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Long term regulation of blood pressure 

 

In the previous lecture we talked about the short term regulation of blood 

pressure which is mainly controlled by the nervous system, in this lecture we are 

going to talk about the long term regulation of blood pressure which is mainly 

controlled by the renal system.  

How does the long term regulation of blood pressure work??? 

Imagine that you have a patient that has a reduced blood pressure caused by 

hemorrhage, now when the blood pressure decreases the cardiac output will 

decrease, and if you remember we said the blood pressure = flow *resistance , so 

now as the flow decreases (because of the decrease of the cardiac output) it will 

decrease the pressure.  

The first response to this decrease blood pressure will be through baroreceptors 

that will respond by causing vasoconstriction, increasing the heart rate, and 

increasing contractility of the heart, so in this way it will cause increase in the 

cardiac output which will lead to the increase in volume of blood in the vessels, 

and the vasoconstriction will lead to increase in total peripheral resistance and by 

this the pressure will increase.  

If a patient lost 1L of blood the baroreceptor response will be enough to nearly 

bring back the blood pressure to normal that is why in mild hemorrhage this 

compensatory mechanism can bring back the blood pressure, but if the bleeding 

continues so that significant amount of blood has been lost the pervious 

responses which is vasoconstriction, tachycardia, and increased contractility will 

not be enough to bring back the blood pressure to normal, and if you remember 

there are other short term mechanisms that we talked about such as 

chemoreceptors that can effect and regulate blood pressure, but there effect is 

not significant enough to compensate the large blood loss, so in this case the long 

term regulation will come in action mainly involving the kidney.  

We call it long term regulation because the kidney’s response to hypotension 

takes about 30 minutes, while the response of baroreceptors happens within 

seconds, so what will exactly happen in long term regulation??  
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Now the curve above is called  the renal (intake/output curve), now we usually 

intake water and salts and excrete them through the kidneys, the more the intake 

the more the output will be, and the by the end of the day the same amount that 

you have taken of water and salts should be the same as that excreted by the 

kidneys, if there is any imbalance between the input and the output there will be 

either dehydration or edema, so in this curve you can see that on the X axis you 

have the arterial pressure, and on the Y axis you  have the renal output, and as 

you can see at pressure equal to 50mm of hg there will be no urine output and all 

the fluid will be retained in the body because there is no fluid filtrate and any fluid 

that passes through the kidney will be reabsorbed, this is the same as we said 

when the blood pressure is 60 there will be no baroreceptor response because 

the blood pressure is too low.   

The macula densa which is present at the juxtaglomerular part of the nephron in 

the kidney, contains cells that are volume receptors (sensitive to the change of 

volume), if there is hypotension, and the blood flow to the macula densa will be 

reduced, these cells will be stimulated and release renin, and renin will convert 

into angiotensin1 that will convert into angiotensin 2 by the action of the 

converting enzymes, and angiotensin 2 will do 3 functions:  

1. Generalized vasoconstriction  increase the total peripheral resistance.  

2. Direct effect on the renal tubule to increase reabsorption of fluid  increase 

    the fluid volume. 

3. Indirect effect on renal tubules by stimulating the secretion of aldosterone that 

    will increase the reabsorption in renal tubules.  



 3 

So the angiotensin increases the blood pressure by increasing both the volume of 

blood and the total peripheral resistance, while the nervous system only acts by 

increasing the total peripheral resistance, although the nervous system does 

increase the heart contractility and the cardiac output but that doesn’t increase 

the volume.  

So to recap the angiotensin increases both peripheral resistance and volume of 

the blood causing an increase in the pressure, while the baroreceptors only 

increase the peripheral resistance and don’t increase the volume because they 

don’t increase the reabsorption in the kidneys.  

So when blood pressure drops, first the baroreceptors will interfere and if they 

were able to bring the pressure back to normal that’s good, if not the kidneys will 

be involved, and the kidney responds accordingly (meaning if there was increase 

or decrease in the blood pressure the kidney will respond), we talked about when 

there is a decrease in blood pressure but what if the opposite happens and the is 

an increase in the blood pressure??????  

