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The cardiovascular system in

disease - diseases of the vessels

Objectives

You should be able to:

with drugs.

ARTERIOSCLEROSIS AND

ATHEROSCLEROSIS

Definitions and concepts

Arteriosclerosis is a term used to describe hardening
and thickening of arteries. This reduces their elastic
properties.

Atherosclerosis is one of the processes that leads
to arteriosclerosis, and is the main cause of both
ischaemic heart disease (see p. 77) and peripheral
vascular disease (see p. 108). It involves the forma-
tion of atheroma, an accumulation of lipid plaques,
within the walls of a vessel.

Arteriosclerosis of small arteries and arterioles
is termed arteriolosclerosis, and is predominantly
caused by hypertension.

There are three main types of arteriosclerosis:

e Atherosclerosis.
e Arteriolosclerosis.
e Monckeberg’s calcific medial sclerosis.

Consequences of arteriosclerosis

Arteriosclerosis results in a reduced arterial lumen
with a consequent reduction in end-organ perfu-
sion. Furthermore, due to the loss of elasticity,
rupture is more likely. There is also a predisposition
to thrombus formation.

Understand the pathological basis of arteriosclerosis and atherosclerosis.

Define shock and list the main causes.

Outline the risk factors for and complications of hypertension.

Describe how lipids are transported and metabolized, and how this may be modified

Describe the main causes and types of aneurysms.

Describe the various classifications of the vasculitides.

Describe the common congenital abnormalities of the vessels.

Outline the various benign and malignant lesions which affect the vessels.
Recall the risk factors for varicose veins and deep venous thrombosis.
Understand the causes of lymphoedema and lymphangitis and how they arise.

Atherosclerosis

It has been said that every adult in the Western
world has some degree of atheroma in their arteries.
Atherosclerosis and its complications are the main
cause of mortality (over 50%) in the Western
world.

Risk factors

Risk factors for atherosclerosis include constitu-
tional factors such as:

e Age. Increased age increases the number and
severity of lesions.

e Male sex. Men are affected to a much greater
extent than women, until the menopause
when the incidence in women increases, but
men continue to be predominantly affected.

e Genetic predisposition.

Strong risk factors for atherosclerosis are:

e Smoking.

e Hypertension.

e Diabetes mellitus (see below).

e Hyperlipidaemia. It is directly related to levels
of cholesterol and LDL. HDL levels are
protective.

Other factors involved in the development of
atherosclerosis are:
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Fig. 6.1 Stages in the formation of an atheromatous
plaque. (A) Damage to the endothelium. Chronic or
repeated endothelial cell (EC) injury occurs, leading to
metabolic dysfunction and structural changes. EC have a
major role in actively preventing thrombus formation.
Damage activates EC, upregulating inflammatory adhesion
molecules (e.g. ICAM-1) and promoting monocyte and
platelet adhesion. Injury also increases permeability to lipids
and low-density lipoprotein (LDL), allowing movement into
the intima. (B) Formation of a fatty streak. Monocytes
adhere to the endothelium, migrate into the intima and
become macrophages. There, they take up the LDL and
become foam cells as they cannot degrade lipids. Local
oxidation of LDL aids uptake by, and is chemotactic for,
macrophages. Platelets adhere to activated endothelial cells
or areas of denuded matrix. Activated platelets, activated
EC and macrophages release platelet-derived growth factor
(PDGF) and induce smooth muscle migration into the
intima. (C) Development of lipid plaque. Smooth muscle
proliferation and an increase in extracellular matrix occur in
the intima. Smooth muscle cells also take up LDL and form
foam cells. Greater macrophage infiltration takes place.
Lipid may also be released free into the intima.
Macrophages contribute many other factors (e.g.
superoxide, proteases) that increase the damage. (D)
Complicated plaques. As the lesion develops, pressure
causes the media to atrophy and the muscle to be replaced
by collagen. A fibrous cap of collagen forms on top. There
is increased free lipid in the intima. The endothelium
becomes fragile and ulcerates, leading to further platelet
aggregation and thrombus formation.

