6.  The functioning of the heart plays a central role in the circulation of blood and relates to the level of activity of an individual. Heart disease may be linked to factors affecting lifestyle.
By the end of this topic I will know:

The gross structure of the heart and blood vessels

The cardiac cycle

The role of the SAN and AV

Biological basis of heart disease

The Heart and Circulation

 Small organisms don’t have a bloodstream, but instead rely on the simple diffusion of materials for transport around their cells.  Most animals have a circulatory system with a pump to transport materials quickly around their bodies. This is an example of a mass flow system, which means the transport of substances in the flow of a fluid (as opposed to diffusion, which is the random motion of molecules in a stationary fluid) Humans have a double circulatory system with a 4-chambered heart. A mammal’s heart is a pump.  From the heart blood is circulated around the body in the various blood vessels

The heart

1 What does double circulation mean?

________________________________________________________________________
2 What is the name of the blood vessels that supply the heart muscle (cardiac muscle) with oxygen?_______________________________________________​​​​​​​​​​​​​​​​​​​​​_____________
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3 Below is a simple diagram of the heart – can you label it and draw the arrows to show the direction of the blood
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Describe the route taken by a red blood cell from the right atrium to the left ventricle.

___________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
Blood leaves the heart in ____________________.  These branch into arterioles and then into the capillaries

What happens in the capillaries?

______________________________________________________________________________________________________________________________________________
The cardiac cycle

The cardiac cycle is the sequence of events that lead to the filling and emptying of the heart.  

The cardiac muscle of the heart will contract without nervous or hormonal stimulation.  These contractions originate within muscles and are called myogenic contractions.     There are two stages to the cardiac cycle

1) the muscle contracts - ___________________

2) the muscle relaxes ______________________
 
3) As contractions begin the volume in the atria or ventricles decreases, pressure ____________ and blood will flow from areas of _____________ pressure to ______________ pressure
1. Cycle begins -   Atrial Systole
____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

2 Ventricular systole  ____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
3 Diastole
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____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
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What causes the heart valve to open and close?
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The heart valves ensure that blood moves only in one direction, from the atria to the ventricles to the arteries

Complete the table below summarising the action of the cardiac valves

	Atrioventricular valves open because
	Atrioventricular valves close because
	Semilunar valves open because
	Semilunar valves close because

	
	
	
	


Cardiac Output

What is cardiac output? ______________________________________________________________________________________________________________________________________________Stroke volume - __________________________________________________________ Heart rate – _____________________________________________________________
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To calculate cardiac output:

A man’s resting cardiac output is 5500cm3.  His heart is beating at 70 beats per minute.  Calculate the volume of blood that his left ventricle pumps out each time it contracts.
The  cardiac cycle is often represented as a graph as shown below  -  page 93
When the lines of the graph cross this indicates that pressure in one area is greater than in another which will cause a valve to close or open – points A, B, C and D.  What valves are opening/closing at these points.

A _____________________________________________________________

B _____________________________________________________________

C _____________________________________________________________

D _____________________________________________________________

Coordinating the heart beat                                                                                            The heart muscle does not have to be stimulated by a nerve before it will contract.  The heart beat originates in the muscle itself.  We say the heart muscle is myogenic.
The heart beat starts with an impulse being produced in the _____________________

The impulse spreads through the muscle of the atria – this causes the atria to _____________ and blood flows _______________________________

The impulse passes to the____________________________________________         Why does the impulse slow down here ______________________________________________________________________________________________________________________________________________The impulses now passes down specialised tissues called ________________________                                                                        What happens next? ______________________________________________________________________________________________________________________________________________Explain the importance in the cardiac cycle of                                                                    a)  delaying the spread of the excitation wave in the atrioventricular node                              b)  Conducting the excitation wave very rapidly to the base of the ventricles
The effect of exercise on the heart

· More exercise = faster rate of respiration, more need for oxygen and nutrients to the muscles.

· Need to increase the amount of blood flowing to the muscles (for respiration) and the skin (to cool down)

· Increased amount of blood to one area (muscles) reduces amount to another area of the body (e.g. instestines)

· Brain needs a constant supply so the blood supply is not affected

Questions:                                                                                                                          1)  State whether the blood in each of the following structures is oxygenated or deoxygenated:                                                                                                                     a) vena cava   __________________________ b) pulmonary artery _________________          c) left atrium _____________________________________________________________
2  List the correct sequence of four main blood vessels and four heart chambers that a red blood cell passes through on its journey from the lungs, through the heart and body and back again to the lungs _______________________________________________________________________
3  Which chamber of the heart produces greatest pressure?_____________________                                                                                                    4  In each case name the structure being described:                                                          a)  on contraction it forces blood into the ventricles ______________________________ b) it acts as the heart’s pacemaker ___________________________________________   c) it relays a wave of excitation to the apex (base) of the heart______________________
5  The table shows changes in the volume of blood in the left ventricle over a period of one second.

	Time/s
	Volume of blood as percentage of maximum

	0
	70

	0.1
	100

	0.2
	70

	0.3
	30

	0.4
	0

	0.5
	35

	0.6
	60

	0.7
	70

	0.8
	70

	0.9
	100

	1.0
	70


Use information in the table to answer the following questions.

(a) What is the approximate length of one cardiac cycle?













(1 mark)

(b) At what time is there least blood in the right ventricle? Explain your answer.
…………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………. (1)

(i) Between which times are the muscles in the wall of the left atrium contracting?

Give the reason for your answer.

