[image: \\heathland.local\ths\THS_Staff_HD\AHAMMOND\Pictures\2012-02-29\How the heart Beats1.jpg]


[image: \\heathland.local\ths\THS_Staff_HD\AHAMMOND\Pictures\2012-02-29\How the heart Beats2.jpg]

[image: \\heathland.local\ths\THS_Staff_HD\AHAMMOND\Pictures\2012-02-29\How the heart Beats3.jpg]

[image: \\heathland.local\ths\THS_Staff_HD\AHAMMOND\Pictures\2012-02-29\How the heart Beats4.jpg]



[image: \\heathland.local\ths\THS_Staff_HD\AHAMMOND\Pictures\2012-02-29\How the heart Beats5.jpg]

[bookmark: _GoBack]
image1.jpeg
KX OSSO X
ﬁ 3 \v:.,‘: =4 \?‘?\1 A .tf"a.ﬂ}f “:&\ﬂ‘bﬂ}. X & ‘*’
. The average human heart beats over 100000 times a day. It adapts its 3 \‘

| activity to sleeping, exercising and everything in between. With heart disease K

being the biggest killer of people in the developed world, studying how the
heart works in health and disease has never been more important. NS
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hy do we need a heart? Once organisms

reach a certain size it becomes impos-

sible to exchange nutrients and waste

products directly with the environment.

Instead, a transport system must continually replenish

the body tissues with fresh nutrients and remove

waste products. In animals, blood is driven through

the vascular system by the heart, which is therefore

essential for the operation of the body’s transport
system.

Capillaries in
head and neck

The average human heart is about the size of a large
clenched fist. It sits in the chest cavity (thorax),
between the lungs. The heart comprises two pumps
that operate together during the heartbeat or cardiac
cycle. The systemic side consists of two chambers —
the left atrium and the left ventricle — and the vessels
that take blood to and from all (except one) parts of the
body (see Figure 1). The pulmonary side consists of
the right atrium and the right ventricle and the vessels
that take blood to and from the lungs. The left side
of the heart is more muscular than the right because ~ CaPillaries in other Capillaries in Sc?str:::téilén
blood is pumped over long distances. g;%a:;é:]nat:grmbs the digestive Cardi
system ardlac

So the heart has four chambers altogether — two output

atria at the top of the heart and two ventricles at the

Figure 1 Diagram showing the structure of the heart with Angina
bottom. The atria and ventricles are connected by arrows showing the blood circulation.
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A baby suffering cyanosis (purple skin and lips
— a blue baby) due to a congenital heart defect.
This results in deoxygenated (blue) blood being
pumped around the circulation instead of being
oxgenated in the lungs.
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Figure 2 Light micrograph of a longitudinal section through cardiac muscle. x525

atrioventricular valves, which allow blood flow in
one direction only — from the atria to the ventricles.
Pressure in the opposite direction closes the valves,
preventing blood flowing the wrong way. A wall — the
septum — separates the chambers on the right side of
the heart from those on the left, preventing oxygenated
blood from mixing with the deoxygenated blood.

In some congenital heart defects — defects present
at birth — a hole in the septum between the ventri-
cles allows blood to mix. These ‘hole-in-the heart’ or
‘blue” babies may look blue because deoxygenated
blood mixes with oxygenated blood as it is sent around
the systemic circulation. If the hole is large, surgery
may be required immediately after birth because the
tissues receive too little oxygen for the baby to live
long. On the other hand, if the hole is small, the baby
can survive and grow and surgery can be postponed for
a few years, so that the child is better able to withstand
an operation.

The blood vessels that take blood away from the
heart — the pulmonary artery and the aorta — have
valves at their bases. These valves prevent blood from
flowing back into the ventricles when they relax,
following the pumping of the blood out of the heart.

What drives the pump?

