĞ�ƉƌĞƐƐƵƌĞ�ї�ŝŶĐƌĞĂƐĞĚ�ǀĞŶŽƵƐ�
ƉƌĞƐƐƵƌĞ�ї�ŵŽƌĞ�ŐƌĂĚŝĞŶƚ�ďĞƚǁĞĞŶ�ǀĞŝŶƐ�ĂŶĚ�ƌŝŐŚƚ�ĂƚƌŝƵŵ�ї�ŵŽƌĞ�ǀĞŶŽƵƐ�ƌĞƚƵƌŶ� 
4. Respiration: IŶƐƉŝƌĂƚŝŽŶ�ї�ǀŽůƵŵĞ�ŝŶ�ƚŚĞ�ĐŚĞƐƚ�ŝŶĐƌĞĂƐĞƐ ї�ƉƌĞƐƐƵƌĞ�ŝŶƐŝĚĞ�ĂůǀĞŽůŝ�
decreases (according to boyle's law) ї�ůĞƐƐ�ƉůĞƵƌĂů�ƉƌĞƐƐƵƌĞ ї�ůĞƐƐ�ƌŝŐŚƚ�ĂƚƌŝĂů�ƉƌĞƐƐƵƌĞ�ї�
more venous return. 
Expiration: The other way around ^^ 
5. Cardiac function: if it increases ї�љ�^sї�Z�Wљ�ї�ŝŶĐƌĞĂƐĞĚ�ŐƌĂĚŝĞŶƚ 
ї ŝŶĐƌĞĂƐĞĚ�ǀĞŶŽƵƐ�ƌĞƚƵƌŶ�ї�dŚŝƐ�ŝƐ�ĐĂůůĞĚ�ĐĂƌĚŝĂĐ�ƐƵĐƚŝŽŶ͘ 
6. Venous Return is decreased if valves are incompetent.  
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Venous Return Curve: 
We can understand it by using the concept 
of communicating vessels. (if we stop the 
heart and just pour the blood in the vessels, 
the level of blood will be parallel in all these 
vessels (just like the figure) and if we add 
more blood the level will rise in all vessels by the same amount. If we lowered the pressure 
in one of them, water would flow to this vessel from all other vessels (from high to low 
pressure), until they are all equal and happy again. 
Now that all vessels are equal, the arterial pressure in every single one of them is called 
mean systemic pressure because it is the same pressure in all vessels of the systemic 
circulation. Makes sense, right? 

EŽǁ�ůĞƚ͛Ɛ�ĐŽŶƐŝĚĞƌ�the right atrium a part of the game. It has the same pressure as other 
vessels and no blood is flowing anywhere. If right atrial pressure decreases below 8mmHg, 
a gradient will form between right atrium and systemic circulation. 
/Ĩ�ƉƌĞƐƐƵƌĞ�ŝŶ�ƌŝŐŚƚ�ĂƚƌŝƵŵ�ŝƐ�ϲŵŵ,Ő�ƚŚĞƌĞΖƐ�Ă�ůŝƚƚůĞ�ĨůŽǁ͘�tŚĞŶ�ŝƚ͛s 5mmHg, flow will 
ŝŶĐƌĞĂƐĞ�͞ŵŽƌĞ͟�ĂŶĚ�ƐŽ�ŽŶ͘�dŚĂƚ͛Ɛ�ǁŚǇ�ǁĞ�ĐĂŶ�ĐĂůů�ƚŚĞ�ŵĞĂŶ�ƐǇƐƚĞŵŝĐ�ƉƌĞƐƐƵƌĞ�;D^W,�Žƌ�
mean systemic filling pressure) because the difference (gradient) between MSFP and atrial 
pressure is what causes its filling. 
When the atrial pressure reaches zero, the venous return will be max at 5L/min. When 
pressure in the right atrium becomes negative, however, vessels will collapse and venous 
return will no longer increase (plateau in the figure below). 

 

 

 

 

 

 

 

 

 
 

History Class: 
The first person to measure the mean systemic pressure 
was Guyton. He first measured it in dogs, then tried to do 
so in humans and found out that it was about 8 mmHg 
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What does affect MSFP? 
 
