WEEK 2 SUPPLEMENT

HEART HEALTH
A Beginner’s Guide to Cardiovascular Disease

ATHEROSCLEROSIS
FIGURE 1
Atherosclerosis is an inflammatory
process where cholesterol is deposited
in the wall of arteries and they later
become hardened (athero = fatty;
sclerosis = hardened).

Fatty deposits can narrow
and harden the artery
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ARTERY
FIGURE 2
A cross-section of a blood vessel showing
the three layers of the blood vessel wall.
The tunica intima is the innermost layer
and consists of a layer of endothelial cells
and the subendothelial matrix. The tunica
media is the middle layer and consists of
smooth muscle cells. The tunica externa (or
adventitia) is the outer layer and consists of
connective tissue. Arteries have a thicker
tunica media to enable them to cope with
the force of blood.

Tunica intima
Tunica media

Tunica externa
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FATTY STREAK
FIGURE 3
Atherosclerosis is an inflammatory process
where cholesterol is deposited in the
arteries and they later become hardened
(athero= fatty; sclerosis= hardened). This is
a chronic process, taking several decades to
develop. Fatty streaks are often present by
our teens, slowly growing into an atheroma
(fatty deposit) as we age. This gradually
starts to harden to become a fibroatheroma.
If a fibroatheroma ruptures it will trigger a
thrombus to form. This is then known as a
complicated lesion and depending upon its
site may cause a heart attack or stroke. You
can find out more about atherosclerosis
from the British Heart Foundation at
www.bhf.org.uk/publications/viewpublication.aspx?ps=1002501

ATHEROMA

FIBROATHEROMA

COMPLICATED LESION
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SITES OF ATHEROSCLEROSIS

FIGURE 4
Atherosclerosis only develops in the
arteries, not in the veins. Common sites of
atherosclerosis include the coronary arteries
that supply blood and oxygen to the heart
muscle, the head and neck arteries that
supply blood and oxygen to the brain, the
aorta and the leg arteries.

Head and
neck arteries
Coronary
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ANGINA

FIGURE 5
The coronary arteries are the small
arteries that supply the heart muscle with
blood and oxygen, enabling the heart to
function. Angina is caused by an insufficient
blood flow to the heart muscle due to
the narrowing of a coronary artery. The
insufficient blood flow (ischaemia) usually
causes chest pain and is frequently brought
on by physical or emotional exertion and
eased by rest.
You can find out more about angina
from the British Heart Foundation at
www.bhf.org.uk/heart-health/conditions/
angina.aspx

Normal coronary
arteries

Narrowed coronary
arteries

DILATION OF ARTERIES BY GTN

FIGURE 6
People with angina may be prescribed GTN,
a drug that dilates the coronary arteries, to
increase the blood flow to the heart muscle
and relieve the symptoms.

GTN

© University of Reading

WEEK 2 SUPPLEMENT

6

HAEMOSTASIS
FIGURE 7
Haemostasis is the physiological
(normal, healthy) process that stops us
bleeding after an injury. Haemostasis is a
multi-step process triggered by damage
to a blood vessel.
First the smooth muscle layer of the vessel
will spasm (contract tightly) to try and slow
down the blood flow. Next the platelets
(tiny blood cells involved in blood clotting)
adhere to the site of injury (they stick to
the exposed subendothelial matrix which is
usually covered by the endothelial cells). The
platelets become activated, causing them to
change shape so that they can stick to each
other and adhere more strongly to the site
of damage. This plugs the wound with an
initial (but fairly unstable) clot.
Then the process of coagulation occurs to
make the clot much more stable, turning the
liquid blood to a gel. Coagulation is a chain
reaction of steps that leads to the activation
of a plasma protein called thrombin.
Thrombin then converts another plasma
protein from individual units (monomers) to
a long chain (polymer) called fibrin.
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endothelial
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blood
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Tunica Externa

VESSEL SPASM

Fibrin wraps around the platelets and other
blood cells, holding them together. As red
blood cells often get trapped within this gel,
the clot is coloured red. If the clot comes
into contact with air it dries to form a scab.
You can find out more about haemostasis
at www.patient.co.uk/health/bloodclotting-tests

PLATELET ADHESION

PLATELET ACTIVATION

COAGULATION
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COAGULATION SUMMARY

COAGULATION

You can find out more about coagulation
at www.blood.co.uk/about-blood/howblood-is-used/plasma

EXTRACELLULAR
MATRIX

INITIATION
THROMBIN
ACTIVATION

Thrombin then converts another plasma
protein called fibrinogen from individual
units (monomers) to a long chain (polymer)
called fibrin. The long chains of stringy fibrin
wrap around the platelets and other blood
cells, holding them together and stabilising
the clot. As red blood cells often get trapped
within this gel, the clot is coloured red.
If the clot comes into contact with air it
dries to form a scab.

TISSUE FACTOR

FIBRIN
FORMATION

FIGURE 8
Coagulation is the process where the
blood converts from a liquid to a gel ie.
part of blood clotting. An injury triggers
two multi-step pathways of coagulation.
One pathway is triggered by exposure of
the subendothelial matrix (that is normally
hidden by the endothelial cells), whilst the
other pathway is triggered when damaged
cells release a protein called Tissue Factor
into the blood.
Both pathways lead to the activation of
enzymes called clotting factors, which
activate more clotting factors, which
activate more clotting factors and so on,
in a chain reaction. Ultimately this leads to
the formation of a plasma protein called
thrombin from inactive prothrombin.
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HEART ATTACKS
FIGURE 9
The coronary arteries are the small arteries
that supply the heart muscle with blood
and oxygen, enabling the heart to function.
Heart attacks (or myocardial infarctions)
are caused by a blockage of a coronary
artery by a thrombus (clot) that may result
in irreparable damage to the heart muscle
(infarction means tissue death from lack of
blood supply). The insufficient blood flow
(ischaemia) usually causes chest/arm/neck/
jaw pain, sweating and nausea. Emergency
treatment is required.