-
| -

e Exercise — decreases the incidence of coronary
heart disease; however, whether it prevents
atheroma formation is unclear.

e Obesity - increases mortality, but this may
only be a reflection of diet and lipid profile.

e Diet - decreased saturated fat intake has a
beneficial effect, as may antioxidants (e.g.
vitamin E in red wine).

e Stress and personality - certain highly stressed
and type A personalities (anxious, moody and
prone to worry) may have an increased
tendency to atherosclerosis and coronary heart
disease.

Pathogenesis

Atherosclerosis generally affects medium to large
arteries. It is characterized by lipid deposition in the
intima, with smooth muscle and matrix prolifera-
tion combining to produce a fibrous plaque that
protrudes into the lumen (Fig. 6.1). The lesions tend
to be focal, patchy, and not involve the whole cir-
cumference of the vessel.
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Other theories of pathogenesis include:

e Prostaglandins. The balance between
prostacyclin and thromboxane has an
influence on thrombus formation and, because
fibrin and platelets are important components
of atheromatous lesions, this must have a
strong influence on pathogenesis.

e Thrombosis is the primary event that builds up
in layers and organizes to form atheromatous
plaques.

e Neoplasia. An abnormal proliferation of
smooth muscle occurs, caused by some as yet
unidentified factor that produces uncontrolled
growth.

Atherosclerosis is primarily an inflammatory
process, and it is asymptomatic until it produces:

e Narrowing of the lumen - sufficient narrowing
of the vessel produces symptoms of ischaemia
(e.g. intermittent claudication, angina or
gangrene).

e Sudden occlusion - caused by plaque rupture
followed by thrombosis (e.g. in myocardial
infarction).

e Emboli - these may impact in other vessels
(e.g. stroke).

e Aneurysms - resulting from wall weakening.

Atheroma is a disease of the intima.

Treatment

The majority of research has looked at ways of
reducing ischaemic heart disease by treating risk
factors; it is not known what effect this has on the
progress of atherosclerosis, but indirectly the follow-
ing treatments have been used:

e Dietary control (reduced fat and sugar intake;
increased amounts of fresh fruit and vegetables).

e Regular exercise and change in life-style

(decrease stress).

Stopping smoking.

Cholesterol-lowering drugs (e.g. statins).

Adequate blood pressure control.

Optimal control of diabetes.
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e Anti-platelet agents (e.g. aspirin and
clopidogrel).

Monckeberg's medial
calcific sclerosis

This is an idiopathic, degenerative disease of the
elderly (aged over 50 years) characterized by focal
calcifications in the media of small- and medium-
sized arteries.

The femoral, tibial, radial and ulnar arteries are
predominantly involved. There is little or no in-
flammation, and usually the calcifications do not
cause either obstructions or symptoms. There is an
increase in pulse pressure (isolated systolic hyper-
tension) caused by loss of elasticity in the arteries.

Effects of diabetes mellitus
on vessels

Diabetes mellitus causes a range of serious vascular
complications, the severity of which is directly
related to blood glucose levels. Intensive control of
blood glucose (monitored long term by levels of
glycosylated haemoglobin, HbA,¢), and treatment
with ACE inhibitors can minimize these risks.
Complications include:

e Microangiopathy.
e Hyaline arteriosclerosis.
e Atherosclerosis.

Type I diabetes is predominantly associated with
small vessel disease (e.g. retinopathy, nephropathy,
neuropathy), while type II predominantly causes
large vessel disease (e.g. ischaemic heart disease
and peripheral vascular disease).

Microangiopathy

Microangiopathy is diffuse thickening of the base-
ment membranes of capillaries; paradoxically,
however, they become more permeable, especially
to plasma proteins. This results in specific organ
damage:

e Nephropathy - glomerular involvement leads
to microalbuminuria and can progress to renal
failure.

e Retinopathy - degenerative changes include
maculopathy and cataracts.

e Neuropathy - peripheral nerves, especially
those in the lower leg, are most susceptible.
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These phenomena are related to hyperglycaemia
and the formation of advanced glycosylation end
products.

Hyaline arteriosclerosis

Hyaline arteriosclerosis is more prevalent and more
severe in patients with diabetes mellitus.

