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In addition to the wave components of the ECG, there are periods of time called intervals and segments. An interval
is part of the ECG containing at least one wave and a straight line. For example, the PR interval includes the P wave
and the connecting line before the QRS complex. The PR interval represents the time it takes for the impulse sent
from the SA node to travel to the ventricles. A segment refers to a period of time from the end of one wave to the
beginning of the next wave. For example, the PR segment represents the time of AV nodal delay and transmission to

the ventricles.
Values within normal ranges for the duration and voltage of the different phases of the ECG complex as seen in Lead
Il are indicated in Table 3.1.
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Table 3.1 Normal Lead Il ECG values (wrist and ankle electrodes)*

Phase Duration Am_p_litude
(seconds) (millivolts)

P Wave 0.06 —0.11 <0.25
PR Interval 0.12-0.20
PR Segment 0.08
QRS Complex <0.12 08-1.2
ST Segment 0.12
QT Interval 0.36 -0.44
T Wave 0.16 <0.5

*Tabled values represent results from a typical Lead Il setup (wrist and
ankle electrode placement); values for torso placement would be different.
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Normal sinus rhythm (NSR) is the normal, regular rhythm of the heart, originating in the SA node and characterized
by a heart rate of 60 to 100 beats per minute. Sinus arrhythmia is an irregularity of the heart rate in which there is a
cyclic increase and decrease in the rate of a sinus rhythm. Tybically, heart rate increases during inspiration and
decreases during expiration. This occurs because breathing alters blood pressure, which triggers changes to the
sympathetic and parasympathetic nervous outflow to the heart. Sinus arrhythmia is considered to be present when
the difference between the longest and shortest RR interval is greater than 0.16 seconds. Usually, sinus arrhythmia is
of no clinical significance (i.e. without overt symptoms or effects). However, marked sinus arrhythmia can cause heart
palpitations (a pounding sensation), dizziness, and fainting.

In this lesson, you will record the ECG under four conditions: lying down, after sitting, breathing deeply, and after
exercise.

Il. EXPERIMENTAL OBJECTIVES

1) To become familiar with the electrocardiograph as a primary tool for evaluating electrical events within the
heart.

2) To observe rate and rhythm changes in the ECG associated with body position and breathing.
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|.  SCIENTIFIC PRINCIPLES

The four-chambered human heart receives blood from veins AN
and pumps it into arteries. The receiving chambers are the ;7
right atrium and the left atrium, and the pumping chambers [ Ve 1)

y | |

are the right ventricle and the left ventricle (Fig. 3.1). Blood SAnode ) | )i ;\\?\ et atrium

flows into and out of the heart in the following sequence: right atrium /”\/(5 \%'\\A bundle of Hi
veins — atrium — ventricle — artery internodal pathways { [ ( et bundle branch

AV node 1\ \
Blood passing through the left side of the heart is kept right bundle branch \\ | interventricular septum
separate from blood passing through the right side of the right ventricle |\ {oft ventricle
heart. Thus, the human heart is actually a double pump, right ) L} cvenne

and left. The right heart receives blood from the systemic
veins and pumps the blood into pulmonary arteries going to
the lungs. The left heart receives blood coming from the Purkinje fibers
lungs by way of the pulmonary veins and pumps the blood to  Fig. 3.1 Heart chambers

the rest of the body.
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Most of the heart wall is made up of cardiac muscle tissue,
called the myocardium (myo — muscle, cardia — heart).
Regular, cyclic contractions of the atrial myocardium followed
by the ventricular myocardium are called heartbeats, or Pulmonary /
cardiac cycles. Repetitive cardiac cycles cause blood to
circulate through the heart and the blood vessels. The
frequency of the heartbeats, expressed as beats per minute
(BPM), is called heart rate.

The human heartbeat is myogenic (myo — muscle, gene — Tricuspid Valve
origin); that is, the signal for the heart to beat comes from
within the heart itself and not from an external signal, such as
a nerve impulse or a hormone. Although the heart is supplied
with motor nerves that can change heart rate, the extrinsiq Fig 3.2 Intracardiac valves and the direction of blood flow
nerves do not initiate the heartbeat. through the heart

If the heart’s extrinsic nerves were cut, the heart would continue to beat rhythmically, but nervous control of the rate
would be lost. Thus, the heart possesses the unique ability to initiate its own beat without any stimulation from the rest
of the body. This property of cardiac muscle is called inherent rhythmicity or automaticity.

