
 

Boston Scientific 
The Rhythm of the Heart 

Introduction 

Nothing is more central to our concept of 
survival than our dependence on the heart. 
Nothing signals our distress faster than a 
quickened heartbeat. The heart pumps blood 
through the cardiovascular system around 
the body, delivering oxygen and nutrients. 
The rate at which blood needs to be 
delivered depends on the energy being used 
by the body; it must work precisely or serious 
injury or death can occur. In this lesson we 
look at the mechanism of the heart and the 
importance of its electrical 
system. We discuss some 
problems that can arise and 
how two modern medical 
devices — pacemakers and 
defibrillators — can come to 
the rescue.  

The Cardiac Cycle 

The cardiac cycle is the 
sequence of events that occurs 
when the heart beats. There 
are two phases of the cardiac 
cycle. In the diastole phase, 
the heart ventricles are relaxed 
and the heart fills with blood. In 
the systole phase, the 
ventricles contract and pump 
blood to the arteries. 

What Can Go Wrong? 
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How Does the Heart Know When to Beat? 

Each heartbeat starts with an electrical signal. 
The signals are sent and received by special 
electrical cells within the heart called nodes.  

As the signals move through the heart, they tell 
the chambers that pump blood (called atria and 
ventricles) when to contract and squeeze blood 
out of the heart. When you’re active, the signal 
rate from the nodes increases causing the heart 
to pump blood at a higher rate. When resting, the 
signals return to a normal frequency. The SA 
(sinoatrial) node (positioned in the right atrium), is 
the heart’s natural pacemaker. It starts each 
heartbeat by sending an electrical signal that tells 
the atria to contract. The AV (atrioventricular) 
node (positioned on the wall between the right 
atrium and the right ventricle) receives the signal 
and directs it to the ventricles.  

Contraction of myocytes (heart muscle cells) 
requires depolarisation and repolarisation of their 
cell membranes. Movement of ions across cell 
membranes causes this. A wave of excitation 
spreads out from the SA node through the atria 
along specialised conduction channels. This 
activates the AV node. The AV node delays 
impulses by approximately 0.12 s. This delay in 
the cardiac pulse is extremely important; it 
ensures that the atria have ejected their blood into 
the ventricles before the ventricles contract. The 
blood is pumped into the body’s circulatory 
system from the left side of the heart and returns 
through the right side. The left ventricle has to 
pump blood around the body and it has a thicker 

and more muscular wall than 
the right ventricle which 
pumps blood only to the lungs. 

A slow heartbeat is te
bradycardia (from the Greek 
bradys, meaning ‘slow’ and 
kardia, meaning ‘heart’). A fast 
heartbeat is known as 
tachycardia. (from the Greek 
tachys, ‘quick’). Bradycardia 
can result from problems with 
either the SA or AV node. If 
either node fails to send a 
signal, the heart may go into 
an ‘escape rhythm’. It 
continues to beat, but at a 
slower and less reliable pace. 

Bradycardia may cause cardiac arrest in some 
patients, because the decreased blood flow may 
not carry sufficient oxygen to the heart. 
Bradycardia sometimes results in fainting, 
shortness of breath, and if severe enough, death. 

The SA node can suffe
can send the signals out too slowly, and cause 
sinus bradycardia. If the SA node fails to send out 
any signal then the atria don’t contract. This is 
called sinus pause.  

The SA may also se
rate; this causes the heart to beat alternately too 
fast and too slow. This is known as the tachy-
brady syndrome. If the AV node fails to send 
signals on to the ventricles a condition called 
heart block occurs.  

Signals starting in t
right atrium cause a more serious problem known 
as ventricular tachycardia (VT). The heart beats 
with an abnormal unsteady rhythm. The ventricles 
beat so fast they don’t have time to fill with blood. 

 



 

The heart cannot pump the amount of blood the 
body needs. This often leads to ventricular 
fibrillation (VF) in which the heart muscle quivers 
rather than pumps — a condition that is almost 
always fatal if not immediately treated. Both VT 
and VF can result in cardiac arrest if not treated; a 
person’s chances of survival drop by roughly 10% 
every minute treatment is delayed. 