Atherosclerosis

Atherosclerosis begins early during the onset of
diabetes mellitus. Complicated plaques become
more numerous and severe. Contributing factors
include:

e Associated hyperlipidaemia and decreased
HDL.

e Glycosylation of LDL and its cross-linking with
collagen.

e Increased platelet adhesion caused by obesity
and hypertension.

Fig. 6.2 Bypass procedures in
peripheral vascular disease.
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Peripheral vascular disease

Atherosclerosis and diabetes related vessel damage
may commonly occur in the lower limbs. The super-
ficial femoral artery is most commonly targeted,
although the aorta, iliac and common femoral arter-
ies may also be involved.

The most common presentation is with inter-
mittent claudication, i.e. pain brought on by
walking as the muscles become ischaemic which is
relieved by rest. Treatment at this stage involves
modification of cardiovascular risk factors, smoking
cessation being paramount. Continuing to exercise
through the pain will help to develop a collateral
circulation, improving blood supply to the lower
limb, and should be encouraged.

Should the ischaemia worsen, ulceration and
gangrene may occur (see p. 161). Critical ischaemia,
i.e. pain at rest, should be treated either with a
surgical bypass procedure (Fig. 6.2), or angioplasty.
If the ischaemia is so severe that the limb becomes

aorto-femoral
bypass

fem-femoral
crossover bypass

fem-popliteal
bypass

fem-distal
bypass
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necrotic and non-viable, amputation should be
performed.

Peripheral vascular disease is very common in
diabetics and smokers. It is important to establish
the claudication distance, i.e. how far the patient
can walk before onset of pain. This helps determine
whether the management should be conservative
or surgical. ‘Stop smoking, start walking' is a good
starting point for treatment.

SHOCK AND HAEMORRHAGE

Shock

Definition

Shock is an acute failure of the cardiovascular system
to adequately perfuse the tissues of the body. There

are four major shock categories depending upon the
causative factor:

e Hypovolaemic shock.
e Distributive shock.
e (Cardiogenic shock.
e Obstructive shock.

Symptoms
The symptoms of shock are:

e Faintness, light-headedness, dizziness.
e Sweating, pallor.
e Reduced level of consciousness.

Signs
The classical signs of shock are:

e Pale, cold, clammy skin caused by cutaneous
vasoconstriction in an effort to conserve blood
flow to the vital organs and sweating caused
by sympathetic stimulation.

e Rapid, weak pulse caused by tachycardia and

decreased stroke volume.

Reduced pulse pressure.

Rapid, shallow breathing.

Impaired urine output.

Muscular weakness.

Confusion or reduced awareness.

Shock and haemorrhage 6

Hypovolaemic shock

This results from a fall in circulating blood volume
caused by either:

e External fluid loss (e.g. vomiting, diarrhoea,
haemorrhage).

¢ Internal fluid loss (e.g. pancreatitis, severe
burns, internal bleeding).

Distributive shock

This is not due to a loss of fluid, but maldistribution
of fluid as it leaves the intravascular compartment.
The two main causes are:

e Sepsis.
e Anaphylaxis.

Septic shock

Septic shock is caused by toxins (e.g. endotoxin)
released from bacteria during infection. The patient
may have warm skin, but will have a low blood
pressure due to inappropriate vasodilatation. Treat-
ment is with fluid replacement, antibiotics and if
severe can include noradrenaline and vasoconstric-
tors. Artificial ventilation is sometimes required for
lung involvement if ARDS (adult respiratory distress
syndrome) develops.

Anaphylactic shock

This is a type I hypersensitivity reaction, which is an
immediate IgE-mediated immune response to an
antigen in the body to which the patient is allergic.
It leads to circulatory collapse, dyspnoea, and even
death.

The IgE immune response consists of the activa-
tion of basophils and mast cells (basophils are
mobile in the blood, mast cells are fixed in tissue).
The degranulation of these cells leads to release of
histamine and other factors. Prostaglandins, leu-
kotrienes, thromboxane, and platelet activation
factors are also synthesized and released. The
results are as follows:

e Generalized peripheral vasodilatation, which
leads to hypotension.

e Increased vascular permeability reducing
plasma volume.

e Bronchial smooth muscle constriction, which
leads to dyspnoea.

e Oral, laryngeal, and pharyngeal oedema.

e Urticaria and flushing.