What happens in this case is that the blood flow to kidneys will be reduced, and 

the cells in the macula densa will sense this reduced blood flow and decrease the 

formation of renin which will lead to the decrease in the secretion of angiotensin 

that will lead to decrease reabsorption and decreased secretion of aldosterone, 

by that it will increase the formation of some urine and get rid of some fluid and 

bring back the blood pressure back to normal.  

Now, people who are taking too much salt, the osmolarity will increase, 

stimulating the third center in the brain and that will make us feel thirsty so we 

will drink more water, so in this case the volume of fluid will increase and with it 

the excretion of fluid will increase through the angiotensin system bringing the 

volume back to normal, that is why we advise people not to consume much salt, 

because with time your body will develop some resistance and more angiotensin 

receptors and this may lead to abnormality causing hypertension.  

Anything that stimulates the release of angiotensin (such as decreased blood flow 

to kidneys) will increase blood pressure.  

If a person has renal artery stenosis (decreased diameter or renal artery), this will 

lead to decreased blood flow to the kidney, and eventually the release  of 
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angiotensin,  but what you have to note that the blood flow is normal everywhere 

in the body except the kidneys, and the released angiotensin will circulate all 

around the body, causing increased resistance and increased fluid retention in the 

kidneys, which will lead to increase blood pressure, and this is one way how 

people develop hypertension.   

Another way for developing hypertension is when you have a tumor in the 

adrenal gland that releases epinephrine and norepinephrine (these two hormones 

are released in case of sympathetic stimulation, and they cause vasoconstriction), 

so they will increase the peripheral resistance and cause hypertension and this 

case is called pheochromocytoma .  

  

 

the straight line is the intake of salt and water, and the curve is the renal output 

of salt and water, the line and curve meet at a point which is called the 

equilibrium point (used to regulate the arterial blood pressure), at this point the 

intake of salt and water is equal to the output of salt and water, and the pressure 

at this point is equal to 100 mm of Hg, in curve B the equilibrium point is different 

and at a pressure equal to 150 mm of Hg but how did that happen??? (Note that the 

new equilibrium point established indicates that the patient has hypertension).   
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what the doctor explained about this subject wasn’t completely clear so I will write his explanation in 

this font size and the books explanations in the larger size.  

what the doctor said: if the excretion decreases, while the intake is the same, so the equilibrium point is 

now at a 150 mm of Hg and this means that the kidneys function is not enough to excrete excess fluid 

from the body. (note this is the red curve pic A)  

and if the salt and water intake increases, but the excretion stays normal the new equilibrium point will 

be at 150 mm of Hg. (pic B)     

There are 2 factors that determine long term arterial pressure which are:  

1. The renal output curve of water and salt.  

2. The level of salt and water intake.  

In order to effect the long term arterial pressure you have to alter these 2 factors.  

In the previous graph (red curve in pic A) the renal output curve was shifted to the 

right and this established a new equilibrium point that indicates hypertension in 

the patient. 

Although greater salt and water intake can theoretically elevate arterial pressure, 

the body has multiple neuro-humoral mechanisms that protect against large 

increases in arterial pressure when salt and water intake is elevated. This is 

accomplished mainly by decreasing the formation of angiotensin II and 

aldosterone, which increases the ability of the kidneys to excrete salt and water 

leading to decreased pressure.  (That was the book’s explanation).  

When you have a patient with hypertension the first thing you look for is kidney 

function.  

You will take hypertension in your first medicine lecture and they will tell you that 

there is essential and secondary hypertension, and the first case of secondary 

hypertension is when there is kidney function abnormality.  

Keep in mind that we have 2 kidneys and any one of us can live with half a kidney, 

and the people who donate 1 kidney still have the other which half of it is enough 

if the person was normal, so the manifestations of kidney failure appear on the 

patient when up to 70-75% of the kidney has lost its function, if each kidney loses 

30% of its function this could lead to the appearance of the manifestation.  

so if a young patient comes to you with hypertension you have to look for the 

cause, it could be caused by renal artery stenosis or a tumor in the adrenal gland, 
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but if an old patient comes to you with hypertension you still have to look for the 

cause but if you don’t find it then you say that it is essential hypertension.   

 

So if the arterial pressure increase the output will decrease and when the total 

peripheral resistance increases there will be vasodilation and the output will 

increase.  

so people with hypertension, if it was essential the main cause is atherosclerosis 

but if it was non-essential the main cause is hormonal, angiotensin, adrenaline 

and noradrenaline, steroids in the case of Cushing syndrome, taking contraceptive 

pills, preeclampsia ( is when pregnant women develop very high hypertension). 

