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The number one killer

In the UK, over 270 000 people suffer a heart
attack each year. What causes coronary heart
disease? How can it be prevented and treated,
and what are the risk factors?

Drawing showing coronary
thrombosis and a patient’s
recovery stages.
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oronary heart disease (CHD) is caused by
atherosclerosis occurring in the coronary
arteries that supply blood to the heart muscle.
Restriction of the blood supply to this tissue
reduces its ability to function, and failure of the heart to

clot formation may then block the artery, resulting in a
myocardial infarction or heart attack. When a heart
attack is diagnosed quickly (within 1-2 hours) and the
patient reaches hospital in time, he or she may be given
special clot-busting drugs that cause the dlot to break up

pump blood around the body can have catastrophic
consequences. This problem arises because of the
dangerous build-up of lipid plaques on the inner walls
of large arteries — a condition described by the term
atherosclerosis (see Figure 1). These deposits (often
referred to as atheroma — see Box 1 on p. 22) narrow
the lumen of the blood vessels, thereby reducing the
delivery of oxygen and nutrients to the tissues.

As well as being the principal cause of a heart attack,

and allow the blood supply to the heart to be restored.
The majority of patients suffering a heart attack are
treated in this way and many survive the experience.
With subsequent alterations in lifestyle aimed at
minimising modifiable risk factors (see below), as
well as appropriate treatment (secondary preven-
tion), many of these patients go on to lead a
normal life.

Atherosclerosis
Electrocardiogram
Risk factors

atherosclerosis is also responsible for stroke and GG
gangrene of the legs and feet and is, therefore, one of the i Lol
major causes of death in Westernised societies. Athero- &
sclerosis develops gradually over time (see Figure 2 on A

P- 22) and worryingly advanced stages of this disease are
often apparent in young adults in their late teens in the
UK. Initially, affected patients will have no symptoms,
but eventually, when the build-up of atheroma in the
coronary artery wall starts to obstruct the flow of blood
to the heart, the patient will experience angina or chest
pain. Angina is caused by a lack of blood, and therefore
oxygen, delivered to the heart muscle. This situation
occurs particularly during exercise and is often relieved
by resting (see Box 2 on p. 23).

In extreme cases, the atheroma may rupture or tear,
exposing the blood to the underlying tissue. This causes
the blood to clot (thrombose) at that site and this sudden
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Figure 1 Light micrograph of a cross-section of artery showing atherosclerotic

plaque (AP) encroaching on vessel lumen (L). x10
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main histology

Initial lesion

* Histologically 'normal’
* Macrophage infiltration
¢ Isolated foam cells

Fatty streak
Mainly intracellular lipid accumulation

Intermediate lesion
Changes include fatty streak and small
extracellular lipid pools

Atheroma
Changes include fatty streak and core
of extracellular lipid

Fibroatheroma

Lipid core and fibrotic layer or multiple
lipid cores and fibrotic layers, or
mainly calcific, or mainly fibrotic

Complicated lesion
Haematoma haemorrhage, thrombus

Figure 2 The progression of atherosclerosis. Adapted from:
Stary, H. C. (1995) A definition of advanced types of atheroscle-
rotic lesions and a histological classification of atherosclerosis,
Circulation, Vol. 92, pp. 1355-74.

Box 1 Atherosclerotic plaque

The terms atherosclerotic plaque and atheroma are used interchangeably
to describe areas on the inner surface of arteries that protrude into the
lumen of the blood vessel and obstruct blood flow (Figure 1).

The word atheroma is derived from two Greek words: atheros, meaning
‘gruel’, and oma, meaning ‘tumour’. It aptly describes the mushy swellings
that distort the linings of the blood vessels in virtually all adult men and
women.

