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 Continuation of the previous lecture “cardiac cycle lecture”: 

 This is the pressure volume curve: which shows the relation 

between the left ventricular volume and left intraventricular 

pressure, and this what the doctor mentioned about it: 

1. The diastolic period: from D to A to B. 

2. The systolic period: from B to C to D. 

3. Isovolumic contraction: no change in volume, pressure. 

4. Period of ejection:  volume,  pressure. 

5. Isovolumic relaxation: no change in volume, pressure. 

6. Period of filling. 

 During this process, there is energy used which is called “heart 

output work” and it is how much energy the heart will use. 

*mainly the heart uses most of this energy to increase the 

pressure (about 99%) and very minimal portion for pushing or 

increasing the velocity (1-2%). 
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Now we will start our lecture the cardiac output: 

Firstly, is the heart performing its function normally or not? 
Which is the output. 

For the output, there is more than one definition: 

How much blood is coming from the heart related to the need of the 
body. 

 The volume of the blood that can be pumped from the right or the left 
ventricles. 

  Now we have to determine if it’s normal or not, by: 

1. Cardiac output, but before than we need to know: EDV, ESV and SV 

 End diastolic volume (EDV): The volume of blood found in each 
ventricle before the beginning of the systole (preload). 

 End systolic volume (ESV): the amount of blood found in each 
ventricle at the end of the systole. 

 Stroke volume (SV): the amount of the blood pumped per one beat 
from the heart. 

The difference between the EDV and ESV is SV: 

EDV - ESV = SV 
 Now the cardiac output (CO): the amount of blood pumped per one 

minute from the heart. 

SV × HR = CO 
*HR: Heart rate. 

2. Cardiac index(CI): we need it to be more accurate, because people 
vary in their weight, height etc. Obese people, for example, need 
more output, and you can find it by: 

CO / BSA = CI(ml/min.m
2

) 
*BSA: Body surface area (1.7m2 average). 
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3. Ejection fraction(EF): the percentage of the EDV that is pumped by 

the heart, which is normally above 50% and rarely increases more 

than 70%, and you can find it by: 

SV / EDV = EF 
*if it’s less than 50% this is heart failure. 

 

 The effectivity of the heart could be either hyper or hypo: 

o Hyper-effective: increase in the function of the myocardium (hyper-

dynamic) EF=70 or more due to: 

a. Nervous excitation. 

b. Hypertrophy of heart muscle. 

c. Thyroid disease. 

d. Increase in the metabolism. 

o Hypo-effective: decrease in the function of the myocardium (hypo-

dynamic )EF less than 50 due to: 

a. Heart diseases. 

b. Inhibition of nervous excitation. 

 

 The factors that regulate the cardiac output: 

 To regulate the cardiac output means to increase or decrease the 

output of the heart as a pumping muscle. 

1. Contractility of the heart: by increasing the contractility, the stroke 

volume will increase, so the cardiac output will increase. We can 

increase the contractility by increasing the venous return, according to 

the Frank-Starling law. 

 Venous return: is the volume of blood that fills the ventricles. 
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*The strength of contractions in the cardiac muscle differs from that 

in the skeletal muscle. In the skeletal muscle, it is dependent on the 

number of fibers participating in the contraction, while in the heart 

it’s composed of two unit (syncytium): atrial syncytium and 

ventricular syncytium, this means the atria act as a single fiber and 

the ventricle as another single fiber. 

 The Frank-Starling law: said within physiological limit: 

The more blood coming  more stretching  more contraction. 

*but keep in mind that when it stretches too much, the elasticity or 

the distensibility of the myocardium will be destroyed. This is mainly 

what happens in cardiomyopathy (it’s the dilation of the 

myocardium beyond the physiological limit for unknown causes 

mostly). 

 According to the Frank-Starling law, venous return: 

More blood coming  more EDV  more stretching  more 

contractility  more cardiac output. 

 Now more blood is coming “how”? By increase in the venous return. 

“How”? By increase in the pressure gradient which is affected by: 

a. Circulatory filling pressure (CFP): the pressure of the blood in the 

cardio vascular system when the heart beating stops. Imagine that 

the heart beating stops, and the only thing in the circulation is the 

blood (filling), which is exerting pressure on the vessels wall. when 

we measure it we call it CFP (normally 8mmHg) and the venous 

pressure is equal (8mmHg). 

*we can measure the CFP in animals by stopping it’s heart beat for a 

while and then measuring the blood pressure, or in a dead human 

but not in an alive one. 

 According to physics, the fluid (blood) flows according to the 

pressure gradient, so there must be a pressure gradient between the 

veins and the atria for the blood flow to occur. 
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*Atrial pressure: the pressure in the atrium, when it contracts it will 

pump all the blood to the ventricles, now the pressure in the atria will 

be zero. 

*now the pressure gradient depends on the pressure in the vein, so 

more pressure in the vein leads to the formation of a higher gradient, 

leading to more blood coming in. 