The heart is made up of cardiac muscle. Under a micro-
scope a section of the muscle looks striated because of
the regular pattern of actin and myosin filaments in
the muscle cells (see Figure 2 and BIOLOGICAL SCIENCES
Review, Vol. 22, No. 4, pp. 10-14). The individual
muscle cells (myocytes) are highly specialised in two
ways. First, they do not fatigue in the way that skeletal
muscle cells do. Second, the myocytes are joined to
each other at the ends via large pores that permit a flow
of electrical impulses from cell to cell. This means that
electrical activity in one cell passes rapidly into neigh-

bouring cells, so a wave of excitation spreads smoothly
across the heart muscle, which then contracts. In this
respect, heart cells act like small transducers, taking
electrical activity and turning it into the mechanical
activity of contraction.

What goes on during a heartheat?

The cardiac cycle (see Figures 3 and 4) begins with
all the chambers of the heart relaxed; this is diastole
(pronounced ‘die-ass-stole-eee’). Since the heart is
relaxed, pressure in the chambers is low and blood
returning from the body and lungs enters the atria
and drains into the ventricles through the open valves.
When the ventricles are almost full, the atria contract
and force the last of their contents into the ventricles.

The ventricles are now full of blood and they begin
to contract; this is systole (pronounced ‘sis-toll-eee’).
The rising pressure in the ventricles closes the atrio-
ventricular valves, preventing backflow of blood into
the atria. Eventually the pressure is high enough to
open the aortic and pulmonary valves at the base of the
two great arteries. Thus blood is ejected from the heart
to the lungs (deoxygenated) and all other body tissues
(oxygenated). The ventricles are emptied.

The heart now enters diastole once more and the
pressure in the aorta and pulmonary artery now
exceeds the pressure in the ventricles. The pulmonary
and aortic valves therefore close, which prevents
backflow into the ventricles. Blood returning to the
atria builds pressure on the atrioventricular valves,
which now open as pressure in the ventricles drops.
The ventricles begin to fill, and the cycle repeats itself.
The sounds of the two sets of valves snapping shut
sequentially produces the famous ‘lub dub’ sound of
the normal heartbeat as heard with a stethoscope. If
the valves are diseased and leaking, then instead of the
crisp normal sound, a doctor can hear a whooshing
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Figure 3 The cardiac cycle.

sound as blood leaks backwards through the
diseased valves.

How is it all controlled?

The heartbeat is initiated by small electrical
signals called action potentials, which are
generated in an area of the heart called the
sinoatrial node (SAN). This small area of tissue
is located in the wall of the right atrium and is
called the cardiac pacemaker. The SAN spon-
taneously generates rhythmic electrical signals
(70-80 per minute) and these electrical signals
spread smoothly across the atria, causing them
to contract.

A ring of fibrous tissue separates the atria and
ventricles. The signals are unable to cross this
barrier — except at one place through another
specialised region of tissue known as the atrio-
ventricular node (AVN). The AVN has two roles:
¢ it provides a gateway for electrical conduction
between the atria and the ventricles
@ it slows down conduction of the action
potential, which is otherwise fast (0.3ms™!)

This slowing down is essential because it
gives time for the atria to empty their contents
into the ventricles before the ventricles contract.
Without the slowing down period, the atria and ventri-
cles would contract almost simultaneously. So, once
the electrical impulses have crossed the AVN, they
stimulate the ventricles to contract, pumping blood
from the heart. Sometimes the heart’s conducting
system does not work properly. Instead of rhythmic
coordinated contractions the heartbeat is irregular. This
can be remedied by fitting a pacemaker. This small elec-
tronic device is inserted into the chest and provides
regular electrical signals to help the heart contract at
the correct rate.
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Pressure

What happens when demand on the
heart changes?

The average human heart at rest beats about 70 times
per minute (bpm) but when we exercise this rate
increases. The ventricle ejects approximately 70 cm?
of blood during each heartbeat. This is known as the
stroke volume.
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Figure 4 Pressure changes during the cardiac cycle.
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X-ray of a pacemaker
implanted in the
*chest of a patient.

heart rate x stroke volume = cardiac output (CO)

in cm>min-!

70bpm x 70cm? = 4900 cm’min-!
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A man having an
electrocardiogram
to check for
irregularities of the
heartbeat.
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which means that the heart pumps almost 5dm? of
blood every minute. This 5dm? is about the total blood
volume of the average adult, which implies that all the
blood in the body is pumped by the heart every minute
of each day of a person’s life. These calculations can be
used to show that the heart has a tremendous capacity
to increase the amount of blood that it pumps, should
the need arise. This is known as the cardiac reserve.