The word sclerosis also derives from the Greek: skleros, meaning ‘hard’.
It helps to describe this degenerative disease in which the arteries are
observed to harden and thicken. The atheroma or plaque is a complex
structure made up of lipid, a core of dead tissue, and a protective fibrous
cap extending out into the blood vessel. When this cap ruptures or tears,
fragments of material are released into the lumen of the blood vessel,
causing the blood to clot.

Atherosclerotic plaques do not appear to develop randomly within the
coronary artery. They tend to occur at sites where changes in the blood flow
take place, for instance where the blood vessel branches. It is thought that
the changes in the blood flow at branch points may cause the vessel wall
adjacent to these sites to alter, making it more receptive to lipid retention
and lesion formation. The atheromatous deposits can have the effect of
weakening artery walls causing them to bulge (termed an aneurysm) and
eventually burst, with fatal consequences. In other instances, the athero-
matous plagues may calcify and develop characteristics more akin to bone
than a flexible blood vessel (see Figure 3).
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Sequences in progression
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Development of atherosclerosis

Research over many years has led scientists and clini-
cians to believe that the development of atherosclerosis
s essentially a response of the blood vessel to damage to
the endothelial cells lining the lumen of the vessel.

Figure 3 Light micrograph of a cross-section of artery
showing advanced atherosclerotic lesion that has become
calcified (Ca). L is the lumen vessel. x40
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The electrocardiogram (ECG) is an elec-
trical trace of the current within the heart
(see Figure 4). In normal hearts the
conduction of the current is from the top
of the heart to the bottom and it precedes
the mechanical events (contraction) of the
heart chambers. The initial peak (P) there-
fore represents contraction of the upper cham-
bers of the heart. The second peak (QRS)
represents contraction of the lower chambers (pump
action of the heart). The final peak (T) represents relax-
ation of the heart. Abnormalities of the heart can there-
fore be easily identified by comparison with the normal
ECG trace.

When a patient suffers from intermittent chest pain,
he/she may be referred for an electrocardiogram. If this
is normal, he/she may then be invited to undertake an
exercise test. The patient is put on a treadmill and the
speed is gradually increased. The aim of the test is to
stress the heart and reproduce the chest pain. During
the test, the patient is connected to an ECG monitor and
the cardiologist is able to monitor the heart changes
that take place during increased exercise. If angina
occurs this will be recognised by chest pain associated
with ECG changes.

Patient undergoing an ECG while exercising.

Damage may be initiated by mechanical or immuno-
logical events, viral stress or toxins. Once the lining of
the vessel wall is damaged, specialised cells from the
blood enter the vessel wall where they take up lipid
(cholesterol and fat) from the bloodstream. These cells
have a characteristic morphology which gives rise to
their description as foam cells.

Accumulation of foam cells progresses to form what
is known as a fatty streak. The fatty streak is the earliest
sign of atherosclerosis and has been observed in children
as young as 10 years old. The next stage is the formation
of intermediate lesions. These consist of foam cells and
isolated pools of lipid. In addition, smooth muscle cells
accumulate at the site of plaque formation and then
die. The final stage of atherosclerosis consists of fibrous
plaques which often impede blood flow and are prone
to rupture. These are the lesions that cause a heart
attack to occur (sée Figure 1).

Treatment of coronary heart disease
Coronary heart disease is treated either by taking medi-
cines or by interventional or surgical procedures.

Drug treatment

If angina is stable, that is to say the symptoms are
controllable, it is usually treated with medicines. These
include anti-platelet agents such as aspirin which help
to prevent blood clotting; beta-blockers which reduce
heart rate causing a reduction in blood pressure;
nitrates which relax and open up narrowed arteries;
and lipid-lowering therapy using drugs called statins
(see pp. 38-41).
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Figure 4 Normal ECG.