 Now the factors that cause the CFP increase or decrease: 

   1-Diameter of the vessel. 

   2-The volume. 

Explanations: 1- with reduction of the diameter, and without 

changing the volume, the CFP will increase and vice versa (change 

in the diameter is according to stimulation). 

2- With adding volume, and without change the diameter, the CFP 

will increase and vice versa. 

E.g.: when we exercise, two thing will happen: one is the 

sympathetic stimulation, and the other is an increase in 

metabolism, so more blood is coming, so more CFP (and the right 

atrial pressure is zero), so more pressure gradient, so venous 

return increases, so the EDV increases, so the EF increases, so 

cardiac output increases. 

b. Valves: valves are present in the veins, these valves allow the blood 

to flow in one direction and prevent back flow in the opposite 

direction, but sometimes, especially in pregnant ladies, the presence 

of the fetus in the uterus will push on the femoral veins, so the blood 

can’t easily go to the heart, it will dilate the veins, so the valve of the 

vein can’t close. Part of it stay open, this is what's called varicose 

vein (الدوالي) that’s why we ask the pregnant lady to perform 

muscular exercises, to restore the vein back to its normal structure. 
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c. Muscular pump: we have veins between the skeletal muscles, and 

we always have muscle contractions due to movement, these muscle 

contractions help pump blood by pushing on these veins to squeeze 

the blood to the heart.  

* Some veins passing through certain organs (like the intestines, liver 

etc.) squeeze blood to the heart with the help of forces that are 

exerted on the veins by the organs and tissues surrounding them. 

d. Respiratory pump: during respiration, when we inspire, the chest 

cavity increases in size and the atria are slightly dilated this will 

reduce the pressure, thereby increasing the pressure gradient. 

e. Metabolism: because we have veins between the organs and attach 

to it, when the metabolism increase, increase the amount of blood 

go back to the heart, so increase the pressure in the veins, so 

increase the gradient. 

 As we know, the higher the pressure gradient, the more the venous 

return, but according to the curve you see: 

 Right atrial pressure      venous return. 

 CFP  right atrial pressure   no more venous return. 

 Right atrial pressure (until zero)  venous return. 

*But when right atrial 

pressure becomes 

negative, there is no 

more venous return, 

because when it 

became negative the 

opening (not valve) of 

the superior and inferior vena cava it will close (sucking), so there is no 

more increase in the return (become isovolumic: plateau).  
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*According to these 

curves, the CFP increases 

gradually with exercise. 

As the doctor said: Psf is 

the same as CFP, in figure 

we can see three curves, 

and each one differs from 

the other by the type of 

exercise: 

 The Middle one is in normal venous return, where the CFP=7 

 The upper one is in hyper venous return(exercise), where the CFP=14 

 The lower one is in hypo venous return(sleeping), where the CFP=3.5 

*sleeping will reduce the CFP, because the metabolism decreases, so 

the venous return decreases, so less EDV, therefore less cardiac output. 

 At the end of the atrial contraction, all the blood passes to the 

ventricle, so in the right atrium there is no pressure and no blood, 

and the CFP = 8mmHg. 

-now the blood starts to enter the atrium, so the pressure gradually 

increases, and the gradient gradually decreases, decreasing the 

venous return, which will continue until the right atrial pressure 

becomes equal to CFP, so the gradient is zero, so the flow will stop. 

*normally we don’t have right atrial pressure, this only happens in case 

of exercise or disease (in heart failure like: right heart failure or 

ventricular heart failure, so the ventricle can’t pump, so can’t receive, so 

the blood stays in the atrium, so the atrial pressure and volume 

increase, so less blood is coming into the heart, so the blood stay in the 

veins, that causes dilation of veins) normally we don’t have that in 

physiology. 
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2. Heart rate: by increasing the heart rate, the cardiac output will 

increase. 

* The factors that affect the heart rate will also affect the contractility. 

 There are two types of factors: 

1) Intrinsic Factor: that means in the heart itself or in the muscle of the 

heart, which is Frank-Starling law. 

2) Extrinsic factors: that means outside the heart, which are: 

a) Sympathetic stimulation: leading to constriction of the veins  

 venous return   heart rate and contractility  

*The Sympathetic stimulation affects the heart rate and 

contractility by: facilitating the opening the Na+ channels, making 

the depolarization faster, thereby increasing the heart rate. It also 

facilitates the Ca+2 channels, thereby increasing the contractility. 

*the parasympathetic stimulation has no significant role in the 

CVS, but has a significant role in the GIS. It only plays a role in the 

SA node, where it will reduce the heart rate “not affect the 

contraction”, and it’s exactly opposite to the sympathetic 

stimulation, it facilitates the opening of the K+ channels, thereby 

making depolarization slower, reducing the heart rate. 

*Important note: normally the human body is under the influence 

of the sympathetic tone, which means the hemodynamics are also 

under the effect of the sympathetic tone, which will increase with 

anxiety and stress, and decrease when we sleep. 

b) Ions: 

 Na+: heart rate and heart contraction. 