The heart rate and stroke volume can increase
by enormous amounts to meet increased metabolic
demands placed on the body tissues, such as those
imposed during exercise, excitement or heightened
states like fear. By a combination of increased heart
rate and stroke volume, cardiac output may increase
four or five times, to 20-25dm>min~!. Elite athletes
have a tremendous ability (probably genetic in the first
instance, and then as a result of training) to increase
their stroke volume. This means they are able to pump
out much more blood without increasing their heart
rate nearly as much as someone who is less fit.

‘When demand on the heart increases, the nervous
system can increase both the heart rate and stroke

: Cardiovascular Physiology
Concepts

: site for the Association of the British
Pharaceutical Industry. Go to
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volume. Additionally, the amount of blood returning
to the heart stretches the ventricle, and how strongly
the heart contracts is proportional to the amount that
the ventricle is stretched. If the heart is stretched a
lot, it will contract more strongly than if it is stretched
a little.

Cardiovascular disease accounts for one in five
deaths in the UK and places a huge burden on health
resources. Every year the NHS spends around £2billion
of its budget tackling heart disease. A diseased heart
cannot function as effectively as a healthy one and
this has significant consequences for the lives of those
affected. High blood pressure (hypertension), smoking,
high blood cholesterol and poor nutrition are all factors
closely associated with increased risk of developing
heart disease.

Heart disease often atfects the function of the heart
muscle itself since the heart supplies its own tissues
with nutrients, just like any other tissue of the body.
Fatty deposits — plaques laid down in the walls of
arteries (atheroma) — cause narrowing of the arteries
and impede the flow of blood. This may affect the
delivery of oxygen to the cardiac muscle. The heart

Pulmonary Associated with the lungs.
Systemic Spreading throughout the body.
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appears to function properly when at rest but during
mild or moderate exercise the narrowed arteries cannot
deliver enough oxygenated blood to the cardiac muscle.
The muscle is forced to respire anaerobically and lactic
acid builds up, just as it does in an overworked skeletal
muscle. The symptom is pain in the chest, known as
angina pectoris.

Stopping the exercise will get rid of the angina
symptoms but eventually, as the arteries continue to
narrow, even walking causes an angina attack. Vaso-
dilators are drugs capable of dilating the blood vessels
supplying the heart, which can increase blood flow
to the heart muscle during an attack. Lipid-lowering
drugs can also be taken to prevent the build-up of fatty
deposits in the first place.

Sometimes a piece of plaque becomes dislodged
and this causes the blood to clot around it. When
this happens the affected artery becomes partially
or completely blocked. This is known as a myo-
cardial infarction or heart attack. It is potentially lethal
and may lead to parts of the heart being irreversibly
damaged, thereby placing increased demands on the
remaining healthy parts of the heart. ‘Clot buster’ drugs
containing enzymes, such as streptokinase, are given
to digest the clot to try to restore the blood supply and
minimise the damage. Often these drugs are admin-
istered by paramedics in the ambulance because
the sooner the blood supply to the cardiac musdle is
resumed, the better the chances of a good recovery.

And in the end?

Many drug and surgical treatments are now being used
to improve the lives of people with heart disease. It
is important to understand how the heart works in
healthy people as well as during disease, to improve
our understanding of what happens when things don’t
work properly, so we can constantly improve the treat-
ments for people with heart disease.

Topic for discussion

! Athletes such as cydlist Lance Armstrong and sprinter
Usain Bolt have very low heart rates (approximately 40
beats per minute) at rest. Using the simple equation for
cardiac output, how can an athlete’s heart beat quite
slowly but still give a CO of about 5dm? at rest?

Dr Mark Fowler is a British Heart Foundation Research
Fellow at the University of Glasgow. His research focuses
on how the heart works in health and disease.

LKEY POINTS

® The heart contains four chambers.
® The heart comprises two pumps working together.

® The heart pumps about 5dm3 of blood every minute at rest.
® Pacemakers and clot-busting drugs are two of the many ways that

doctors treat heart disease.
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