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 SECTION 1 

 

INTRODUCTION 

 

Welcome to the Cardiac Rhythm Analysis Self-Directed 

Learning Package information booklet. This booklet is 

designed to provide theoretical and practical 

information to enable the Registered Nurse (RN), 

Enrolled Nurse (EN) and Registered Midwife (RM) to 

identify cardiac rhythms and thereby assist in the 

management of cardiac monitored patients in a safe and 

effective manner. 

This package will be useful for the novice as well as the 

experienced nurse, and those who seek revision on the 

subject. Nurses caring for a patient on a cardiac monitor 

(including telemetry) should have the knowledge, 

understanding and ability to interpret cardiac rhythms 

and to identify and act upon abnormal rhythms.  

In order to successfully complete this learning package: 

 Complete the learning package theory 

component – Information Booklet 

 Read ‘Goulburn Valley Health Clinical 

Practice Guidelines: Cardiac Telemetry 

Monitoring’. 

 Complete the online assessment 

 

Aim 

The aim of the information booklet is to provide 

theoretical and practical information to identify cardiac 

rhythms and thereby assist in the management of 

cardiac monitored patients in a safe and effective 

manner. 

 

 

For those wishing to complete only basic cardiac 

rhythm analysis (including care of the patient with 

telemetry monitoring), please complete sections 1-10.  

 

Expected Learning Outcomes 

On completion of the information booklet the nurse will 

be able to: 

1. Demonstrate an understanding of cardiac 

anatomy and physiology, and the normal 

conduction pathway in the heart. 

2. Gain knowledge and understanding of 

electrophysiology. 

3. Achieve the necessary skills needed to care for 

a cardiac monitored patient. 

4. Demonstrate the ability to correctly apply and 

obtain a 12 lead ECG. 

5. Distinguish between normal and abnormal 

cardiac rhythms. 

6. Analyse and explain a cardiac rhythm strip. 

7. Detect and act on any life threatening or 

abnormal cardiac arrhythmia. 

8. Explain the conditions under which some of 

the rhythms may be observed. 

9. Integrate cardiac rhythm analysis knowledge 

and skills to provide safe and effective nursing 

care of the patient undergoing cardiac 

monitoring. 
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SECTION 2 

 

 

ANATOMY AND PHYSIOLOGY OF THE HEART 

The Heart 

The heart is a four chamber muscular organ whose 

purpose is to transport oxygen and other nutrients to the 

body cells, remove metabolic waste products and 

convey substances (e.g. hormones) from one part of the 

body to another. The heart has a specialised conducting 

system and dedicated blood supply, and is designed to 

pump rhythmically and regularly.  

 

Blood Flow 

At rest, the heart beats at about 70 - 80 beats per minute 

(bpm) and pumps approximately 5 litres of blood. 

During exercise, the rate may approach 200 beats per 

minute and the cardiac output may increase to as much 

as 20 litres. 

 

The heart is divided anatomically into right and left 

sides. Blood returning from the venous circulation 

(deoxygenated) enters the right atrium and is pumped 

through the tricuspid valve to the right ventricle 

(diastole). Simultaneously, blood returning from the 

lungs (oxygenated) enters the left atrium and is pumped 

through the mitral valve into the left ventricle (diastole). 

Contraction of the left ventricle causes ejection of blood 

through the aortic valve into the aorta (systole), and to 

the systemic circulation (organs, tissues and cells of 

your body). Simultaneously, contraction of the right 

ventricle ejects blood into the pulmonary artery through 

the pulmonary valve (systole), and to the lungs for 

oxygenation.  

 

(Dr. Mani, 2018) 

Conducting System 

The heart comprises two (2) major types of cells: 

1. Myocardial Cells: Specialised for contraction, 

the myocardial cells provide the mechanical 

pumping action of the heart. All myocardial 

cells have the ability to initiate, respond to and 

transmit impulses.    

2. Autonomic Cells: Specialised for impulse 

formation. Automaticity describes the ability of 

specialised cardiac tissue to initiate electrical 

impulses. The cells responsible are known as 

pacemaker or automatic cells.  
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All myocardial cells have the potential for: 

 Automaticity: Initiate an impulse 

 Excitability: Respond to an impulse 

 Conductivity: Transmission of an impulse 

 

The specialised pathway of cells and fibres known as 

the conducting system, facilitate the spread of impulses 

from the atria to the ventricles and enable rhythmic and 

optimal contraction of the myocardium and optimal 

cardiac output.  

 

Sinoatrial (SA) Node  

A small collection of specialised cells located in the 

upper right atrium capable of automatically generating 

an electrical stimulus.  

 Known as the dominant pacemaker of the 

heart. 

 Intrinsic rate 60-100 bpm. 

 Impulse travels from the SA node to the 

Atrioventricular (AV) node in 0.08 – 0.10 

seconds. 

 

Atrioventricular (AV) Node  

The AV node is responsible for channelling the 

electrical impulse from the atria to the ventricles. It is 

positioned between the atria and the ventricles (AV 

junction) on the right side of the heart.  

 Impulses are delayed at the AV node for 0.06 – 

0.12 seconds. This allows for the atria to empty 

and the ventricles to fill before the ventricles 

are stimulated to contract. This delay allowing 

atrial emptying and ventricular filling 

contributes to 25% - 30% of cardiac output, 

and is referred to as ‘atrial kick’. 

 Intrinsic rate 40-60 bpm. 

Ventricular Myocardial Cells 

 Intrinsic rate 20-40 bpm 

 

Bundle of His 

Located in the distal part of the AV junction and 

connects the AV node with the two (2) bundle braches 

(Left Bundle Branch and Right Bundle Branch). Once 

the impulse enters the Bundle of His it travels more 

rapidly to reach the left and right branches.  

 

Left and Right Bundle Branches 

Supply the large muscle mass of the left and right 

ventricles, they then infiltrate the muscle layers to 

become Purkinje Fibres. 

 

Purkinje Fibres 

An intrinsic web of fibres which spread widely 

throughout the ventricles and carry impulses from the 

endocardium to the myocardial muscle layer.  

 

 

(Wikimedia Commons, 2017) 
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Coronary Circulation 

The coronary artery system is designed to maintain 

adequate blood flow and supply to the myocardium. 

Two main coronary arteries (left and right) arise from 

the aorta and divide into small branches to supply all 

areas of the heart and its structures. 

 

Left Coronary Artery 

Left main divided into: 

 Left Anterior Descending (LAD) Coronary 

Artery 

 Circumflex 

These supply the left atrium and apical sections of the 

left ventricle, as well as portions of the intraventricular 

septum and parts of the mitral valve and conducting 

pathways. 