So the kidney is involved in long term regulation of blood pressure and we said 

that it is long because it takes the angiotensin to completely exert its effect about 

30 minutes, and this happens incase baroreceptors and the nervous system 

couldn’t handle the decreased blood pressure.  

so as I said when the blood pressure is too low the baroreceptors won’t be 

activated and there will be no urine formation, and the patient will have what is 

called a shock, and to follow up with these patient we put a catheter in the 

urinary bladder as if there is urine formation that is a good indication and means 

that the patient is improving, and if urine is not formed this is bad.  

So formation of urine is an important indicator in case of severe heart failure of 

shock because in these two cases there will be severe hypotension that will lead 
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to low kidney perfusion secretion of angiotensin salt and fluid retention.  

 

 increasing the cardiac output increases the blood pressure by 2 ways: 

1. it increases the flow of blood though vessels.  

2. it causes autoregulation: and this is when flow through vessels increase the 

vessels will respond to increased flow by vasoconstriction to reduce the flow back 

to normal, and this will cause increased peripheral resistance which will increase 

blood pressure.    

the doctor just went through these graphs as a summary of  the lecture:  
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the doctor said that the pervious graph is called the volume loading hypertension 

graph and that it will be explained to you in the medicine lecture about 

hypertension, but if not you can go to the doctor and he will explain it.  

 

 

 

 

 

 

 

 

 

 

 

 

The doctor repeated this information a lot: that the angiotensin system increases 

blood pressure by causing both the increase in volume of blood and 

vasoconstriction while the nervous system (baroreceptors) increases blood 

pressure by causing vasoconstriction only.   

  

the doctor just went through this picture.  



 9 

  
  

 Now as for this graph: this is a summary of all curves for the regulation of blood 

pressure, you can divide it into 3 levels:  

1. The acute or fast level: which includes the baroreceptors, chemoreceptors, and 

the CNS ischemic response, anything that the nervous system is considered as a 

fast response.  

2. The intermediate level.   

3. The long term level.    

the regulation of all of the human body happens by two systems the nervous 

system and the endocrine (hormonal) system, the nervous system is like having a 

wired phone (there is direct connection), while the hormonal system is like a 

wireless phone (there is no direct connection), and this actually takes time 

because you need to form the hormone and then release it to the blood to reach 

the receptors and then exert its effect.  

So the first response is the baroreceptors, chemoreceptors, and CNS ischemic 

response, and if you look at the graph you can see that before the renin-

angiotensin system there is stress relaxation, capillary fluid shift, but what is that? 

as we said when blood pressure decreases in the vessels it will also decrease in 

the capillaries, so this will cause shifting of the fluid from the interstitial 

compartment to the capillaries (because the pressure inside capillaries is less than 
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the pressure inside the interstitium), to increase the fluid volume inside the 

capillaries and this is called capillary fluid shifting, and note that there will also be 

dilation of the arterioles to increase the flow of fluid to capillaries.  

And after that the long term regulation will come taking more than 30 minutes, 

while the intermediate takes a few minutes, and the acute only takes seconds.  

As for the capillaries there is something that the doctor likes you to know 

regarding the filtration process in capillaries, that there is something called the 

filtration coefficient and it reflects the ability of capillaries to filtrate, and it differs 

from one part of the body to the other, and this difference is because of the 

difference in the types of capillaries around the body (difference among the pores 

of different capillaries), the highest filtration coefficient is in the liver (liver 

sinusoids), and the lowest coefficient is in the brain because of the presence of 

the blood brain barrier.    

so this is extremely important in high blood pressure, if you look at the curves 

again you will see that the baroreceptor response is the main response, and the 

chemoreceptors and the CNS ischemic response will not be involved in high blood 

pressure, that is because when the blood pressure increases there will be a good 

amount of blood reaching the CNS so the CNS ischemic response will not be 

involved and there will be good O2 saturation in the blood so the chemoreceptors 

will not be involved.  

And then if the blood pressure increases it will lead to increased filtration in the 

capillaries  increased fluid in the intrastitium that will lead to edema, but this 

process takes time.       