Angioplasty

This procedure was first performed on humans in 1977,
and now over 50000 are performed annually in the
UK. The coronary angioplasty procedure involves
widening the inside of the blood vessel using a small
inflatable balloon (see Figure 5 on p. 24). The procedure
is performed under local anaesthetic and sedation only.
The cardiologist inserts an angioplasty balloon into one
of the patient’s arteries located in the groin or arm and
then under X-ray it is guided up into the coronary
artery. The balloon is inflated over the atherosclerotic
lesion to stretch the artery and increase the diameter of
the blood vessel, thereby restoring blood flow to the
heart. :

In the majority of patients a stent is also implanted
into the patient’s artery. A stent is a permanent, usually
metal, implant that acts as a scaffold to hold open the
vessel. The stent is placed into the coronary artery at the
site of the narrowing using the angioplasty balloon. The
stent expands when the balloon is inflated and remains
expanded and in place when the balloon is deflated and
removed. There are several different designs of stent,
including some that are capable of releasing drugs that
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[image: image4.jpg]Figure 5 (A) The
heart showing a
blocked coronary
artery. (B) The
angioplasty
procedure.

Figure 6
Coronary artery
bypass procedure.
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prevent the vessel from re-narrowing due to scar forma-
tion at the site of angioplasty.

Coronary artery bypass surgery

Coronary artery surgery, developed over 30 years ago,
involves an operation to bypass the blocked arteries in
order to overcome the problems caused by the
narrowing atheroma. This surgical procedure involves
grafting a small piece of another blood vessel, obtained
from the patient’s leg or chest, between the aorta and
the coronary artery beyond the blockage (see Figure 6).
In the majority of patients, the procedure results in
immediate improvement in blood flow to the heart,
leading te-alleviation of angina, increased exercise toler-
ance and improved quality of life.

Risk factors

Risk factors for coronary heart disease can be divided
into two categories. Some factors we cannot control
(non-modifiable risk factors):

® age

o family history

e gender

But others we can control (modifiable risk factors):
® high serum cholesterol

A section of
artery from
the chest may
also be used
as a bypass
graft

bypass the
blocked
coronary

-~ artery

‘The angioplasty
balloon is
deflated and
removed

“The balloon is deflated and
removed and the stent
remains inside the artery

The balloon is
inflated and the
stent expands

e increased blood pressure (hypertension)
® tobacco smoking

® obesity

o diabetes

® inactivity

® excessive alcohol

® excessive stress

Cholesterol

Cholesterol is an important lipid that is synthesised in
the liver and is a major component of all cell
membranes. It is used by the body in the synthesis of
steroid hormones, vitamin D and bile acids, which are
important for the digestion of fats. Cholesterol is trans-
ported in the blood by lipoproteins. These include low-
density lipoproteins (LDLs), which transport cholesterol
from the liver to tissues, and high-density lipoproteins
(HDLs), which transport surplus cholesterol back to the
liver. The concentration of cholesterol in a person’s
blood is partly genetically determined, but is also influ-
enced by diet. Smoking and high blood pressure can
compound the effects of cholesterol on coronary heart,
disease risk. Cholesterol concentrations can be
controlled by adopting a healthy lifestyle. It is important
therefore to avoid being overweight, to take regular
exercise and to restrict the intake of saturated fat (see
BIOLOGICAL SCIENCES REVIEW, Vol. 13, No. 2, pp. 2-5).

Blood pressure

Another risk factor for coronary heart disease is elevated
blood pressure (hypertension). Ideal human blood pres-
sure is around 16 kPa systolic/11kPa diastolic. Systolic
pressure is taken when the heart beats, and diastolic
pressure is taken between beats, that is, when the heart
is filling with blood. Various factors can influence blood
pressure, including obesity, lack of exercise, age, race
and family history, excess alcohol and smoking, salt
intake, stress, kidney disease and diabetes. Blood pres-
sure is a risk factor in coronary heart disease because it
leads to hardening of the arteries which predisposes to
the formation of atheroma.

Smoking

Smoking is a major risk factor for coronary heart disease
and cutting out smoking can greatly decrease one’s
chances of developing the disease. Smoking causes the
blood to become prone to clotting, increases blood
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[image: image5.jpg]Smokers under the age of 50 are five times more likely to die
of coronary heart disease than non-smokers.

pressure and narrows the arteries, thus depriving the
heart of oxygen.