 

Right Coronary Artery 

The right coronary artery branches to supply the right 

atrium and right ventricle, as well as the SA node and 

AV node. It also supplies the inferior and posterior wall 

of the left ventricle.  

 

 

(Dr. Mani, 2018) 

Nervous Innervations of the Heart 

The autonomic nervous system controls the heart via: 

 Sympathetic (fight/flight) 

 Parasympathetic (vagal stimulation) 

 

These two systems work closely to cause changes in 

cardiac output by regulating heart rate, stroke volume 

and blood pressure.  

 

Impulses from the cardio accelerator centre in the 

medulla oblongata reach the conduction system of the 

heart by way of the sympathetic nerves. Sympathetic 

stimulation of the heart results in increased sinus node 

firing, increased AV node conduction and increase in 

strength of conduction, in an effort to increase cardiac 

output.  

 

Impulses from the cardio inhibitor centre innervate the 

SA node, atria and AV junction (and to a small extent 

the ventricles) via the vagus nerve. Stimulation of the 

carotid sinus also produces a parasympathetic response. 

This decreases SA node firing and AV node conduction, 

resulting in bradycardia and reduction in cardiac output.  
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SECTION 3 

 

 

PRINCIPLES OF ELECTROCARDIOLOGY 

 

Introduction to Electrocardiology 

The ectrocardiogram (ECG) is a graphic recording of 

the electrical activity of the heart, recording electrical 

currents (voltage and potentials) through electrodes 

placed on the skin. 

 

An electrical impulse stimulates the movement of 

sodium (Na2+), magnesium (Mg2+), potassium (K+) 

and calcium (Ca2+) across the cell membrane causing 

what is known as depolarisation. This change in the 

electrical potential spreads rapidly throughout the 

myocardium via the specialised conducting system. The 

associated mechanical event is contraction, and leads to 

blood being ejected from each chamber creating cardiac 

output.  

 

Following the depolarisation and contraction of the 

myocardial tissue the cells return to a resting phase 

known as repolarisation. During this phase the sodium 

and potassium levels return to normal levels with more 

sodium outside the cell and potassium inside the cell. 

The mechanical event is relaxation of the myocardial 

muscle. It is at this point that the cells are ready to 

respond to another electrical stimulus and start the cycle 

over. 

 

 

 

 

The waves, intervals and complexes of the ECG are the 

net result of the spread of an electrical impulse through 

the atrial and ventricular myocardium via the 

specialised conduction system.  

 

The shape of the deflections depends on whether the 

current is flowing towards or away from the positive 

electrode.  

 

Current flow: 

 Toward the positive electrode will record a 

positive (upright) deflection from the 

isoelectric line. 

 Away from the positive electrode will record a 

negative (downward) deflection below the 

isoelectric line. 

 At right angles (perpendicular) will record a 

biphasic (half above and half below) 

deflection.  
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If there is no current flow across the cell membrane then 

there will be no deviation from the isoelectric line of the 

electrocardiograph.  

 

(Phat, 2016) 

 

The shape, amplitude and length of these deflections 

(waves), intervals and complexes viewed from various 

leads reflect the origin of the impulse and its conduction 

through the heart.  

 

The ECG records a three (3) dimensional view of the 

current flow through the heart. There are 12 

conventional views recorded on the ECG: 

 Bipolar Limb Leads: Leads I, II and III 

 Unipolar Limb Leads: Leads AVR, AVL and 

AVF 

 Unipolar Chest Leads: V1 – V6 

 

 

 

 

(Life in the Fast Lane, 2019) 

 

Action Potential 

All myocardial cells have an electrical charge that is 

created by the difference in electrolyte concentration 

between the intracellular and extracellular 

compartments. In their resting state, the interior of 

myocardial cells is more negative than the external 

environment. This gives the cell an overall negative 

charge, or resting membrane potential of −90mV. An 

action potential begins when the permeability of the cell 

membrane is altered making it more permeable to Na2+. 

This brings the cell to threshold, or ready to depolarise. 
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The cardiac action potential consists of 5 phases: 

Phase 0 

Rapid depolarisation begins when Na2+ channels open 

allowing a rapid influx of Na2+ into the cells driven by 

a concentration gradient. Ca2+ channels also open and 

Ca2+ enters the cell providing the stimulus for 

myocardial contraction. This creates a more positive 

intracellular environment. 

 

Phase 1:  

Early repolarisation begins when the Na2+ channels 

close, stopping the flow of Na2+ into the cell. At this 

stage K+ (and Cl-) begins to move out of the cell 

resulting in a small downward deflection. Phase 0 and 1 

corresponds to the QRS complex of the ECG. 

 

Phase 2:  

A plateau phase where the membrane potential is 

maintained around 0mV by a balanced inward 

movement of Ca2+ (through calcium channels) and 

slow outward movement of K+ (through potassium 

channels). Phase 2 corresponds to the ST segment of the 

ECG. 

 

Phase 3: 

The repolarisation phase. Ca2+ channels close, and the 

Na2+/K+ pump is activated. Driven by adenosine 

triphosphate (ATP), this pump re-establishes the normal 

resting electrolyte states by pumping Na2+ 

extracellularly and K+ intracellularly, thus restoring the 

normal resting membrane potential of −90mV. Phase 3 

of the actions potential in the ventricles corresponds to 

the T wave on the ECG. 

 

 

Phase 4:  

This is the resting phase when the cell is not being 

stimulated. This is the period that the cell remains in 

until it is stimulated by an external stimulus (typically 

an adjacent cell). This phase is associated with diastole 

of the heart chambers. 

 

 

(Porteous, 2010) 
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SECTION 4 

 

 

ECG WAVEFORM 

 

The heart’s electrical activity is represented on the ECG 

tracing by three basic waveforms: the P-wave, the QRS 

complex, and the T-wave. Between the waveforms are 

the following segments and intervals:  

 PR interval 

 ST segment 

 QT interval  

A U-wave is sometimes present. While the letters 

themselves have no special significance, each 

component represents a particular event in the 

depolarization - repolarisation cycle. 

 

 

 

P Wave 

The P wave depicts atrial depolarisation, or the spread 

of the impulse from the SA node throughout the atria. A 

normally functioning SA node (known as the dominant 

pacemaker) can generate impulses at a rate of 60-100 

bpm. Atrial depolarisation causes atrial (both left and 

right) contraction (atrial systole). 