Death may result from the circulatory collapse.
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Treatment consists of immediate intramuscu-
lar adrenaline, anti-histamine (e.g. chlorphenira-
mine) and an infusion of hydrocortisone (a
glucocorticoid).

An anaphylactoid reaction produces a similar
picture to that described above, but it is caused by
the direct effects of a substance on mast cells and
basophils (i.e. it is not mediated by IgE). This
sometimes occurs with radio-opaque contrast
media.

Anaphylaxis may occur with anaesthetic gases and
antibiotics. The initial treatment is Airway,
Breathing, Circulation. Oxygen; fluids and
adrenaline should be given immediately. Steroids
and antihistamines should be given shortly after.
The patient should be referred to an immunologist,
and carry an alert bracelet if appropriate.

Cardiogenic shock

This is caused by an interruption of cardiac function
such that the heart is unable to maintain the circula-
tion, i.e. pump failure. It usually has an acute onset,
but it may be a result of worsening heart failure.
Causes include:

e Myocardial infarction.
e Arrhythmia.
e Myocarditis.

Valve failure, caused by infective endocarditis or
mitral valve prolapse for example, may also result
in shock.

Obstructive shock

In obstructive shock there is a direct obstruction
to blood leaving the heart or great vessels, for
example:

e Cardiac tamponade.
e Pulmonary embolism.
e Tension pneumothorax.

Haemorrhage

A 10% blood loss produces no change in blood
pressure. A 20-30% blood loss may cause shock,
but it is not usually life threatening. A 30-40%
blood loss produces severe or irreversible shock
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(50-70 mmHg fall in blood pressure). Respiratory
rate is a much more sensitive indicator of blood loss
than pulse rate or blood pressure, as Fig. 6.3 shows.
Hypotension is an indirect result of blood loss. It is
caused by a decreased blood volume, reducing
venous return to the heart. A reduced end-diastolic
volume reduces the strength of contraction and,
therefore, stroke volume.

The body responds in different ways to rectify
the loss of pressure and volume. The response is
often subdivided into:

¢ An immediate response occurring within
seconds (Fig. 6.4).

e An intermediate response occurring within
minutes or hours (Fig. 6.5).

¢ A long-term response occurring within days or
weeks (Fig. 6.6).

Treatment is to prevent further blood loss and
volume expansion with intravenous fluids. Haem-
orrhage differs from other causes of hypovolaemia
however as red cells, clotting factors and other
components of plasma are also lost.

HYPERTENSION ®

Current World Health Organization (WHO) recom-
mendations define hypertension as a resting blood
pressure above 140 mmHgsystolicand/or 90 mmHg
diastolic in those under 50 years, and 160 mmHg
systolic and/or 95 mmHg diastolic in older patients,
although these criteria are somewhat arbitrary. Car-
diovascular disease risks increase with blood pres-
sure even within the normal range. Using the WHO
criteria, up to 25% of the population may have
hypertension.

Classification

Hypertension is classified according to both under-
lying cause and clinical progression. Primary (essen-
tial) hypertension accounts for 90% of hypertensive
patients; the precise aetiology is unknown, but it is
probably multifactorial.  Predisposing factors
include:

Age (blood pressure rises with age).
Obesity.

Excessive alcohol intake.

High salt intake.

Genetic susceptibility.
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Fig. 6.4 Immediate response to
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The distinction between primary and
secondary hypertension is of great
clinical significance, since only in the latter case is
treatment of the underlying cause possible.

Complications
Hypertension is a major risk factor for:

e Atherosclerosis.

e Cerebrovascular disease.

e Aortic aneurysm.

e (Cardiac failure (which is the cause of death in
one-third of patients).

e Atrial fibrillation.

¢ Renal failure.

e Visual disturbance (caused by papilloedema
and retinal haemorrhages).

Note that initially hypertension is usually
asymptomatic, and in essential hypertension no
obvious cause can be found. This can affect compli-
ance with therapy, especially if drugs have too
many side effects.