So there is a buffer system that goes in both ways (meaning that this buffer 

system will work either if there is increase or decrease of blood pressure), and 

both baroreceptors and in the renin angiotensin system are considered as buffer 

systems.   

A student asked if the chemoreceptors is considered to be a buffer system??? 

The doctor Said that it is not because the chemoreceptors only work when the 

blood pressure is low but the buffer system works in either way (if the blood 

pressure was high or low).   
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This lecture is done  but the doctor continued to explain something in the lab 

about the heart sounds.  

You have a first heart sound S1, and a second heart sound S2, but in between 

them what do you have????  

  S1 S2 S1 

  

   Systole Diastole 

   

 

 

              Systolic murmur  

S1: is developed because of the closure of the AV valves.  

S2: is developed because of the closure of the semilunar valves.  

But if you closely listen to these sounds you will find that the intensity of S2 is 

more than the intensity of S1 but why???   

1. Because the pressure across the semilunar (aortic and pulmonary valves) is 

high.  

2. The semilunar valves are narrower than the AV valves.   

Simple way to explain this is that when you there is a door that is not closed 

completely, it has a narrow opening, and as the wind passes through the narrow 

opening it will give a louder sound than that of a fully opened door.  

That is why the intensity of S1 is about 30 HZ while the intensity of S2 is about 40 

HZ.  

during systole we don’t have any sounds (because the valves are opened), and 

during systole the opened valves are the semilunar valves, now let’s say for 

example that the aortic valve is narrowed (aortic stenosis), this will result in an 

abnormal sound, and that is because of the turbulent flow of blood against the 

narrowed valve, and this abnormal sound is called a murmur.  
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So if this abnormal sound developed in systole it is called a systolic murmur (when 

there is aortic valve stenosis).  

Now during systole the AV valves are closed, imagine that the mitral valve is not 

closed properly, this will result in the backflow of blood, and the back flow will be 

a turbulent flow, so it will result in a murmur.  

So the systolic murmur can develop if you have semilunar valve stenosis or AV 

valve regurgitation or incompetence.  

During diastole the murmur develops in an opposite way to the systolic murmur 

(when there is AV stenosis, and semilunar valve regurgitation).  

 So as for the heart sound you need a lot of practice to differentiate between 

normal and murmurs, and you will even need one year to differentiate between 

the first and second heart sound.   

Sometimes the calcification on valves could lead to stenosis of these valves or 

could cause incompetence, and this will also result in systolic and diastolic 

murmurs.  

Of course later on in medicine, you will listen to a lot of murmurs, and with 

experience you will be able to distinguish between them, there are different types 

of murmurs such as the ejection murmur, the rumbling murmur, but there is a 

specific type of murmur that I want you to know about which is the continuous 

murmur.   

During the embryological life the lungs of the embryo are not functional, and the 

pressure in the pulmonary artery is more than that of the aorta, because the 

lungs are closed, so the blood that goes through the pulmonary artery will move 

to the aorta though the ductus arteriosus.  

 The ductus arteriosus will close within hours or within a day after birth, and the 

closure happens by two means:  

1. After birth the lungs get inflated and the pressure in the pulmonary artery 

will decrease and become less than that of the aorta, so the blood will 

move from the aorta to the pulmonary artery and it will be oxygenated, 

and by the effect of oxygen tension will cause constriction of the ductus 

arteriosus.   
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2. The absence of prostaglandin E2 will lead to the constriction of the 

ductus arteriosus.   

If it is not closed this will result in a condition called the patent ductus arteriosus, 

and this means that there will be a continuous flow from the aorta to the 

pulmonary artery, and the blood is flowing through a narrow (an area with 

stenosis) area, that will result in a turbulent flow continuous murmur, and this 

murmur is only developed in patient with PDA (patent ductus arteriosus), and 

with the presence of this murmur you can’t differentiate between S1 and S2.  

Children with these conditions have to be diagnosed early, because if they are not 

diagnosed within 5 years they will develop heart failure and die, and the 

treatment is very simple, they put a balloon in the ductus arteriosus and they 

inflate the balloon to close it.  

The end  

Done by: Abdullah Rabah.   

Edited by: Rawad Khanfar 

  

  

 

 

 

 

 

  

 

 