 

(Porteous, 2010) 

 

Normal P wave characteristics: 

 Precedes the QRS complex (1:1 ratio) 

 Is 2-3mm high (2-3 small squares high on the 

ECG paper) 

 Duration: 0.06-0.12 seconds (1.5–3 small 

squares wide) 

 Is usually round and upright  

 Has a positive deflection or upright in all leads 

except lead aVR where P wave is always 

negative or inverted 
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PR Interval/Segment 

The PR interval represents the time required for the 

impulse to travel through the atria, AV node and to 

allow adequate filling of the ventricles before 

ventricular systole, usually between 0.12 - 0.20 seconds. 

 

(Porteous, 2010) 

 

Normal PR interval characteristics: 

 The PR interval is measured from the start of 

the P wave to the start of the R wave 

 0.12 - 0.2 seconds is normal (3-5 small 

squares) 

 Shorter PR interval (< 3 small squares) may 

indicate that the impulse originated from 

somewhere other than the SA node. This is 

associated with Junctional Arrhythmias 

 Longer PR interval (> 5 small squares) may 

represent a conduction delay through the atria 

due to Digoxin Toxicity; Heart Block (1st 

degree) or Hypokalaemia 

 Variable PR interval may indicate a number of 

possible AV conduction problems 

 

 

 

QRS Complex 

The QRS complex depicts ventricular depolarisation, or 

the spread of the impulse throughout the ventricles. 

Ventricular depolarisation causes ventricular contraction 

(ventricular systole). 

 

 

(Porteous, 2010) 

 

Normal QRS wave characteristics: 

 It is upright when the current is moving 

towards the lead 

 The Q wave is the negative (downward, below 

the isoelectric line) deflection before an R 

wave 

 The Q wave represents the depolarisation of 

the intraventricular septum 

 The R is the first positive (upward, above the 

isoelectric line) deflection 

 The S wave is the negative deflection after an 

R wave 

 The QRS complexes should be narrow, 

between 0.08 – 0.12 seconds (2-3 small 

squares) 

 It indicates normal progression of conduction 

from the AV junction to the Purkinje Fibres  

 It follows the PR interval 

 A QRS complex is positive in leads I, II, III, 

aVL, aVF and negative in aVR 
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ST Segment 

The ST segment represents the end of ventricular 

depolarization and the beginning of ventricular 

repolarization. 

 

Normal ST segment characteristics: 

 It extends from the S wave to the beginning of 

the T wave 

 It should be on the isoelectric line (neither 

above nor below) 

 

T Wave 

The T wave represents ventricular recovery or 

repolarisation. It consists of 2 phases, the absolute and 

the relative refractory periods. 

 

(Porteous, 2010) 

 

Normal T wave characteristics: 

 Follows the S wave 

 Typically round and smooth 

 Usually upright in leads I, II and V3 to V6; 

inverted in lead aVR 

 The height of the T wave should be no more 

than half the size of the preceding QRS 

complex 

QT Interval 

This is the time of ventricular depolarisation and 

ventricular repolarisation, and is measured from the 

beginning of the QRS complex to the end of the T wave. 

 

Normal QT interval characteristics: 

 Normal duration is dependent on heart rate: the 

normal range is no more than half the 

preceding R-R interval with heart rates < 

100bpm. 

 Normal range: 0.35-0.45 seconds 
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SECTION 5 

 

 

DETERMINING HEART RATE 

 

Depolarisation of the ventricles produces the QRS 

complex on the ECG and so it is the QRS complexes 

that are measured to determine the heart rate. 

Measurement of the heart rate can be performed in 

several ways but it is very important to ensure that the 

ECG rhythm strip has been recorded at standard paper 

speed of 25 mm/s. 

 

 

(Porteous, 2010) 

 

Method 1 

It is important to remember that a one minute ECG 

tracing covers 300 large squares on the ECG paper. If 

the patient’s rhythm is regular, count the number of 

large squares between two QRS complexes and divide it 

into 300. 

 

For example: There are 4 large squares between each 

QRS in the above ECG rhythm strip.  

Therefore: Heart Rate = 300 ÷ 4 = 75bpm 

 

Method 2 

Method 1 cannot be used if the rhythm is irregular 

because the number of large squares between the QRS 

complexes varies from beat to beat. Instead, count the 

number of QRS complexes in 30 large squares. This 

represents the number of QRS complexes in 6 seconds 

on the ECG paper. And to work out the heart rate per 

minute, simply multiply (the number of QRS 

complexes) by ten. 

 

 

 

For example: There are seven QRS complexes in 

between the 30 large squares.  

Therefore: Heart Rate = 7 x 10 = 70bpm 
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SECTION 6 

 

 

RHYTHM ANALYSIS 

 

Sinus Rhythm 

Sinus Rhythm (SR) is the normal cardiac rhythm in 

which the SA node depolarises (discharges) at a rate 

of 60 – 100 bpm. 

 

Characteristics: 

 Heart rate is 60 – 100 bpm 

 Atrial and ventricular rhythms are regular 

 P waves are rounded, smooth and upright in 

lead II but inverted in aVR 

 PR interval should be between 0.12 – 0.20 

seconds (3 – 5 small squares) 

 QRS complex follows every P wave 

 QRS complex is of normal duration (less 

than 0.12 seconds / 2 – 3 small squares) 

 T waves are normal, upright and rounded 

 No ectopic or aberrant beats are present 

 

 

 

Sinus Bradycardia 

Sinus Bradycardia (SB) is a normal cardiac rhythm in 

which the Sino Atrial (SA) Node depolarises 

(discharges) at a rate of less than 60 bpm. 

Characteristics: 

 Normal sinus rhythm BUT with a heart rate 

of < 60bpm 

 Atrial and ventricular rhythms are regular 

 P waves are rounded, smooth and upright in 

lead II 

 PR interval should be between 0.12 – 0.20 

seconds (3 – 5 small squares) 

 QRS complex follows every P wave 

 QRS complex is of normal duration (less 

than 0.12 seconds or 2 – 3 small squares) 

 T waves are normal, upright and rounded 

 No premature or abnormal beats are present 

 

 

 

Possible Causes of Sinus Bradycardia: 

 Ischaemic Heart Disease and Myocardial 

Infarction  

 Sino Atrial Node Disease, Cardiomyopathy 

and Heart Block  

 Non cardiac disorders such as 

Hyperkalaemia, increased intracranial 

pressure, Hypothyroidism, Hypothermia, 
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Glaucoma, Uraemia & Obstructive Jaundice 

(bile salts act directly on the SA node)  

 Conditions producing excess vagal 

stimulation or decreased sympathetic 

stimulation such as sleep, deep relaxation, 

Valsalva manoeuvre, carotid sinus massage 

and vomiting  

 Drugs such as Beta-blockers, Digoxin, 

Calcium Channel Blockers, Sotalol, 

Amiodarone  

 

Note: Sinus Bradycardia can be normal in athletes 

and during sleep.  

