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The Heartbeat

Each heartbeat is called a cardiac cycle (Fig. 13.5). When
the heart beats, first the two atria contract at the same time;
then the two ventricles contract at the same time. Then all
chambers relax. The word systole refers to contraction of
heart muscle, and the word diastole refers to relaxation of
heart muscle. The heart contracts, or beats, about 70 times a
minute, and each heartbeat lasts about 0.85 second.

A normal adult rate at rest can vary from 60 to 80 beats per
minute.’

When the heart beats, the familiar “lub-dup” sound
occurs. The longer and lower-pitched “lub” is caused by
vibrations occurring when the atrioventricular valves close

due to ventricular contraction. The shorter and sharper.

“dup” is heard when the semilunar valves close due to back
pressure of blood in the arteries. A heart murmur, or a slight
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Figure 13.5 Stages in the cardiac cycle.
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slush sound after the “lub,” is often due to ineffective
valves, which allow blood to pass back into the atria after
the atrioventricular valves have closed. Rheumatic fever
resulting from a bacterial infection is one possible cause of
a faulty valve, particularly the bicuspid valve. Faulty valves
can be surgically corrected. '(
Intrinsic Control-of Heartbeat

The rhythmical contraction of the atria and ventricles is
due to the intrinsic conduction system of the heart. Nodal
tissue, which has both muscular and nervous characteris-
tics, is a unique type of cardiac muscle located in two
regions of the heart. The SA (sinoatrial) node is located in
the upper dorsal wall of the right atrium; the AV
(atrioventricular) node is located in the base of the right
atrium very near the septum (Fig. 13.6a). The SA node ini-
tiates the heartbeat and automatically sends out an excita-
tion impulse every 0.85 second; this causes the atria to
contract. When impulses reach the AV node, there is a slight
delay that allows the atria to finish their contraction before
the ventricles begin their contraction. The signal for the
ventricles to contract travels from the AV node through the
two branches of the atrioventricular
bundle (AV bundle) before reaching the
numerous and smaller Purkinje fibers.
The AV bundle, its branches, and the
Purkinje fibers consist of specialized
cardiac muscle fibers that efficiently cause
the ventricles to contract. '

The SA node is called the pacemaker
because it usually keeps the heartbeat
regular. If the SA node fails to work
properly, the heart still beats due to
impulses generated by the AV node. But
the beat is slower (40 to 60 beats per
minute). To correct this condition, it is
possible to implant an artificial pace-
.maker, which automatically gives ah
electrical stimulus to the heart every
0.85 second.

The intrinsic conduction system
of the heart consists of the SA node, -
the AV node, the atrioventricular

' bundle, and the Purkinje fibers.

atrioventricular

a. When the atria contract, the ventricles are relaxed and filling with blood. b. When the ventricles contract, the
atrioventricular valves are closed, the semilunar vaives are open, and the blood is pumped into the pulmonary
trunk and aorta. ¢. When the heart is relaxed, both the atria and the ventricles are filling with blood.
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Extrinsic Control of Heartbeat

The body has an extrinsic way to regulate the heartbeat. A
cardiac control center in the medulla oblongata, a portion of
the brain that controls internal organs, can alter the beat of
the heart by way of the autonomic system, a division of the
nervous system. The autonomic system has two subdivi-
sions: the parasympathetic system, which promotes those
functions we tend to associate with a resting state, and the
sympathetic system, which brings about those responses
we associate with increased activity and /or stress. The
parasympathetic system decreases SA and AV nodal activ-
ity when we are inactive, and the sympathetic system
increases SA and AV nodal activity when we are active or
excited. _ :

The hormones epinephrine and norepinephrine, which
are released by the adrenal medulla, also stimulate the
heart. During exercise, for example, the heart pumps faster
and stronger due to sympathetic stimulation and due to the
release of epinephrine and norepinephrine.

The body has an extrinsic way to regulate the
heartbeat. The autonomic system and hormones
can modify the heartbeat rate. . '
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Figure 13.6 Conduction system of the heart.
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The Electrocardiogram

An electrocatdiogram (ECG) is a recording of the electrical
changes that occur in myocardium during a cardiac cycle.
Body fluids contain ions that conduct electrical currents,
and therefore the electrical changes in myocardium can be
detected on the skin’s surface. When an electrocardiogram
is being taken, electrodes placed on the skin are connected
by wires to an instrument that detects the myocardium’s
electrical changes. Thereafter, a pen rises or falls on a mov-
ing strip of paper. Figure 13.6b depicts the pen’s movements
during a normal cardiac cycle.

When the SA node triggers an impulse, the atrial fibers
produce an electrical change called the P wave. The P wave
indicates that the atria.are about to contract. After that, the
QRS complex signals that the ventricles are about to con-
tract. The electrical changes that occur as the ventricular
muscle fibers recover produce the T wave. .

Various types of abnormalities can be detected by an
electrocardiogram. One of these, called ventricular fibrilla-
tion, causes uncoordinated contraction of the ventricles
(Fig. 13.6¢). Ventricular fibrillation is of special interest
because it can be caused by an injury or drug overdose. It is
the most common cause of sudden cardiac death in a seem-
ingly healthy person over age 35. Once the ventricles are
fibrillating, they have to be defibrillated by applying a
strong electrical current for a short period of time. Then the
SA node may be able to reestablish a coordinated beat.

a. The SA node sends out a stimulus, which causes the atria to contract. When this stimulus reaches the AV node, it signals the ventricles to
contract. Impulses pass down the two branches of the atrioventricular bundle to the Purkinje fibers, and thereafter the ventricles contract. b. A

normal ECG indicates that the heart is functioning properly. The P wave occurs just prior to atrial contraction; the QRS complex occurs just prior
to ventricular contraction; and the T wave occurs when the ventricies are recovering from contraction. ¢. Ventricular fibrillation produces an

irregular electrocardiogram due to irregular stimulation of the ventricles.