" Mitral Valve

Left Ventricle

Right Ventricle

During one heartbeat, the atrial muscles contract, and then the ventricular muscles contract while the atrial muscles
relax. Then, the ventricular muscles relax as the heart prepares itself for the next beat. This coordinated sequence of
events, and the presence of four one-way valves (Fig. 3.2) in the heart, ensures an orderly flow of blood into and out
of the heart.
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The control and coordination of cardiac muscles during the heartbeat depend on a specialized system of conductive
tissue within the heart. Before contraction of the atria and ventricles can occur, an electric current must first pass to
and through the myocardial fibers. A specialized conduction system of the heart is responsible for generating these
electric currents and conveying them in an orderly sequence to all parts of the heart. The conduction system, called
the pacemaker system, consists of the following areas of specialized conducting tissue (Fig. 3.1): the sinoatrial
(SA) node, internodal and interatrial pathways, the atrioventricular (AV) node, the AV bundle, right and left
bundle branches, and the Purkinje fiber network.

The SA node is located in the wall of the right atrium. The SA node is commonly called the pacemaker because the
electric signal that initiates each heartbeat originates from this node

The SA-node signal is transmitted through both atria along the internodal and interatrial pathways, stimulating atrial
muscle to contract. The impulse also spreads to the AV node, located near the junction between the right atrium and
right ventricle. After a short delay, which allows the atria time to finish contraction before excitation of the ventricles,
the AV node relays the electric impulse toward the ventricles.

After passing through the AV node, the impulse is carried to the ventricles through the AV bundle and its two main
branches. The right bundle branch carries the impulse to the right ventricle; the left bundle branch carries the impulse
to the left ventricle. Each bundle branch further subdivides into numerous small conducting fibers called Purkinje
fibers, which relay the electric impulse directly to ventricular muscle, stimulating the ventricles to contract.
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In summary, the contraction of cardiac muscle is associated with an electric impulse initiated at the SA node, which
sweeps over the conduction path of the heart, preceding contraction of cardiac muscle. In each normal heartbeat, the
electrical events follow a sequence: 1) generation of an electrical signal (impulse) by the SA node; 2) transmission of
the impulse to atrial muscle initiating contraction; 3) stimulation of the AV node and generation of an electrical signal;
4) transmission of the impulse by the AV bundle, bundle branches, and Purkinje fibers to ventricular muscle, initiating
contraction.

The electric current associated with the cardiac cycle may be detected at the surface of the body, amplified, and
recorded as a time record of the electrical events occurring during each cardiac cycle. Thus, heart rate can be
accurately determined, and abnormalities of rhythm and conduction can be identified. The electrical and mechanical
device that records the electrical activity of each cardiac cycle is called an electrocardiograph, and the record made
by the electrocardiograph is called an electrocardiogram (ECG). The study of electrocardiograph applications and
the interpretation of ECGs is called electrocardiography.

The electric current spreading through the heart during the cardiac cycle can be detected by placing a positive
electrode and a negative electrode on selected areas of the skin surface and recording the electric current changes
occurring between the electrodes as the heart beats. The particular arrangement of two surface electrodes, one
positive and the other negative, with respect to a third surface electrode, the ground electrode, is called a lead. There
are 15 leads that can be recorded. One of the most commonly recorded leads by family physicians is a bipolar limb
lead, called Lead Il (Fig. 3.3). The negative electrode is placed on the right arm (at the wrist), the positive electrode is
placed on the left leg (at the ankle), and the ground electrode is placed on the right ankle.

The electrocardiograph records electrical activity of the heart on a grid containing 1 mm squares. The horizontal lines
represent amplitude in fractions of millivolts (mV), and the vertical lines represent time in fractions of seconds. The
standard recording speed is 25 mm/second, and the sensitivity of the recorder is adjusted so that a 1 mV input results
in a recorded wave amplitude of 10 mm. Thus, 1 mm of amplitude (vertical) is 0.1 mV, and 1 mm of time (horizontal)
is 1/25 seconds, or 0.04 seconds.
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Fig. 3.3 is a normal ECG as recorded from Lead I, associated with a single cardiac cycle. The heart’s electrical
events are usually recorded on the ECG as a pattern of a baseline broken by a P wave, a QRS complex,anda T
wave:

= The baseline (isoelectric line) is a straight line on the ECG. It is the point of departure for the electrical
activity of depolarizations and repolarizations of the cardiac cycle.

= The P wave results from atrial depolarization.

= The QRS complex is a result of ventricular depolarization and indicates the start of ventricular
contraction. The electrical signal for atrial repolarization is masked by the larger QRS complex.

= The T wave results from ventricular repolarization and signals the beginning of ventricular relaxation.
R

Note In this figure, intervals and segments are
measured at the isoelectric line. Therefore, the PR
interval is measured from the beginning of the P

P-R . wave (at the isoelectric line) to the beginning of the
interval ST T4 N R wave (at the isoelectric line). However, in clinical
cém practice it is common to measure the PR interval
P from the beginning of the P wave to the R- wave

spike because the time difference is trivial and the
spike is more easily seen.
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Fig. 3.3—Components of the ECG