 

Sinus Tachycardia 

Sinus Tachycardia (ST) is a normal cardiac rhythm in 

which the Sino Atrial (SA) Node depolarises 

(discharges) at a rate greater than 100 bpm. 

 

Characteristics: 

 Heart rate is >100 bpm 

 Atrial and ventricular rhythms are regular 

 P waves are rounded, smooth and upright in 

lead II but inverted in aVR 

 PR interval should be between 0.12 – 0.20 

seconds (3 – 5 small squares) 

 QRS complex follows every P wave 

 QRS complex is of normal duration (less 

than 0.12 seconds / 2 – 3 small squares) 

 T waves are normal, upright and rounded 

 No ectopic or aberrant beats are present 

 

 

Possible Causes of Sinus Tachycardia: 

 Anything that stimulates the sympathetic 

nervous system such as fear, anxiety, panic 

attack, pain, fever and exercise 

 Heart Failure, Cardiogenic Shock and 

Pericarditis 

 May occur in shock, anaemia, respiratory 

distress, Pulmonary Embolism, Sepsis, 

Hyperthyroidism, Hypoxia due to high 

altitudes, Congenital Heart Disease and 

Thyrotoxicosis 

 Drugs such as Atropine, Adrenaline, 

Dopamine, Dobutamine as well as alcohol 

and caffeine 

 

Asystole 

Asystole implies there is no spontaneous electrical 

cardiac activity and thus the ECG is nearly a flat line. 

The patient is completely unresponsive with no 

electrical activity and no cardiac output 

 

Possible Causes of Asystole: 

 Pulmonary emboli / air embolism 

 Heart failure 

 Ventricular rupture / AMI 

 Severe acidosis / electric shock 

 Ventricular arrhythmias / AV Block 

 Cocaine overdose / Hypokalaemia 

 Pulseless electrical activity (PEA) 

 Consider 4 H’s and the 4 T’s 

 

Treatment: 

 CPR and ALS algorhythm 
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Pulseless Electrical Activity 

Pulseless Electrical Activity (PEA) occurs when the 

heart continues to work electrically but the heart 

muscle loses its ability to contract. On an ECG, there 

will be evidence of organised electrical activity but 

no palpable pulse or measurement of blood pressure. 

PEA is almost always secondary to another 

underlying condition. 

 

Possible Causes of PEA: 

 Hypovolaemia 

 Tension Pneumothorax 

 Cardiac Tamponade 

 Global Myocardial Ischaemia 

 Severe acidosis 

 Hyperkalaemia 

 Thrombo-embolic mechanical obstruction 

 

Treatment: 

 CPR and ALS algorhythm 

 Treat reversible causes 
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SECTION 7 

 

 

ARRHYTHMIAS 

 

Atrial Tachycardia 

Atrial Tachycardia differs from Sinus Tachycardia in 

that the impulses are generated by a premature (ectopic) 

focus somewhere within the atrial myocardium rather 

than the sinoatrial node. Atrial tachycardia is considered 

a type of Supraventricular Tachycardia (SVT). 

 

Characteristics: 

 Heart rate is regular but can range from 150-

250 bpm 

 P waves are hidden in the T waves 

 PR interval usually not visible 

 QRS complex is of normal duration (less than 

0.12 seconds or 2 – 3 small squares) 

 

 

Possible Causes of Atrial Tachycardia: 

 Excessive use of caffeine or other cardiac 

stimulants such as marijuana 

 Electrolyte Imbalance, Hypoxia 

 Physical or psychological stress 

 

 

 

 Cardiac conditions such as Myocardial 

Infarction, Cardiomyopathy, congenital 

anomalies, Wolff-Parkinson-White Syndrome, 

Valvular Heart Disease 

 Hyperthyroidism, Systemic Hypertension 

 Drugs such as Digoxin 

 

Atrial Tachycardia can occur in patients with normal 

hearts. Any Tachycardia can decrease blood pressure 

(BP), as it reduces time for ventricular filling. 

 

Atrial Fibrillation 

Atrial Fibrillation (AF) is defined as several atrial 

ectopic foci rapidly firing, resulting in a disorganised 

atrial activation. The atria become quivering chambers 

that connect the great vessels with the ventricles. 

Although around 400-600 impulses reach the AV node 

every minute, only 60 -180 of these will reach the 

ventricles. The ventricles respond only to those 

impulses that make it through the AV node. 

Transmission of impulses is erratic, making the 

ventricular rhythm irregular. 
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Characteristics: 

 Rhythm is grossly irregular or irregularly 

irregular  

 Heart rate varies between 60 -180bpm  

 P waves are absent but there may be 

fibrillatory lines  

 PR interval is absent  

 QRS complexes are narrow unless patient also 

has Bundle Branch Block  

 T waves are normal  

 

 

 

 

Possible Causes of Atrial Fibrillation:  

 Hypertension  

 Ischaemic Heart Disease  

 Hyperthyroidism.  

 Sick Sinus Syndrome  

 Alcohol  

 Rheumatic Valvular Heart Disease  

 Cardiomyopathy  

 Atrial Septal defects  

 Pericarditis  

 Myocarditis  

 Pulmonary Embolism  

 Pneumonia  

 Cardiac surgery  

 

Apart from decreased cardiac output (which needs 

immediate treatment), patients with AF have the 

tendency to develop thromboemboli due to pooling of 

blood in the atria, as there is an absence of atrial 

contractions. This increases the risk of mortality (twice) 

and stroke (x17) if blood clots travel to other organs. 

Anticoagulation medications are used to reduce this risk 

if the patient’s condition is indicative.  

 

Treatment:  

The approach depends on the degree of compromise:  

 Controlling the ventricular response with 

medications (e.g. Digoxin, Amiodarone) may 

return the atria to sinus rhythm  

 Prophylactic anticoagulation  

 An elective Cardioversion may be performed if 

medications do not control the AF  

 In depth studies such as Electrophysiological 

studies (EPS) may be done to assist in 

determining the cause of the AF  

 Other invasive cardiac procedures may be 

required to stop the AF such as an Ablation of 

the aberrant pathway or a Pulmonary Vein 

Isolation procedure (PVI)  
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Atrial Flutter 

Atrial flutter may result from an ectopic atrial focus 

(same mechanism as Atrial Tachycardia) or result from 

depolarisation circling the right atrium (re-entry circuit). 

Atrial Flutter can be a type of Supraventricular 

Tachycardia.  