What Can Be Done? 
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Slow or irregular heart 
pacemaker. This is a medical device that 
generates electrical impulses which regulate the 
beating of the heart.  

Modern pacemakers a
the cardiologist to customise the timing for 
individual patients. Pacemakers have a rate-
responsive feature which automatically adjusts 
the heart rate, speeding up when the person is 
active. 

The mo
can be treated by a defibrillator which delivers 
what is effectively an electric shock to the heart 
(up to 850 V). It is not surprising that it is 
sometimes said that both devices listen to the 
heart, then the pacemaker talks and the 
defibrillator shouts! 

The electric shock d
the heart muscle, and allows normal sinus rhythm 
to be re-established by the body’s natural 
pacemaker, the SA node. The implantable 
defibrillator produced by Boston Scientific is 
known as an Implantable Cardioverter 
Defribrillator (ICD). It does everything a 
pacemaker does and more. It can:  

• Correct for VT by antitachycar
(ATP) — sending a series of impulses to 
return the rhythm to normal.  
Administer one or more shock
insufficient in order to stop the fast rhythm
This is called cardioversion. 
Correct for VF by sending a s
This is defibrillation.  
Act as a pacemaker if
bradycardia pacing. 
electrocardiograms 

changes in heart rate as a result of ATP and 
defibrillation. 

Implanting the Dev

Both pacemakers and 
implanted in the body. An incision is made in the 
skin below the collarbone and the ‘generator’ is 

inserted in the small pocket between skin and 
chest muscle. The leads that carry the impulses 
to the heart are then guided through veins and 
fixed in position in the heart.  

The devices contain small 
doctor or cardiologist can monitor them remotely 
using wireless communications. 

Boston Scientific 
cientific is the world’s largest 

device company dedicated to less-invasive 
medicine. It has more than 28,000 employees and 
26 manufacturing, distribution and technology 
centres delivering more than 15,000 products in 
over 45 countries. For more than twenty five 
years, Boston Scientific has improved the quality 
of patient care and the productivity of health care 
delivery through the development and advocacy 
of less-invasive medical devices to help clinicians 
improve patient care by reducing risk, trauma, 
cost, procedure time and the need for aftercare.  

With corporate headquarters in Natick
Massachusetts and major operations in North and 
South America, Boston Scientific has established 
three key strategic sites in Ireland — Clonmel, 
Cork and Galway — employing in excess of 3,000 
employees across the broad range of activities in 
which the company is involved.  

Boston Scientific in Clonmel 

The Clonmel operation is re
production of implantable pacemakers and 
defibrillators that offer life saving therapy for 
patients suffering from cardiac arrhythmias and 
heart failure. It currently employs more than 600 
people, many of whom specialise in a range of 
engineering disciplines e.g. Electrical, 
Mechanical, Biomedical, Quality, R&D and 
Industrial along with other functional areas such 
as Supply Chain, Human Resources, Finance, 
Process Development, IT and Manufacturing.  

Boston Scientific Clonmel actively promotes a
participates in the local community through 
initiatives such as their Schools Programme 
where BSC facilitates local students on work 
experience and sponsors a Student of the Year 
Award in local schools, culminating in an 
opportunity for summer work. BSC is actively 
involved in Junior Achievement activities, with 
over 16 employees delivering programmes in the 
region.  
You can fi

Find out more about the work of Boston Scientifi
www.bostonscientific.com. 

 

 

http://www.bostonscientific.com/
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Teaching Notes 

Syllabus References 

The relevant syllabus references are: 

Leaving Certificate Biology 

3.2.4 Heartbeat Control 

• An awareness of specialised heart muscle 
tissue and the existence and location of 
pacemaker nodes (SA and AV). 

• The heart cycle, systole and diastole 
periods. 

3.2.2 Organisational Complexity of the Human 

• The circulatory system: description of the 
structures and organisation of tissues in the 
closed circulatory system in humans, strong 
muscular heart and vessels (arteries, veins, 
capillaries, venules, arterioles). 