1. IV fluid infusion: increased fluid or ďůŽŽĚ�ǀŽůƵŵĞ�ŝŶĐƌĞĂƐĞƐ�ǀĞŶŽƵƐ�ƌĞƚƵƌŶї�ƐŚŝĨƚ�ƚŚĞ�
curve to the right and upward. That's why when someone has hypotension, we give 
him/her IV fluid. 
2. Sympathetic stimulation: It causes veno-constriction and consequently higher venous 
pressure. Sympathetic inhibition goes other way around ^^ 
3. Hemorrhage and dehydration: ŵĞĂŶƐ�ůŽǁ�ďůŽŽĚ�ǀŽůƵŵĞ�ї shift the curve to the left and 
downward 

 

Effect of Resistance: 

increasing or decreasing TPR (total 
peripheral resistance) has no effect on 
MSFP because resistance is mainly in the 
arterioles, and arterioles contain little 
amount of blood, so it won't affect the 
MSFP. However, venous return can 
change. When the resistance is 
decreased, venous return will increase 
and vice versa. 
 
 
 
Other factors affecting venous return: 
1- Thiamine deficiency ;�ĞƌŝďĞƌŝͿ͗�ƚŚĞ�ĂƌƚĞƌǇ�ďĞĐŽŵĞƐ�ĨůĞǆŝďůĞ�ї��ƌƚĞƌŝŽůĂƌ�ĚŝůĂƚĂƚŝŽŶ ї�
љZsZ�;ƌĞƐŝƐƚĂŶĐĞ�ƚŽ�ǀĞŶŽƵƐ�ƌĞƚƵƌŶͿ�ї�јǀĞŶŽƵƐ�ƌĞƚƵƌŶ� 
Remember: VR = (MSFP - RAP) /RVR  
2- AV 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. 
/ƚ�ƐŚƵŶƚƐ�ďůŽŽĚ�ĨƌŽŵ�ĂŶ�ĂƌƚĞƌǇ�ƚŽ�Ă�ǀĞŝŶ�ďǇƉĂƐƐŝŶŐ�ƚŚĞ�ĐĂƉŝůůĂƌǇ�ŶĞƚǁŽƌŬ�ї�ƌĞƐŝƐƚĂŶĐĞ�
ĚĞĐƌĞĂƐĞƐ�ї�ŝŶĐƌĞĂƐĞ�ŝŶ�sZ͘ 
* Hemodialysis means that blood is taken from an artery to be filtered in a machine and 
then returned to a vein. Making an AV fistula makes this procedure easier.*  
3- Hyperthyroidism ї�K2 ĐŽŶƐƵŵƉƚŝŽŶ�ŝŶĐƌĞĂƐĞƐ�ї��ůŽŽĚ�ǀĞƐƐĞůƐ�ƌĞůĂǆ�ŝŶ�ƌĞƐƉŽŶƐĞ�ї�
љZsZ�ї�јǀĞŶŽƵƐ�ƌĞƚƵƌŶ 
4- Anemia͗�ĚĞĐƌĞĂƐĞĚ�ŶƵŵďĞƌ�ŽĨ�Z��Ɛ�ї�ĚĞĐƌĞĂƐĞƐ�ǀŝƐĐŽƐŝƚǇ�ї�љZsZ�ї�јǀĞŶŽƵƐ�ƌĞƚƵƌŶ 
5- Venous compliance (muscle contraction): As we said before, veno-constriction increases 
venous pressure. However, muscle contraction also increases RVR. So we have two 
opposing factors. If the increase in venous pressure was higher than the increase in RVR, 
venous return increases, and vice versa.  
6- Obstruction of veins ї јZsZ ї less venous return 
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This figure shows curves of both Cardiac output and Venous return in different conditions. 
As you can see (hopefully) the points of intersection are the ͚ǁŽƌŬŝŶŐ�ĐĂƌĚŝĂĐ�ŽƵƚƉƵƚ͛ or the 
cardiac output that͛s found in our body. So, in normal conditions it is about 6L (white 
curves). In the case of sympathetic stimulation, the venous return curve is shifted upward 
and to the right as we said earlier. The cardiac output is also shifted upward so now we 
have a new intersection point, and the working cardiac output would become higher (10L 
for instance). 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

 
 

Good Luck!! 

EŽƚĞ͗�WůĞĂƐĞ�ƵŶĚĞƌƐƚĂŶĚ�ĂŶĚ�ĚŽŶ͛ƚ�ũƵƐƚ�ŵĞŵŽƌŝǌĞ 
Reversing any of the factors mentioned above would lead to the opposite effect. For example: Increasing 
blood volume increases MSFP and venous return, so decreasing it would decrease venous return. Makes 
sense, right?  