 

Characteristics: 

 Atrial rate usually 250-350 bpm giving rise to a 

“Saw-tooth” pattern  

 The “saw-tooth” appearance is called flutter 

waves or F waves  

 AV node cannot keep up with such a high atrial 

rate and AV Block occurs  

 AV Blocks – 2:1, 3:1 or 4:1 occurs which 

simply means, for every QRS complex, there 

are 2, 3, or 4 P (flutter) waves  

 Most commonly it is 2:1 block therefore the 

ventricular rate is usually around 150 -170  

 Atrial rate is regular and ventricular rate can be 

regular or irregular depending on whether the 

AV Block is variable or not  

 

 

 

 

Possible Causes of Atrial Flutter:  

 Conditions that enlarge atrial tissue and elevate 

atrial pressure  

 Severe Mitral Valve Disease (common)  

 Hyperthyroidism, Pericardial Disease, 

Ischaemic Heart Disease  

 Following cardiac surgery, acute myocardial 

infarction or COPD  

 

Treatment:  

Atrial Flutter is rarely found in a healthy person.  

 Medications such as Digoxin, Calcium 

Channel Blockers  

 Synchronised Cardioversion may be indicated 

 

Junctional Escape Rhythm 

The AV junction consists of the AV node down to the 

Bundle of His. Remember that the AV junction can take 

over as the heart’s pacemaker if the primary heart’s 

pacemaker (SA node) slows down or fails to fire. 

 Junctional beats may be a normal escape 

rhythm (i.e. no impulse getting through from 

the atria so that the AV node fires off at its own 

inherent rate)  

 Retrograde conduction may or may not occur; 

if it does, the P wave will be negative in lead II  

 If retrograde conduction is blocked, the atria 

will be under the control of the SA node or an 

ectopic focus; the result of this is called AV 

dissociation where the atria and ventricles 

operate independently from each other  

 Junctional escape rhythms prevents ventricular 

standstill  

 

Characteristics: 

 Regular rhythm of 40 – 60 bpm  

 P waves may be inverted in leads II, III, aVF  
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 P waves can occur before, after or hidden 

within the QRS complex  

 PR interval is less than 0.12 second (less than 

three small squares)  

 QRS complexes, T waves and QT interval 

should appear normal because impulses 

through the ventricles are conducted normally 

 

 

 

Junctional Escape Rhythm can be caused by any 

condition that disturbs SA node function such as:  

 Sick Sinus Syndrome  

 Vagal Stimulation  

 Digoxin Toxicity  

 Inferior AMI  

 Rheumatic Heart Disease  

 

Originating in the ventricles, below the Bundle of His, 

Ventricular Arrhythmias occur when electrical impulses 

depolarise the myocardium via a different pathway. 

 

Types of Ventricular Arrhythmias: 

 Premature Ventricular Contractions  

 Idioventricular rhythms  

 Ventricular Tachycardia  

 Ventricular Flutter  

 Ventricular Fibrillation  

 

 

Characteristics: 

 Normal P wave usually absent (therefore loss 

of atrial kick)  

 Widened QRS complex (greater than 0.12 sec)  

 Often the QRS has a bizarre appearance with 

increased amplitude  

 In most cases, the T wave deflects in the 

opposite direction to the QRS 

 

Premature Ventricular Contraction 

Premature ventricular contractions (PVCs, also known 

as ventricular ectopic beats) are caused by electrical 

irritability in the ventricular conduction. Disruption of 

normal electrolyte shifts during depolarisation and 

repolarisation can cause PVCs.  

They may occur singularly, in clusters of 2 or 3, or in 

repeated patterns and will occur before the expected 

sinus conducted beat  

PVC’s are referred to as being: 

 Benign: When there is no structural heart 

disease or significant symptoms 

 Potentially malignant: In the presence of 

structural heart disease or left ventricular 

dysfunction, but no symptoms 

 Malignant: When they result in VT or 

VF associated with Syncope, Heart 

Failure, Myocardial Ischaemia or 

Hypotension 

 

There is usually a compensatory pause because in the 

underlying sinus rhythm the P wave occurs on time but 

the ventricles fail to respond as they are in the refractory 

period. Sometimes retrograde conduction (impulses that 

travel back up from the ventricles to the atria) will 

occur.   
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Conditions that can disrupt electrolyte shifts are: 

 Hypo & Hyperkalaemia, Hypomagnesaemia, 

Hypocalcaemia.  

 Metabolic Acidosis / Hypoxia  

 Myocardial Ischaemia  

 Intoxication caused by drugs such as Cocaine, 

Amphetamines or Tricyclic antidepressants  

 Enlargement of the ventricles.  

 Increased sympathetic stimulation / 

Myocarditis  

 

Types of PVCs: 

 Unifocal PVCs: Identical in shape 

 

 

 Multifocal PVCs: More than one shape 

 

 

 Bigeminy (every second beat) 

 

 Trigeminy (every third beat) 

 

 

 Couplets: Groups of two PVCs 

 

 

 Triplets (Salvos): Groups of three PVCs 

 

 

Significance: 

 May cause a reduction in cardiac output due to 

decreased ventricular filling and loss of atrial 

kick  

 May lead to Ventricular Tachycardia or 

Ventricular Fibrillation with the risk increasing 

in the presence of ischaemia or damaged 

myocardium  
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Idioventricular Ventricular Rhythm 

Occurs when all of the heart’s potential pacemakers fail 

to function or when supraventricular impulses cannot 

reach the ventricles due to a block in the conduction 

system  

Common causes – Complete Heart Block (CHB), 

Digoxin toxicity and metabolic disturbances  

The cells in the His-Purkinje system take over and act as 

the heart’s pacemaker to generate an impulse which acts 

as a safety mechanism to protect the heart from 

ventricular standstill (therefore should never be 

suppressed). 