Obesity

Eating a healthy diet can greatly reduce one’s risk of
developing coronary heart disease. Processed and ‘junk’
foods contain high amounts of sugar, salt and fat which,
when taken in large amounts, enhance the risk of coro-
nary heart disease. Saturated fat found in red meat,
butter and cheese contributes to raised cholesterol levels.
Some fats, on the other hand, can have a protective
effect. These contain omega fatty acids and are found
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Angina Intermittent chest pain caused by decreased
blood flow (and hence oxygen) to the heart.

Angioplasty A technique used for treating coronary
heart disease.

Aorta The main artery of the body in mammals.

Atheroma Build-up of cells, lipids etc. within an artery
that may cause blockage and reduce blood flow.

Atherosclerosis The process that leads to progres-
sive blockage of blood vessels and results in coronary
heart disease.

Coronary arteries Blood vessels that supply
oxygenated blood to the heart.

Coronary heart disease The blockage of one or more
of the coronary arteries.

Electrocardiogram (ECG) Electrical tracing of heart
activity.

Myocardial infarction A term used to describe irre-
versible injury to heart muscle.

Omega fatty acids The so-called ‘good’ fats found in
oily fish and nuts.

Stent A permanent, usually metal, implant that
scaffolds open the vessel wall.

SEPTEMBER 2005

TOPFOTO

in oily fish such as herring, mackerel, sardines, tuna
and salmon, and in olives, nuts and seeds. They also
cause an increase in HDL concentration which helps to
remove cholesterol from the circulation. Garlic has also
been shown to improve the cholesterol profile but its
effects are not specific.

Inactivity

Physical activity can reduce the risk of coronary heart
disease by controlling weight and blood pressure and
reducing stress. Exercise does not require a total lifestyle
change. Fitting activity into one’s daily routine, such as
taking the stairs instead of the lift, walking, housework
and gardening all cause an increase in metabolic rate. All
exercise programmes need to be introduced slowly but
around 30 minutes of moderate exercise per day, four or
five times per week, can help

in the fight against heart Further reading
disease.

British Heart Foundation: www.bhf.org.uk
Alcohol

Alcohol taken in moderation Heart UK: wwwheartukorg uk
may be good for your heart. ~ BBC: www.bbc.co.uk/health/heart
However, too much alcohol

can cause damage to the heart muscle and cause irreg-

ular heart beats to occur. In addition, alcohol may

contribute to obesity, high blood pressure and
unfavourable lipid profiles. Binge drinking is particu-

larly harmful.

Summary

Coronary heart disease is caused by the build-up of
atherosclerotic lesions in the blood vessels that supply
blood to the heart. Rupture of an atheroma can cause
sudden blockage of an artery and a heart attack results.
There are several risk factors for coronary heart disease.
Some of these, including smoking and diet, are modifi-
able and by leading a healthy lifestyle the risk of devel-
oping this killer disease can be reduced.

Things to do

» Find out what you can do to keep your heart healthy.

Dr Cathy Holt is Senior Lecturer in Cardiovascular
Biology at the University of Manchester. Her main
research interests involve cellular and molecular
investigations of blood vessels, particularly their response
to injuries that occur following angioplasty, stenting and
bypass surgery.

KEYpoints

e Coronary heart disease is caused by atherosclerosis within the vessels
that supply blood to the heart.

® Atherosclerosis is a progressive disease that develops over time.

® The treatments for coronary heart disease include medication, angio-
plasty and stenting, and coronary artery bypass surgery.

® Risk factors for coronary heart disease are either fixed (e.g. age, family
history) or modifiable (e.g. smoking, diet).

o Lifestyle modifications (e.g. quitting smoking) can greatly reduce the
chances of developing coronary heart disease
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