Hypertensive vascular disease

Hypertension not only accelerates atherosclerosis,
but it also results in characteristic changes to arteri-
oles and small arteries - arteriolosclerosis. All these
changes are associated with narrowing of the vessel
lumen. Changes in benign hypertension include:

e In arteries — muscular hypertrophy of the
media, reduplication of the external lamina,
and intimal thickening.

e In arterioles - hyaline arteriosclerosis (protein
deposits in wall).

¢ In vessels of the brain - microaneurysms
(Charcot-Bouchard aneurysms) can occur.

Other changes are associated with, but not
restricted to, malignant hypertension. Hyperplas-
tic arteriosclerosis, with reduplication of basement
membraneand muscular hypertrophy solely within
the intima, can occur in arteries and arterioles.

When these changes are associated with fibrin
deposition (also known as fibrinoid changes) and
necrosis of the vessel wall, the condition is known
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as necrotizing arteriolitis. These changes frequently
affect the renal arterioles to produce nephrosclero-
sis, which may impair renal function or exacerbate
hypertension through the renin-angiotensin
system.

Hypertensive heart disease

Systemic (left-sided) hypertensive
heart disease

Criteria for diagnosis of systemic hypertensive heart
disease are:

e History of hypertension (>140/90 mmHg).

e Left ventricular hypertrophy (wall thickness
measuring >15 mm, weight >500 g, or ECG
changes).

e Absence of any other causes of hypertrophy.

In hypertensive heart disease, changes that are
initially adaptive lead to cardiac dilatation, conges-
tive heart failure, and even sudden death. The heart
adapts with hypertrophy of the left ventricular
wall, initially without any change in ventricular
volume. Histologically this is characterized by
enlargement of the myocytes and their nuclei
(hypertrophy). In the long term, interstitial fibrosis
and myocyte atrophy occur, causing ventricular
dilatation.

Pulmonary hypertensive heart disease
(cor pulmonale)

Pulmonary hypertensive heart disease can be defined
as right ventricular hypertrophy (wall thickness
measuring >4 mm) as a result of hypertension in the
pulmonary circulation caused by a primary lung
pathology.

Pulmonary hypertension can be classified as:

e Right ventricular hypertrophy and failure (also
known as chronic pulmonary hypertension or
cor pulmonale).

e Acute pulmonary hypertension (a sudden
onset usually after a large pulmonary
embolism).

Right ventricular hypertrophy and failure is a
chronic disease of right ventricular pressure load
(e.g. pulmonary vasoconstriction in hypoxia
caused by high altitude or in chronic obstructive
airways disease). Right ventricular dilatation may
cause tricuspid regurgitation.
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Pulmonary artery hypertension may be caused
by heart disease (left ventricular failure, mitral
valve disease, cardiac shunts) or lung disease
(primary pulmonary hypertension, interstitial
fibrosis, pulmonary emboli).

Antihypertensive drugs
Angiotensin-converting enzyme inhibitors

Angiotensin-converting enzyme (ACE) inhibitors
(e.g. captopril, enalapril, perindopril) inhibit the
conversion of angiotensin I to angiotensin II by ACE
(Fig. 6.8). They also inhibit bradykinin (a vasodila-
tor) breakdown by ACE. They are now becoming a
first-line treatment, but they should not be used to
treat patients with severe renal artery stenosis as this
predisposes to flash pulmonary oedema, renal isch-
aemia and subsequent failure.
The side effects are:

First-dose hypotension.
Skin rash.

Coughing.

Renal impairment.

There are a number of once-a-day preparations
(e.g. lisinopril and ramipril) which have a lower
incidence of first-dose hypotension.
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Fig. 6.8 Action of angiotensin-converting enzyme (ACE)
inhibitors and angiotensin Il (A;) receptor antagonists (A,
angiotensin I, A;, angiotensin Il; AT,, angiotensin Il receptor
type 1; By, activated bradykinin-activated by endothelial
cell; BK, bradykinin; NO, nitric oxide; PGl,, prostacyclin).
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Angiotensin Il receptor antagonists

Angiotensin II receptor antagonists (e.g. losartan)
inhibit the angiotensin II receptor and prevent the
action of angiotensin Il (Fig. 6.8). They are useful
when ACE inhibitors have produced an intolerable
cough (possibly caused by elevated bradykinin).