 

Characteristics: 

 Rate 20 – 40bpm although this can be higher 

(40 -100) in the case of accelerated 

Idioventricular rhythm  

 Absence of P wave and PR interval  

 QRS complexes are wide and bizarre 

 Patient may complain of palpitations, 

dizziness, and light-headedness 

 Reduction in cardiac output due to slow 

ventricular rate 

 Patients need to be monitored very closely

 Idioventricular Rhythm commonly occurs in 

dying patients 
 

 

 

 

Possible Causes of Idioventricular Rhythm: 

 Myocardial Ischaemia / Myocardial Infarction 

 Digoxin toxicity / Pacemaker failure  

 Metabolic imbalances  

 

Treatment: 

 Atropine to increase the heart rate 

 Pacemaker 

 

 

Ventricular Tachycardia 

Ventricular tachycardia (VT) is identified when three or 

more PVCs occur in a row and the rate is greater than 

120 bpm. VT may be sustained or paroxysmal (self 

terminating) or can degenerate into Ventricular 

Fibrillation (VF). VT can be unpredictable and can 

potentially cause sudden cardiac death 

 

 

Characteristics: 

 Atrial rate and rhythm cannot be determined  

 P wave is usually absent or obscured by the 

QRS; retrograde conduction from the ventricle 

to the atria may occur  

 QRS are bizarre, duration longer than 0.12 

secs, and increased amplitude with the T wave 

occurring in the opposite direction  

 Ventricular rhythm is usually regular but may 

be irregular  

 

The symptoms of VT can vary from mild palpitations to 

dizziness, syncope and cardiac arrest 
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Possible Causes of VT:  

 Acute myocardial infarction, ischaemic heart 

disease  

 Hypertrophic cardiomyopathy, dilated 

cardiomyopathy  

 Mitral valve prolapse, myocarditis  

 Congenital heart disease  

 R on T phenomenon, depolarisation occurring 

during the relative refractory period of the T 

wave  

 

 

The causes are often referred to as the 4 H’s and 4 T’s: 

 

1. Hypo/ Hyperthermia  

2. Hypovolaemia  

3. Hypoxaemia  

4. Hyperkalaemia/Hypokalaemia & other 

metabolic disorders 

 

1. Tension pneumothorax  

2. Toxins / poisons / drugs  

3. Thrombosis (pulmonary / coronary)  

4. Tamponade 

 

 

Treatment:  

The rapid ventricular rate reduces filling time therefore 

the cardiac output may dramatically decrease, putting 

the patient at risk of cardiovascular collapse. Treatment 

depends on the patient’s condition which will fall into 

one of the following categories: 

 Pulseless VT - treat as for VF (Defibrillation) 

and the commencement of CPR and ALS 

algorithms  

 Pulse present but haemodynamically unstable - 

synchronised cardioversion. 

 Pulse present and patient haemodynamically 

stable – consider Amiodarone loading followed 

by maintenance infusion; if unsuccessful, then 

cardioversion should be considered. 

 

Supraventricular Tachycardia (SVT) 

Supraventricular tachycardia (SVT) is an abnormally 

fast rhythm that originates above the ventricles in the 

atria. The term ‘supraventricular tachycardia’ (SVT) is 

frequently misused. It literally refers to any heart rate 

over 100 bpm that originates above the ventricles 

(supraventricular). It encompasses many different 

arrhythmias, including Sinus Tachycardia, Atrial 

Fibrillation, Atrial Tachycardia and AV re-entry 

tachycardia (narrow, fast and regular characteristics). 

 

Possible Causes of SVT:  

 Heart failure 

 Thyroid disease 

 Excessive alcohol or caffeine intake 

 Drug use, such as cocaine and 

methamphetamines 

 Paroxysmal  

 

 
 

Treatment: 

 Adenosine 

 Synchronised cardioversion 
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Torsades de Pointes 

Translates as “twisting of the points” and is a 

Polymorphic Ventricular Tachyarrhythmia regarded as 

intermediate between VT and Ventricular Fibrillation. 

 

Characteristics: 

 Rate is 150 – 250 bpm 

 Irregular with wide QRS complexes deflecting 

downwards for several beats and upwards for 

several beats 

 P wave is usually absent 

 May start and stop suddenly with resumption 

of sinus rhythm or may degenerate into VF 

 

Possible Causes of Torsades de Pointes:  

Causes include anything that prolongs the QT interval: 

 Romano-Ward Syndrome (an inherited 

autosomal dominant trait which results in a 

prolonged QT interval and abnormally 

configured T waves) 

 Myocardial ischaemia 

 Sinoatrial disease leading to bradycardia 

 Vagal response 

 Subarachnoid haemorrhage 

 AV Block 

 Hypo – K+, Ca++ or Mg+ 

 Drug toxicity (especially Amiodarone) 

 Overdose of psychotropic drugs 

 

Treatment:  

Preferred treatment is with IV Magnesium whilst 

treating the cause where appropriate. 

 

 

 

 

Ventricular Fibrillation (VF) 

VF is a chaotic pattern of electrical activity in the 

ventricles in which electrical impulses arise from many 

different foci: 

 VF produces no effective cardiac muscular 

contraction and no cardiac output 

 Untreated VF causes sudden cardiac death 

 Life threatening arrhythmia that requires 

earliest possible defibrillation 

 

Characteristics: 

 Atrial rhythm/rate cannot be determined 

 Regular or irregular ventricular rhythm and 

rate of 100-200bpm 

 P wave absent by QRS complex 

 PR interval unmeasurable 

 QRS complex wide and bizarre, duration 

longer than 0.1 sec. (three small squares) 

 T wave opposite direction of QRS complex 

 

Possible Causes of VF:  

 Myocardial Ischaemia / Infarction 

 Untreated VT / underlying Heart Disease 

 Acid-base balance / electric shock 

 Severe Hypothermia 

 Electrolyte imbalances such as Hypokalaemia, 

Hyperkalaemia and Hypercalcaemia 

 4 H’s and the 4 T’s 

 

Treatment: 

 Immediate defibrillation if available 

 Pre-cordial thump if witnessed and monitored 

 Commencement of CPR and ALS algorithms 
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SECTION 8 

 

 

RHYTHM INTERPRETATION 

 

8 Steps to Rhythm Interpretation 

Ask yourself the following in order to determine the 

rhythm:  

1. What is the rate?  

 See page 14 for method of calculating 

heart rate 

 

2. Is the rhythm regular or irregular?  

 Measure the intervals between the R 

waves (0.12 seconds variation is 

normal)  

 Is the R-R Interval consistent?  

 

3. What is the assessment of the P waves?  

 Are P waves present?  

 Is there one, and only one, before each 

QRS?  

 Is their shape normal?  

 

4. What is the measurement of the PR interval?  

 Measure from the beginning of the P 

wave to the beginning of the QRS 

(normal is 0.12-0.20 seconds)  

 Is it consistent?  

 

5. What is the measurement of the QRS interval?  

 Measure from the beginning of the Q 

wave to the end of the S wave (normal 

is 0.08 - 0.12 seconds)  

 Do all the QRS complexes look alike?  