• Role of muscle tissues and valves. 
• Two-circuit circulatory system. 
• Drawing of the structure of the heart, the 

main pathways of blood circulation, 
including the hepatic portal system. 

• Cardiac supply through the cardiac artery 
and vein. 

• Simple understanding of: 
- heartbeat and its control 
- pulse 
- blood pressure. 

 

Learning Outcomes  

On completion of this lesson, students should be 
able to describe:  

• The purpose of the circulation systems. 
• What are atria and ventricles. 
• How the blood circulation is regulated. 
• Normal and abnormal pulse rates. 
• What problems arise from faulty heart rate. 
• The symptoms of faulty heart rate. 
• The function of pacemakers and 

defibrillators. 
 

 

 

General Learning Points 

The following points can be used to review the 
lesson content and to inform discussion. 

• The heart is a pump with two halves (each 
with two cavities, the atrium and the 
ventricle); the right half takes deoxygenated 
blood and pumps it through the lungs where 
it is oxygenated; the left half pumps 
oxygenated blood around the body. 

• The right atrium contains the SA node 
which is the body’s natural pacemaker; it 
matches the heart rate to the activity 
demands of the body. 

• An artificial pacemaker sends electrical 
signals to the heart that keep  it beating at 
the right pace. A defibrillator either sends 
electrical impulses to override a fast rhythm 
of the heart or interrupts the rhythm with a 
brief shock after which the heart usually 
returns to normal. 

• The devices must be designed to be 
compatible with the human body and 
manufactured in a housing that can persist 
in the body (e.g. titanium) and also in a way 
that is protected from interference from 
other devices such as mobile phone or 
microwave oven!  

 

 



 

Boston Scientific 
The rhythm of the heart 

Student Exercises  
 

Student Activities 

To investigate the effect of exercise on heart rate 

(This is best carried out in small groups.) 

The idea is simple; volunteers do a simple 
physical exercise (stepping up and down). The 
following variables need to be taken into account: 

• The height of the step (e.g. 25 cm) 
• The stepping rates to be used (e.g. 90, 95, 

100, 105 steps per minute) 
• Should each student do the stepping or just 

one person? 
• If different students are stepping are the 

results meaningful? 
• If one student is stepping how much time 

should be given to rest between the 
different trials?  

You will need a suitable step, a stopwatch, a 
‘beat’ generator (e.g. a metronome, electronic 
keyboard etc), and a willing ‘guinea-pig’. 

Measure the heart rate before each exercise and 
immediately after it. Record the stepping rate and 
the heart rate. Allow time for the heart rate to 
return to a suitable value. (Decide what is a 
‘suitable value’.) 

The data can be recorded graphically and 
numerically. 

What can you conclude from your results? 

Extension:  

If you have access to a spreadsheet you could 
plot a graph of the data. It is instructive to find a 
formula that relates stepping rate to heart rate: 
e.g. using Excel select the data columns, Insert 
Chart, X-Y scatter, Finish; then go to Chart, Add 
trendline, Polynomial, Options, Display equation. 

True/False Questions 

a) A pacemaker is a medical device. 
b) Blood is pumped to the arteries during the 

diastole phase.  
c) The atrioventricular node (AV) is the heart’s 

natural pacemaker.  

d) There is a sinoatrial node (SA) in each 
atrium. 

e) The blood is pumped into the circulatory 
system from the left side of the heart. 

f) An ICD is both a defibrillator and a 
pacemaker. 

g) With ventricular fibrillation (VF) the 
ventricles beat so fast they don’t have time 
to fill with blood. 

h) Palpitations are a symptom of tachycardia.  
i) A pacemaker gives a moderate electric 

shock to the heart. 
j) Arrhythmia is the term used for a normal 

heartbeat.  
Check your answers to these questions on www.sta.ie  

Examination Questions 

Leaving Certificate Biology 2009 (HL) Q 13 

a)  
The human circulatory system has two circuits. 
(i) Give the name of each of these circuits. 
(ii) Which of these circuits involves the 

pumping of blood by the left ventricle?  
 
b)  
(i) Write a short note on each of the following: 

1. Pulse. 
2. Blood pressure. 

(ii) Comment on the effect of each of the 
following on the circulatory system: 
1. Diet. 
2. Exercise. 