Diuretics

Usually a thiazide-type diuretic is used (e.g. bendro-
fluazide). These drugs inhibit sodium reabsorption
in the distal renal tubule, which causes increased
salt and water excretion, decreasing blood volume
and decreasing blood pressure. Side effects in high
doses are:

e Hypokalaemia (low K*) leading to arrhythmia
and muscle fatigue.

e Hyperuricaemia (high uric acid) causing gout.

e Hyperglycaemia (raised blood glucose).

e Increased low-density lipoprotein (LDL) and
very low-density lipoprotein (VLDL) leading to
atherosclerosis.

Other diuretics may also occasionally be used,
see p. 85.

Beta-blockers

Beta-blockers are antagonists of B-adrenoceptors.
They block sympathetic activity in the heart (j,),
peripheral vasculature (,), and other tissues includ-
ing the bronchi (B,).

In the heart, this results in a decrease in heart
rate and myocardial contractility. Renin release
from the juxtaglomerular cells is reduced and there
is a central action, reducing sympathetic drive.
These effects combine to lower blood pressure, but
only in hypertensive patients.

The effect of B-blockers on the peripheral vascu-
lature leads to a loss of B-mediated vasodilatation
causing an unopposed o-vasoconstriction. This
may initially cause an increase in vascular resis-
tance, elevating blood pressure, but, in long-term
use, the vascular resistance returns to pretreatment
levels. However, peripheral blood flow may still be
reduced, leading patients to complain of cold
extremities.

Some B-blockers can preferentially act on ;-
adrenoceptors, being more cardioselective; how-
ever, even these drugs have some blocking effect
on the B,-adrenoceptor, and they should be given
to asthmatic patients with extreme caution.
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Types of B-blockers include:

e Propranolol, atenolol (act on B,, B,).
e Metoprolol, bisoprolol (selective f,-blockers).

The main side effects of B-blockers are:

e Bronchoconstriction, leading to worsening
asthma or chronic obstructive airways disease.

¢ Bradycardia.

e Hypoglycaemia.

e Fatigue and lethargy.

e [Impotence.

e Sleep disturbance, nightmares, and vivid
dreams (particularly propranolol).

e Rebound hypertension if stopped suddenly.

Alpha-blockers

Alpha-blockers (e.g. prazosin and doxazosin) are
antagonists of a-adrenoceptors. There is postsynap-
tic block of a,;-adrenoceptors, which prevents sym-
pathetic tonic drive and leads to vasodilatation.
Therefore, there is a decrease in total peripheral
resistance and thus a decrease in blood pressure.
Doxazosin is often used for labile (catecholamine-
mediated) hypertension.
Side effects of o-blockers are:

e Postural hypotension caused by loss of
sympathetic vasoconstriction.

e First-dose phenomenon of rapid hypotension
when initially administered.

Other sympatholytics

Adrenergic neuron blockers (e.g. guanethidine)
prevent the release of noradrenaline from post-
ganglionic neurons. They are rarely used now
because they affect supine blood pressure control,
and they may cause postural hypotension. They
may be useful with other therapy in resistant
hypertension.

Centrally acting o,-agonists (e.g. methyldopa)
decrease central sympathetic drive by displacing
noradrenaline with a false transmitter (e.g. meth-
ylnoradrenaline from methyldopa). Release of the
false transmitter is more active on o, pre-synaptic
negative feedback receptors than on o, reducing
transmitter release and ultimately blood pressure.
They are used to treat hypertension in pregnancy
because more modern drugs have never been tested
in pregnancy.
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Calcium antagonists

Calcium antagonists (e.g. verapamil, nifedipine,
amlodipine, diltiazem) block voltage-gated calcium
channels in myocardium and vascular smooth
muscle. This causes a decrease in myocardial con-
tractility, electrical conductance and vascular tone.

Calcium antagonists interfere with the action
of various vasoconstrictor agonists (e.g. nor-
adrenaline, angiotensin II, thrombin). All may
precipitate heart failure (but this risk is reduced
with nifedipine and nifedipine-like drugs, e.g.
amlodipine).