 Ca+2: heart rate and heart contraction. 

 K+: heart rate and heart contraction. 

*K+ will decrease the heart rate by lowering the resting potential 

(normally -70 to -90mV), so it takes time to reach the threshold, 
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and also decrease the contraction by making the muscle flaccid 

and dilated. 

* The main ion that affects the heart, particularly in arrhythmia, is 

the K+, so for any patient coming to the hospital we have to do the 

K+ test, because a decrease or increase in K+ will lead to patient’s 

death (normal 3.5-5.5mEq). When levels reach to 8mEq mostly the 

patient will die, or if levels decrease to 2.5 or 2mEq mostly the 

patient will die due to irregularity (arrhythmia). 

c) Tempreture: mild increase in the tempreture as in fever will 

increase the heart rate and the contractility. 

*But when the tempreture increases too much (40°-41°) it will 

produce a toxic effect on the myocardium, so the contractility will 

reduce(the heart rate keeps increasing). 

 

  measuring the cardiac output: 

*there are two methods to measure it: 

1) Direct Fick method:  

In this method, we ask the patient to inspire air from the 

atmosphere and perform the expiration in a specialized bag called 

“Douglas bag”, and keep doing this for one minute. This unique 

bag doesn’t allow the diffusion of gases between in and out, so 

we can calculate the amount of oxygen the patient used during 

this minute by comparing the concentration of oxygen inside the 

bag to the atmospheric oxygen. In normal people, the amount of 

oxygen used is about 200ml /min. 

-     Then we take two blood samples, one from venous blood, and 

the other from arterial blood. For the first sample, because 

venous blood coming from different parts of the body might have 

different compositions, we prefer to take a “mixed venous blood” 

sample, and we can get this sample by taking blood from either 
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the right ventricle or from the pulmonary artery. For the second 

sample, it doesn’t matter from which artery we take the sample, 

because the arterial blood is the same in all arteries (except for 

the pulmonary arteries). 

 -     Then we measure oxygen concentration in both samples 

(normally, for the mixed venous sample: O2 concentration = 160 

ml/L, and for the arterial sample O2 concentration =200ml/L) and 

then we take the difference between the two concentrations 

(40ml/L), and this difference represents the amount of oxygen that 

a certain VOLUME of blood loaded during its passage through the 

lungs in one minute. 

- By dividing the amount of oxygen the patient used (200 ml/min) by 

the difference between oxygen concentrations in the two blood 

samples (40ml/L), we will get the VOLUME of blood that flowed 

through the lungs during that minute, and this volume represents 

the cardiac output: 

Cardiac output =
oxygen absorbed per minute in the lungs

O2 conc. Difference
 

         = 200ml/min / 40ml/L = 5L/min  

 *this procedure is very inconvenient and harmful to perform, but 

at the beginning they do it. 

** (numbers are from GUYTON textbook, the doctor didn’t 

mention them)   

 

2) Indicator dilution method: 

-In this method, a small amount of indicator is injected in a large 

vein or even in the right atrium, and a sensor is placed in a 

peripheral artery, this sensor will record the concentration of the 

indicator VS time as shown in the figure below, in the first 3 

seconds after injection, the sensor will record ZERO concentration 
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of the indicator, because during these 3 seconds the indicator will 

travel through the right ventricle to the blood vessels in the lungs 

, and from there to the right side of the heart , and then to the 

systemic arteries and then to the peripheral arteries . After that, 

the concentration of the indicator recorded by the sensor will 

increase and increase until it reaches the maximum value, and 

after that, it will decrease, but it will not get to the zero 

concentration, because while the concentration is decreasing, the 

indicator will recirculate to the peripheral arteries again, and at 

that time, the concentration recorded by the sensor will be 

almost constant.   

-For the purpose of calculation,  we will extrapolate the down 

sloping part of the curve to the zero point (dashed line in the 

figure), after that, we calculate the mean ( average) concentration 

of the dye in the arterial blood for the duration of the curve($), 

and this done by calculating the area under the curve, and then 

we draw a rectangle with the same area on the curve (note the 

figure), the length of this rectangle is the time span of the 

curve(S), and the width of the rectangle is the mean 

concentration of the dye in the arterial blood. 

-By doing so, we assume that there is a VOLUME of blood 

containing the dye with a concentration equal to the mean 

concentration passed through the peripheral artery during the 

duration of the curve($), and this volume of blood can be 

calculated by the following formula: 

VOLUME =
(amount of the dye) ∗ 60

(mean conc.∗  duration of the curve)
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*And this VOLUME is equal to the cardiac output.    

*These are the original procedures, but nowadays it’s simple to 

measure the cardiac output, by ultrasounds (Echo) or MRI you can 

examine the heart, EDV and ESV by which you can find the SV, 

and if you multiply SV by HR you find cardiac output, it is very 

simple.  

 

THE END. 

 Done by: Tareq Alzoubi. 

 

Edited by: Majd Abusharar. 