 

 

 

6. What is the ST segment?  

 Between the S wave and T wave 

(should be on the isoelectric line)  

 

7. What is the assessment of the T wave?  

 The T wave normally deflects in the 

same direction as the QRS  

 T waves that follow ventricular 

ectopics often deflect in the opposite 

direction  

 

8. What is the rhythm?  

Analyse the rhythm with all the data that you 

have, keeping in mind the normal conduction 

pathway  
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Rhythm Characteristics 
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SECTION 9 

 

 

TELEMETRY 

 

‘Section 9: Telemetry’ of the Cardiac Rhythm Analysis 

Information Booklet will provide theoretical 

information to enable the Registered Nurse, Enrolled 

Nurse and Midwife to be safe and competent in caring 

for patients with telemetry in clinical areas. 

 

Telemetry is an observation tool that allows continuous 

cardiac rhythm monitoring while the patient remains 

active without the restriction of being attached to a 

bedside cardiac monitor. At Goulburn Valley Health the 

acute inpatient system consists of 12 transmitters with 

slave monitors in Surgical, Medical and the Paediatric 

unit displaying cardiac wave forms for each of their 

monitored individual ward patients. The Intensive Care 

Unit (ICU) has a master central monitor which displays 

information of all patients being monitored within the 

acute and sub-acute wards, and controls admissions and 

discharges to the telemetry system as well as the alarm 

settings. 

 

Suitability for Telemetry 

Patients requiring telemetry may include:  

 Chest pain/angina and abnormal ECG  

 Post cardiac event e.g. acute myocardial 

infarction  

 Stable cardiac arrhythmia’s for investigation  

 Stable cardiac arrhythmia’s being treated with 

new oral anti-arrhythmic medication  

 Acute severe electrolyte imbalance  

 Unexplained syncope  

 

 

 Suspected cardiac trauma  

 Transient Ischemic Attack (TIA) / post stroke  

 Patients within the Emergency Department as 

per local guideline  

 Post-operative monitoring of patient with 

history of ischaemic heart disease, who have 

been assessed by a Medical Officer as being 

suitable for telemetry monitoring  

 Cardiac toxic drug overdose 

 

Patients requiring Telemetry must meet the following 

requirements: 

 Initially the patient must be assessed by the 

Medical Registrar or Physician who will 

determine the need and suitability for 

telemetry.  

 Any patients on telemetry must be under the 

care of a medical team whilst monitored and 

must remain so until no longer required or 

deemed stable enough to be removed from 

Telemetry. This also includes all patients with 

non-medical conditions (e.g. Post op surgical 

patients) who require monitoring at any stage 

during their admission. 
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Admission Process 

Contact ICU ANUM to request a telemetry unit and to 

inform ICU staff about the patient. 

 Provide an ISBAR handover and clearly state 

the reason for telemetry, including relevant 

medical/surgical history and patient treatment. 

 Provide patient’s Doctor, ward, location and 

bed number within the ward.  

 Hand over any treatment limitation orders, 

such as NFR status. 

 Patient addressograph labels (not request 

labels) must be supplied to ICU.  

 Assign an orderly to collect the allocated 

telemetry unit and fresh batteries from ICU 

following handover.  

 Attach electrodes (x5) to patient’s chest as per 

diagram. 

 

 

 

 Connect the telemetry unit leads correctly to 

the electrodes.  

 Insert the batteries correctly into the telemetry 

unit as per image and notify ICU that the 

transmitter has been connected. This is also 

confirmed by checking the ward monitor that 

the patient is being successfully monitored and 

that the lead placement is correct. 

 

 

 Obtain/confirm details of monitored cardiac 

rhythm. 

 Perform patient assessment, 12 lead ECG and 

documented findings, including vital signs, 

pain assessment, cardiac rhythm and rate.  

 

Patient Education 

Like any procedure it is important prior to commencing 

telemetry on a patient that staff educate the patient. 

Inform the patient that: 

 Telemetry is an ambulatory heart monitor only 

effective when on the ward. 

 You cannot shower with the telemetry unit on 

 It monitors their heart rhythm and rate. 

 They must notify the nurse immediately if 

experiencing palpations, chest pain, shortness 

of breath etc. 
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Nursing Responsibilities 

 Routine observations and monitoring. Vital 

signs and cardiac rate and rhythm should be 

done every 4 hours or more often as deemed 

necessary 

 An ECG is required daily whilst patient is on 

telemetry, and routinely with any chest pain 

 Irrespective of monitoring; any concerns or 

changes in the patient’s condition should be 

brought to the medical teams’ attention 

 Monitoring does not replace the need for 

escalation of care 

 Nurses are to respond to all telemetry alarms 

and physically sight and check the patient 

 Documentation in the progress notes, of the 

patient’s cardiac rate and rhythm should be 

completed at least once every shift 

 Patients need to remain within the ward as the 

transmitter cannot receive a clear signal if they 

leave the area 

 If patients need to leave the ward for x-rays or 

other tests, ICU must be notified before they 

leave the ward and when they return. ICU staff 

will then enter the patients location on the 

monitor screen e.g. x-ray or shower 

 ICU must be notified if the patient changes 

location either to another area of the hospital or 

another bed area as they need to adjust the 

location of the patient on the central monitor 

 In the event of a CODE Blue and a life 

threatening arrhythmia ICU rely on this 

information being accurate at all times  

 Daily review with the medical team must occur 

as to the necessity for the patient to remain on 

continual cardiac monitoring 

 The medical team responsible for the patients 

care are accountable for ceasing the telemetry 

monitoring 

 When it is deemed the patient can be removed 

from telemetry, the transmitter unit is to be 

cleaned with alcohol wipes and returned back 

to ICU who will, on notification, discharge the 

patient from the central monitor 

 Do not transfer the transmitter to a different 

patient within the ward  

 The transmitter must be removed prior to the 

patient having a shower 

 Showering is up to the discretion of the senior 

nurse or medical staff and only if the patient 

has been pain free for at least 24 hrs  

 Patients on Telemetry for 24hrs can 

temporarily have their telemetry suspended to 

be taken off the ward for tests and 

investigations. With the exception of patients 

who have specific documentation in the 

previous 24hrs period stating otherwise  

 Any time there is a change in the patient’s 

condition, rate or rhythm, there should be a 

prompt and full clinical assessment of the 

patient including vital signs, pain assessment, 

shortness of breath, chest auscultation, O2 

administered if required and 12 lead ECG 

performed 

 Telemetry patients are the responsibility of the 

ward staff. Do not wait for ICU staff to make 

contact if patient leads are off or batteries 

require replacement.  

 ICU staff will notify ward staff if clinically 

concerned about a patient’s cardiac rhythm or 

rate.  

 Be aware of current electrolyte results 

 

Note: Never disregard telemetry alarms 
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Lead Placement 

Firstly make sure the skin is clean and free from hair if 

possible (clip hair if necessary). Avoid areas prone to 

movement e.g. very muscular area or over pendulous 

breasts (go underneath rather than over breast tissue). 