Verapamil and diltiazem decrease heart rate by
causing an inhibition of conduction through the
AV node. They should be used only very cautiously
with B-blockers as this may lead to heart block. The
main side effect of these drugs is constipation.

Nifedipine and amlodipine relax vascular
smooth muscle, dilating arteries. The main side
effects are headache and ankle oedema.

Diltiazem also decreases vascular tone, hence its
use as an anti-anginal. Its main side effect is
bradycardia.

Potassium channel agonists

Potassium channel agonists (e.g. nicorandil) open
ATP-dependent K" channels. Opening of K" chan-
nels hyperpolarizes vascular smooth muscle cells,
thereby making depolarization harder to achieve.
This reduces the stimulation by vasoconstricting
agonists on the muscle cells.

Potassium channel agonists are used only in
severe hypertension when other methods have
failed (diazoxide is used in hypertensive emergen-
cies). They are usually used with a B-blocker and
thiazide diuretic to counteract side effects.

Side effects of potassium channel agonists are:

¢ Increased hair growth (with minoxidil).

e Salt and water retention, leading to oedema
(use thiazide).

e Reflex sympathetic activation causing
tachycardia (use B-blocker).

Combinations

ACE inhibitors are being used increasingly as a first-
line treatment for hypertension as they carry a
reduced risk of side effects. They can be combined
with thiazide treatment, but caution should be used
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with existing diuretic treatment due to the risk of a
collapse in blood pressure in volume depleted
patients. B-Blockers have traditionally been used
with a thiazide if a thiazide has not been effective
alone.

After these options have failed or are contrain-
dicated, calcium antagonists should be tried.
Diuretics may be used in addition, but verapamil
should not be combined with B-blockers.

In severe hypertension where the above thera-
pies have been tried or are contraindicated, then
the vasodilators, o-blockers, and centrally acting
drugs may be used. They may be used in conjunc-
tion with an ACE inhibitor, or a thiazide and a B-
blocker, although doxazosin is being used more
frequently in preference to diuretics and B-blockers
because of its vasodilator effect and minimal side
effects.

LIPIDS AND THE

CARDIOVASCULAR SYSTEM

Lipid transport and metabolism

The insolubility of lipids in plasma means a special
transport mechanism is required. This is provided
by lipid-protein complexes known as lipoproteins,
while the individual proteins are known as apoli-
poproteins. The apolipoproteins also act as recep-
tors for cell surface proteins, which determine the
destination of different lipoproteins. Low-density
lipoprotein (LDL) is the main lipoprotein involved
in the transport of cholesterol. Fig. 6.9 shows the
main transport pathways for lipids from the diet
(exogenous) and for lipids from the body’s stores
(endogenous).

It is thought that lipoprotein A is a prothrom-
botic lipoprotein that is particularly involved in
coronary disease, while high levels of high-density
lipoprotein (HDL) are protective. The classification
of lipoproteins is outlined in Fig. 6.10.

Hyperlipidaemia

Hyperlipidaemia (Fig. 6.11) can be classified as
hypertriglyceridaemia (raised triglycerides - also
called triacylglycerides), hypercholesterolaemia
(raised cholesterol), or hyperlipoproteinaemia
(raised lipoproteins).
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Effects of hyperlipidaemia
Atherosclerosis

There is a strong correlation between cholesterol
levels and death rates from ischaemic vascular
disease. There is an even stronger correlation
between fibrinogen levels and ischaemic vascular
disease. It must, therefore, be remembered that ath-
erosclerosis is a multifactorial disease.

It is thought that LDL damages the arterial wall
by producing oxygen radicals, or exacerbates wall
injury from other causes. Atheromatous plaques
may develop in this damaged arterial wall. HDL
however is protective against atherosclerosis.

Acute pancreatitis

Acute pancreatitis can result from

hypertriglyceridaemia.

Subcutaneous deposits

Subcutaneous deposits of lipids are often painful,
and can be found in the skin usually around the eyes
(xanthelasma) and in tendons (tendon xanthomas).
They are usually diagnostic of hyperlipidaemia.

Treatment of hyperlipidaemia

H