8

HEART ATTACKS

Thrombus in the
coronary artery

You can find out more about heart
attacks from the British Heart Foundation at
www.bhf.org.uk/heart-health/conditions/
heart-attack.aspx

HEART ATTACKS

Damaged
heart muscle
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THROMBOTIC STROKE
STROKES
FIGURE 10
Strokes are caused by a reduced blood flow
(ischaemia), and therefore lack of oxygen,
to the brain. A thrombotic stroke is caused
by a blockage of one of the arteries within
the brain. As with a heart attack, this is
usually caused when the rupture of an
atherosclerotic plaque triggers thrombosis
or a clot to form. The blockage prevents
the flow of blood and thus reduces the
availability of oxygen to the part of the brain
supplied by that vessel.
You can find out more about strokes
from the British Heart Foundation at
www.bhf.org.uk/heart-health/conditions/
stroke.aspx
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FIGURE 11
A thrombotic stroke is caused by a
blockage of one of the arteries that supply
the brain. Sometimes a thrombus forms
outside of the head, in the neck or even in
the left atrium (due to atrial fibrillation). If
part of the thrombus then breaks off it will
travel in the blood until it gets stuck in a
smaller vessel (remember that arteries lead
to arterioles which lead to capillaries). This is
known as embolism. An embolus (or emboli
if there are several fragments) is the part of
the clot that breaks away. The embolus now
blocks the smaller vessel and may cause
the stroke.
Track the route of an embolus that forms
in the left atrium of the heart up into the
head. Notice that the vessels get smaller
and smaller, until eventually the embolus
will get stuck.

THROMBOTIC STROKE
CAUSED BY EMBOLUS

Embolus
Thrombus
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HAEMORRHAGIC STROKE
STROKES
FIGURE 12
Strokes are caused by a reduced blood flow
(ischaemia), and therefore lack of oxygen, to
the brain. A haemorrhagic stroke is caused
by a bleed from one of the blood vessels
inside the skull. As the brain is encased
within the bony skull, there is nowhere for
leaking blood to escape. The blood leaking
from the injured vessel compresses the
brain and its tiny blood vessels and prevents
the delivery of oxygen to brain cells, thus
causing the stroke. Haemorrhagic strokes
can be caused by intracerebral bleeds (within
the cerebrum or brain) or subarachnal
bleeds (just outside of the brain but under
the arachnoid membrane).

Bleed
(intracerebral
haemorrhage)
Bleed
(subarachnoid
haemorrhage)

TRANSIENT ISCHAEMIC ATTACKS (TIA)
FIGURE 13
Transient ischaemic attacks (TIAs) are
thought to be caused by showers of
tiny platelet aggregates flowing through
the vessels that supply the brain. These
disturb the blood flow rather than block it
completely, causing temporary (or transient)
symptoms such as dizziness or those listed
below. As the symptoms for a TIA and stroke
are similar, emergency medical attention
is required. Although temporary, TIAs may
serve as an important warning sign of a
bigger stroke in the future.
Because a stroke typically affects one side
of the brain it usually causes symptoms
of asymmetry affecting the face (ask the
person to smile), arms (ask the person to
lift both arms above their head) and speech
(ask the person to say something). Time is
of the essence when it comes to treatment
of strokes. Remember to act F.A.S.T. (face,
arms, speech, time).

Tiny platelet
aggregates (don’t
block the vessel)

You can find out more about strokes
from the British Heart Foundation at
www.bhf.org.uk/heart-health/conditions/
stroke.aspx
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DEEP VEIN THROMBOSIS
DEEP VEIN
THROMBOSIS (DVT)
FIGURE 14
Clots or thrombi can also form in the venous
system. When this happens in one of the
deep leg veins it is known as a deep vein
thrombosis or a DVT. A DVT causes pain,
swelling and heat at the site of the clot and
needs urgent medical assessment due to
the risk that parts of the clot (emboli) might
break off and travel in the blood. The emboli
will flow in the blood until they reach a vessel
small enough to trap them. If they start in
the deep leg veins, emboli are likely to travel
upwards to the large vena cava. They will
then travel through the right side of the
heart and out through the pulmonary artery
(still a large vessel) to the lungs. It is at the
lungs that the blood vessels become much
smaller and so the emboli or clots gets
stuck. A pulmonary embolism (clot on the
lung) is a life threatening condition requiring
emergency treatment.

Venous
thrombus
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TREATMENT OF
THROMBOSIS
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FIGURE 15
Treatment of thrombosis: Different
medications are available to try to prevent
clots forming, or to dissolve clots that have
already formed. Anti-platelet drugs such
as aspirin reduce the likelihood of arterial
thrombosis (e.g. a thrombus forming in
the coronary arteries or the arteries of the
head and neck) and thus heart attacks or
ischaemic strokes, whilst anti-coagulant
drugs such as warfarin reduce the likelihood
of venous thrombosis (e.g. DVT). If a
thrombus does form it may be possible to
dissolve it using a medication such as TPA
to break down the fibrin. However for this
treatment to be effective it needs to be
administered within hours of the symptoms
starting. Therefore it is important that a
person experiencing symptoms of a heart
attack or stroke gets medical assistance
urgently.
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