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Il but the smallest animals have a
circulation that allows oxygen and nutri-
ents to reach every living cell. In large and
active animals it is not sufficient for the
blood simply to bathe the tissues. The
demand for oxygen is high and so the blood
flow must be rapid to supply enough
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oxygen and nutrients to the tissues. It is the
blood pressure (BP) in the arteries which
maintains the flow of blood.

The heart ensures all the organs of the body
are perfused with sufficient blood to meet
their requirements. The blood flow to each
organ is regulated according to the organ’s
respiratory needs at that time, and blood
flow is the most important aspect of the
circulation. The human heart pumps blood,
under pressure, from the left ventricle i

Measuring blood pressure using a
sphygmomanometer.
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Figure 1 Diagram of blood pressure variations in different parts of the human circulatory
system. (Note Between beats, blood pressure falls to near zero in the ventricle. It falls

rapidly across the capillary bed.)

the aorta from where it is widely distrib-
uted (see Figure 1). As the blood flows
through the arteries it meets resistance. It
is the interaction between the force of the
contraction of the left ventricle of the heart
and the resistance in the arteries which
creates the blood pressure.

In a healthy adult the blood pressure in
a large artery, for example the brachial
artery in the arm, is about 120-130 mmHg
(see Box 1) at the end of ventricular
contraction or systole. The pressure falls to
about 70-75mmHg just before the next
heart beat, the time period called diastole.
If you are told your blood pressure is
120/70, it means that the systolic pressure
is 120 mmHg and the diastolic pressure is
70 mmHg.
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WHY IS BLOOD PRESSURE
IMPORTANT?

In order to answer this question it is
necessary to understand how the micro-
circulation of an organ functions. The
microcirculation includes arterioles (small
vessels with a diameter ranging from
20-200 pm), capillaries and venules. The
capillary vessels have only a single layer of
endothelial cells lining them so that respi-
ratory gases and solutes, such as glucose
and amino acids, can easily diffuse into the
tissue fluid and then pass into or out of the
cells in an organ. There is a constant
exchange between the blood in capillaries
and the tissue fluid surrounding cells. This
occurs by ultra-filtration and absorption.
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Figure 2 Diagram of the capillary filtration/absorption process. As blood enters the capillaries
on the right of the diagram fluid is forced out by the hydrostatic pressure but is re-absorbed

at the venous end by osmosis.

The blood pressure tends to force water
and small dissolved molecules out of the
capillary, thus forming tissue fluid, whereas
the solute potential of the blood has the
opposite effect, drawing water back into
the blood by osmosis.

Whether water moves from the blood
into the tissues or whether it is reabsorbed
into the blood depends upon the balance
between the forces involved. The direc-
tion of fluid movement between blood
and tissues depends upon the hydrostatic
pressure in the vessel and osmosis (see
Figure 2).

Blood contains several proteins, one of
which is albumin. Albumin is soluble, but
it is too large to filter out through the capil-
lary wall. This means that there is a greater
concentration of solutes in the plasma than
there is in the tissue fluid, so water is
drawn into the blood by osmosis. At the
entrance to the capillary the hydrostatic
pressure (tending to force fluid out) is
higher than the osmotic effects (drawing
fluid back in), therefore fluid moves from
the blood into the tissues. The fluid carries
water-soluble solutes such as glucose into
the tissue fluid and then into cells.

At the other end of the capillary the
hydrostatic pressure has fallen. Now the
osmotic effects of the plasma proteins have
the strongest effect, so fluid moves from
the tissues back to the blood. This means
water-soluble substances, such as lactic
acid, pass into the capillary and on into
the veins. It is estimated that in the body
of an adult an average diffusion exchange
of 80000 litres of fluid takes place every
day.

If the blood pressure falls so that the
hydrostatic pressure is below the osmotic
pressure, metabolism may be impaired
because nutrients do not reach the cells.
‘When someone has a heart attack, and the
heart stops beating, the blood pressure
may fall to below 10 mmHg. If this persists
for more than 15 minutes death ensues
because the brain is deprived of oxygen
and glucose. Maintaining normal blood
pressure is vitally important.

MEASURING BLOOD PRESSURE

Normal blood pressure varies with age, but
in adults it is usually around 120/70 mmHg.
Blood pressure is usually measured by
placing an inflatable cuff around the upper
forearm and then rapidly inflating it. The
pressure compresses the artery until the
blood flow is cut off. A stethoscope is
placed over the artery in the bend of the
elbow and the cuff slowly deflated until the
blood can be heard flowing again. When
the sound is first heard, the pressure on the
gauge represents the systolic pressure. As
the cuff is further deflated the pressure
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Figure 3 24-hour blood pressure profiles derived by pooling the hourly average of 85

subjects. (Solid lines =

at which the sound disappears reflects
the diastolic pressure. Modern electronic
devices can measure blood pressure con-
tinuously over 24 hours, and studies with
these devices show that blood pressure
varies greatly according to activity and time
of day (see Figure 3).