(iii) Give two ways, other than colour, in which 
a red blood cell differs in structure or 
composition from a typical body cell such 
as one in the cheek lining. 

(iv) What is the role of the SA (sinoatrial) and 
AV (atrioventricular) nodes in the heart? 

(v) Give the precise locations of both the SA 
and the AV nodes in the heart. 

 

 

 



 

Did You Know? 

Beta Blockers 

Since they promote a lower heart rate and reduce 
tremor, beta blockers have been used by some 
Olympic marksmen to enhance performance, 
though beta blockers are banned by the 
International Olympic Committee (IOC). Although 
they have no recognisable benefit to most sports, 
it is acknowledged that they are beneficial to 
sports such as archery and shooting.  

How Often Does The Heart Beat? 

The heart rate may be greater or lesser than the 
pulse rate depending upon physiologic demand. A 
normal pulse rate for a healthy adult, while 
resting, can range from 60 to 100 beats per 
minute (bpm) although well-conditioned athletes 
may have much lower pulse rate, in the range of 
30-45 bpm. Bradycardia occurs when the pulse 
rate is below 60 but is only usually symptomatic 
when below 50 bpm, whereas tachycardia occurs 
when the rate is above 100 bpm. During sleep, 
the pulse can drop to as low as 40 bpm; during 
strenuous exercise, it can rise as high as 150–
200 bpm.  

Auscultation 

The heart rate may be greater or lesser than the 
pulse rate depending upon physiologic demand. If 
so, the heart rate is determined by auscultation or 
audible sounds at the heart apex. The pulse 
deficit is the difference between heart beats and 
pulsations at the periphery. 

Animal Heartrates  

In general, the larger the animal is, the slower is 
its resting heart rate. Great whales (the largest 
animals) have resting heart rates around 7 bpm, 
according to Gordon Ramel, who also notes that 
some smaller animals have even lower heart 
rates while hibernating (for example, the 
European hedgehog, which slows from 200-280 
bpm while active to around 5 bpm while 
hibernating). 
http://www.earthlife.net/mammals/blood.html  

DCU 

DCU School of Mechanical and Manufacturing 
Engineering confers qualifications in Biomedical 
Engineering and carries out research on medical 
devices.  

Biographical Notes 

Willem Einthoven (1860 –1927) was a Dutch 
doctor and physiologist. He invented the first 
practical electrocardiogram (ECG) in 1903 and 
received the Nobel Prize in Medicine in 1924. 

Before his time, it was known that the beating of 
the heart produced electrical currents, but the 
instruments of the time could not accurately 
measure them. Beginning in 1901, Einthoven 
completed a series of prototypes of a string 
galvanometer. This device used a very thin 
filament of conductive wire passing between very 
strong electromagnets. When a current passed 
through the filament, the electromagnetic field 
would cause the string to move. A light shining on 
the string would cast a shadow on a moving roll of 
photographic paper, thus forming a continuous 
curve showing the movement of the string. The 
original machine required water cooling for the 
powerful electromagnets; it required five people to 
operate it and it weighed 275 kg. 

Revise the Terms 

Can you recall the meaning of the following terms? 
Reviewing terminology is a powerful aid to recall and 
retention. 

arrhythmia, atrioventricular node, atrium, 
biomedical engineering , bradycardia, cardiac 
arrest, cardiac cycle, cardiovascular system, 
catheter, depolarisation, diastole , 
electrocardiogram, electrophysiology, excitation, 
pacemaker, palpitation, repolarisation, sinoatrial 
node, sinus bradycardia, sinus pause, sinus 
rhythm, systole, tachy-brady syndrome, 
tachycardia, ventricle , ventricular tachycardia 
Check the Glossary of Terms for this lesson on 
www.sta.ie 

 

http://www.sta.ie/