Times ....................................................................................................................................
Reason ...............................................................................................................................................
..........................................................................................................................................(1)
(ii) Between which times are the semilunar valves in the arteries open? Give the reason for your answer.

Times ....................................................................................................................................
Reason ...............................................................................................................................................
..........................................................................................................................................(1)

(c) The maximum volume of blood in the left ventricle is 45 cm3. Calculate the volume of blood in the left ventricle at 0.5 s. Show your working.

Volume of blood =................................................. cm3                      (2 marks)

Heart disease

Coronary heart disease (CHD) refers to any condition that interferes with the coronary arteries that supply blood to the heart muscle.  

Arteries can become partly blocked when fatty deposits form in their walls.  These fatty deposits are called atheroma.  The resulting narrowing of the arteries is referred to as atherosclerosis or hardening of the arteries.  Blood clots often form in a narrowed artery.  If the blood supply to a major part of the hearts muscle is completely blocked the muscle starts to die due to lack of blood supply.  A heart attack follows.  The medical term for heart muscle death is myocardial infarction.  (infarction- death of tissue   myocardial –of heart muscle)

Atheroma
Fatty deposits start to build up in an artery when the layer of cells inning the inside of the artery (called the endothelium) becomes damaged and inflamed.  
This may be caused at a junction with a smaller artery, due to high blood pressure, viral infection or chemical pollutants in the blood.

White blood cells are attracted to the site and squeeze between the walls of the endothelium into the surrounding muscular wall. They absorb fatty material from the blood – in particular LDLs (Low Density Lipoproteins) – these form streaks which form an irregular patch or atheromatous plaque.  These bulge into the lumen of the artery causing it to narrow so the blood flow through it is reduced.  Atheromas increase the risk of two potentially very dangerous conditions:  thrombosis and aneurysm.
· Thrombosis – if an atheroma breaks through the endothelium lining of the blood vessel it forms a rough surface that interrupts the flow of blood.  This may result in the formation of a blood clot or thrombus, in a condition known as thrombosis. As the blood clot grows it blocks the lumen of the artery and sometimes can be carried from its point of origin and blocks another artery – can cause a heart attack 
· Aneurysm  - the artery with the developing thrombus is weakened and it starts to bulge due to blood pressure.  This swelling is called an aneurysm. Anuerysms can burst leading to haemorrhaging and loss of blood to the region of the body served by that artery.  A brain aneurysm is known as a cerebrovascular accident (CVA) or stroke.

Myocardial infarction (heart attack)
A myocardial infarction occurs from a blockage in the coronary artery – if this happens between aorta and coronary artery the heart will stop beating because its blood supply has been completely cut off.  

It is possible to survive for many years with atheroma without being seriously incapacitated.  One symptom may be pain in the middle of the chest brought about by vigorous exercise.  
This is called angina and the pain normally dies away when the exercise stops.  The pain is caused because the atheroma prevents certain areas of the heart muscle getting the increased blood supply needed during exercise.  
Risk Factors

There are a number of factors that separately increase the risk of an individual suffering from coronary heart disease.  When combined 4 or 5 of these then increase the risk greatly.  

What are the risk factors?              Make notes on the risk factors (do on separate page)
Questions

1  Atheroma, thrombosis and aneurysm and myocardial infarction are 4 types of heart disease.  Link each description with each disease

a)  commonly known as a heart attack_________________________________________

b)  build up of fatty deposits __________________________________________________

c)  the formation of a blood clot________________________________________________

d)  stretched region of an artery wall____________________________________________

 2.  Figure 1 shows the influence of different risk factors on the incidence of coronary heart disease in women. 7.5 mmHg is equal to 1 kilopascal.

(a) Use Figure 1 to give the characteristics of women with the highest risk of developing

coronary heart disease.

...............................................................................................................................................

...............................................................................................................................................
...............................................................................................................................................
..........................................................................................................................................(2)

(b) Figure 1 only has limited value in predicting whether a particular woman might develop coronary heart disease. Explain why.

...............................................................................................................................................

...............................................................................................................................................
...............................................................................................................................................
...............................................................................................................................................
...............................................................................................................................................
.........................................................................................................................................................................................................................................................................................(3)
(c) The three risk factors, high blood pressure, smoking and high plasma cholesterol, increase the risk of coronary heart disease. Explain how each risk factor increases the risk of coronary heart disease.                                                                              (6 marks)

In an investigation, volunteers changed 5% of their energy intake from one food source to another. Their total energy intake remained constant. The effect of this change on their risk of developing coronary heart disease was measured. Figure 2 shows the results of this investigation.

               Figure 2

(d) Explain why it was necessary to ensure that the total energy intake remained constant.

...............................................................................................................................................

...............................................................................................................................................
...............................................................................................................................................
...............................................................................................................................................
...............................................................................................................................................
...............................................................................................................................................
 (2 marks)

(e) Suggest an explanation for the results shown in Figure 2.

...............................................................................................................................................
...............................................................................................................................................
...............................................................................................................................................
...............................................................................................................................................
...............................................................................................................................................
...............................................................................................................................................
………………………………………………………………………………………………………………………………………………………………………………………………………………..
(2 marks)
Mod 3 0107
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Remember


Muscle contraction decreases the volume in the heart chambers which will increase the pressure


Valves open and close maintaining unidirectional flow


The right and left side of the heart fill and empty at the same time








Cardiac output = 














Contraction of Ventricles (Ventricular systole)


Atria relax.  Ventricles contract passing pushing blood away from heart through pulmonary arteries and the aorta
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