CONTROLLING ndon PRESSURE

Since an appropriate supply of blood to
tissues is vital for survival, the body has
an elaborate system to ensure that the
hydrostatic pressure at the arteriolar
entrance to the capillaries is kept constant
at all times.

There are three key elements influ-
encing the blood pressure — the activity
of the heart, the contractile state of the
arterioles (which affects resistance to flow)
and the volume of blood. The blood
volume is important because if insufficient
blood returns to the heart (perhaps due to
loss of blood following an accident) it
cannot produce the normal blood pressure.
Thus, blood pressure is determined by the
blood volume as well as by the cardiac
output and peripheral resistance. These
three elements are under both nervous and
hormonal control.

If the circulation is to function properly
it must be able to respond appropriately to
the different activities of the body as a
whole. There are several types of receptor,
which send signals (mainly to the brain) to
indicate whether the circulation requires
modification. The cardiovascular system
is controlled by an area (the vaso-motor
centre) in the medulla of the brain (see
Figure 4). The vaso-motor centre receives
signals from sensory receptors in the heart
and certain blood vessels. These respond to

ial readings. Dashed lines = recordings 3 months later.)

changes in blood pressure, composition of
the blood and the blood volume.

The vaso-motor centre responds to the
sensory input and then sends signals to
the heart and blood vessels by means of the
autonomic nerves. For example, the vagus
nerve, which passes from the medulla
down to the rest of the body, innervates
the heart and, when stimulated, slows
the heartbeat, hence lowering the blood
pressure.

In contrast the sympathetic nerves
increase heart rate and the strength of
ventricular contraction and also reduce the
diameter of the arterioles, by stimulating
the contraction of muscle in the arteriole
walls. The diameter of the arteriole walls

The pascal (Pa) is used to measure
pressure and has replaced millimetres
of mercury (mmHg — an older unit of
measurement). However, the latter is
still used in medical practice and when
you have your blood pressure taken the
measurements are always quoted in
mmHg.

1 mmHg = 133.3 Pa. Thus, a reading of
120mmHg = 15996 Pa = 15.996 kPa.

has a major effect on the peripheral resis-
tance and thus on blood pressure — when
the arterioles constrict resistance to blood
flow increases and the blood pressure rises.
Thus blood pressure can be modified in a
matter of seconds or minutes (see pp. 2-5).

The third important influence on blood
pressure is the blood volume. Blood
volume is maintained by balancing fluid
intake (normally 2-2.5 litres per day) with
urine output (normally 1.5 litres per day)
and water lost through sweat and in the
breath. The kidney regulates the blood
volume by adjusting the amount of water
excreted in the urine. The blood volume is
also affected by the exchange of fluids
between blood and the tissue fluid and
also by the volume of red cells present.
When someone loses a lot of blood the
blood pressure falls rapidly. The kidneys
stop secreting urine and the sympathetic
nerves stimulate the heart to beat faster
and more strongly, and stimulate the blood
vessels to constrict. If the lost blood is
replaced by a blood transfusion, normal
equilibrium can be restored over 6-8 hours
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Figure 4 Diagram of key control elements of the circulation. Receptors on the left generate
signals to the brain through afferent nerves. The main centre for signal integration and
output is the medulla. (Note The vagal nerves release the transmitter acetylcholine, and

sympathetic nerves release noradrenaline.)
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[image: image4.jpg](see Figure 5). If not, vital organs,
such as the brain, liver and kidneys,
may fail and death follows.
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volume via the sodium chloride level  g_5 minutes Stimulate
in blood. The amount of sodium J heart
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made in the adrenal glands and circu-
lates to the kidney where it stimulates

Change in capillary pressure

the reabsorption of sodium in the 30 minutes

tubules. This results in an increase in
blood volume and hence a rise in
blood pressure. Anti-diuretic hormone
(ADH) is also involved in controlling
the amount of water in the blood, thus
affecting blood volume. Osmorecep-
tors detect changes in the osmotic
pressure of the blood and transmit
impulses to the posterior lobe of
the pituitary gland, which releases
ADH. ADH increases the amount of
water reabsorbed by the kidney,
reducing the volume of urine and
thus increasing blood volume.

ABNORMAL BLOOD PRESSURE

The examples given above show what
happens if the blood pressure falls below
80/50mmHg. There are situations in
which blood pressure is abnormally high,

Tissue fluid enters blood compartment
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a condition called hypertension. In over
90% of patients with high blood pressure
the cause is unknown. This is called essen-
tial hypertension. A sustained rise in blood
pressure to more than 150/100 mmHg can
lead to an increase in the vascular disease

Figure 5 When blood loss (haemor-
rhage) occurs, a sequence of circulatory
adaptions takes place, involving several
body systems.

atherosclerosis, which causes heart
attacks and strokes. Hypertension also
causes the heart to increase abnormally
in size and strength, eventually leading
to heart failure. Apart from smoking,
essential hypertension is the most
important risk factor for cardiovascular
diseases that lead to death. The under-
standing of blood pressure and its
control has led to the development of
effective anti-hypertensive drugs to
treat the condition. B
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