This is important as the monitoring is ambulatory in 

nature and avoiding such areas should provide a better 

quality tracing.  

Telemetry functions with five (5) leads: 

 Green Lead: Right lower quadrant  

 Red Lead: Left lower quadrant  

 Black Lead: Left Upper quadrant (away from 

bony prominences)  

 White Lead: Right upper quadrant (away from 

bony prominences)  

 Brown: Right 4th intercostal space, to the right 

of the sternum (as with V1 lead on an ECG) 

Lead placement is also shown on the back of the 

telemetry unit. 

 

 

Electrodes should be replaced daily to prevent skin 

break down and to allow optimal conduction. Limb 

electrodes are placed on the torso to reduce muscle 

artefacts during limb movement. 
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SECTION 10 

 

 

ATRIOVENTRICULAR BLOCKS 

 

Atrioventricular (AV) Heart Block results from an 

interruption in the conduction of impulses between the 

atria and the ventricles. AV Heart Block can be partial, 

total or may slow down conduction. Normal AV node 

conducts slowly allowing the atria to be fully 

depolarized and to contract before the ventricles are 

stimulated. This allows the ventricles to completely fill 

before the ventricles contract. AV blocks are classified 

by their severity which is measured according to how 

well the node conducts impulses. Classification 

includes: 

 First (1
st
) Degree AV Block 

 Second (2
nd

) Degree AV Block 

 Third (3
rd

) Degree AV Block 

 

Possible Causes of Atrioventricular Heart Block: 

 Myocardial Ischaemia 

 Myocardial Infarction 

 Overdose of medications such as Digoxin, 

Beta-blockers, Calcium Channel Blockers 

 Congenital anomalies such as Congenital 

Ventricular Septal Defects 

 Cardiac Surgery 

 

1st Degree AV Block 

A 1
st
 Degree AV Block occurs when conduction 

through the AV node is slowed, thereby delaying the 

time it takes for the action potential to travel from the 

sinoatrial node through the AV node, and to the 

ventricles. A 1
st
 Degree AV Block is evident on an ECG 

by a prolonged PR interval.  

 

Characteristics: 

 SA node works normally 

 Impulse takes longer than normal to travel 

through the AV node 

 Rate is regular and 60 -100bpm 

 P wave is normal in appearance 

 PR interval is prolonged on ECG (greater than 

0.20 sec or five small squares on ECG paper) 

 QRS follows every P wave 

 May appear normally in healthy person and 

may be temporary (if its due to medications) 

 The presence of 1st Degree AV Block indicates 

a conduction problem which can progress to a 

more severe block so the patient should be 

monitored 

 Most patients with 1st Degree AV Block may 

not show any symptoms because cardiac output 

is not significantly affected  

 Regular 
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2nd Degree AV Block 

Normally, the PR interval is constant. However, in some 

conditions the interval between P waves and QRS 

complexes changes, giving rise to a variable PR 

interval. Sometimes a P wave is not followed by a QRS 

complex at all and so the PR interval cannot be 

measured. These will indicate one of a number of 

possible AV conduction problems distinguished by the 

relationship between P waves and QRS complexes. 

There are two types of 2
nd

 Degree AV Block: 

 2
nd

 Degree AV Block Type I (Mobitz Type I – 

Wenckebach) 

 2
nd

 Degree AV Block Type II (Mobitz Type II) 

 

 

2
nd

 Degree AV Block Type I (Mobitz Type I – 

Wenckebach) 

 P wave is normal in appearance 

 Progressive lengthening of the P-R intervals 

until a P wave fails to be conducted and fails to 

produce a QRS complex 

 PR interval resets to normal and the cycle 

repeats. 

 QRS complex is narrow 

 T wave is normal 

 The ventricular rhythm is irregular 

 

Causes of 2
nd

 Degree AV Block Type I include 

Coronary Artery Disease, Acute Myocardial Infarction 

(AMI) and some cardiac medications. Signs and 

symptoms are more likely when the ventricular rate is 

slow. 

 

Treatment may include: 

 Atropine 

 Cardiac pacing 

 

 

 

 

 

2
nd

 Degree AV Block Type II (Mobitz Type II) 

 Less common but more serious block 

 P waves may or may not be conducted, 

depending on where in the pathway the block 

is occurring (eg 2:1 AV Block) 

 PR interval is normal and constant 

 QRS complex may or may not follow a P wave 

 QRS complex is narrow 

 T wave is normal 

 There must be 2 consecutive constant PR 

intervals to diagnose Type II AV Block 

 The location of the conduction defect is lower 

than Type I AV Block - in the Bundle of His or 

Bundle Branches. As the block is lower in the 

conduction system there is the potential for this 

to progress to a 3rd Degree AV Block or 

ventricular standstill. 

Causes of 2
nd

 Degree Type II AV Block include 

Coronary Artery Disease, Myocardial Infarction (MI) 

and severe degenerative changes.  
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Treatment may include: 

 Pacing 

 

 

 

 

 

2:1 AV Block 

2:1 AV Block is a special form of 2nd Degree AV 

Block in which alternate P waves are not followed by 

QRS complexes. For this reason, 2:1 AV Block cannot 

be categorized as a 2
nd

 Degree Mobitz Type I or Type II 

because it is impossible to say whether the PR interval 

for the non-conducted P waves would have been the 

same as or longer than the conducted P waves. 

 

 

 

 

 

 

 

2
nd

 Degree AV Block Comparison 
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3rd Degree AV Block 

Complete interruption of conduction between atria and 

ventricles. The two are working independently. The SA 

node usually continues to depolarise the atria, whereas 

the ventricular activation depends on a standby escape 

pacemaker located below the block.  

 

Characteristics: 

 The rate can vary from 20 - 60 bpm depending 

where the block is (the lower the block, the 

slower the rate) 

 P waves bear no relationship to the ventricular 

QRS complexes 

 PR interval is completely variable 

 There is AV dissociation with the atria 

depolarising at one rate and the ventricles at 

another 

 QRS is widened and there is no correlation 

between the P waves and QRS complexes 

 T wave is normal 

 The slow ventricular rate presents a potentially 

life threatening situation because cardiac 

output can drop dramatically 

 Patient may present with bradycardia, 

shortness of breath, altered level of 

consciousness, chest pain, fatigue and 

dyspnoea. 

 

Possible Causes of 3
rd

 Degree AV Block: 

 Myocardial Infarction  

 Severe digitalis toxicity 

 

Treatment: 

 Temporary pacing may be used to restore 

adequate cardiac output 

 Depending on the cause, the patient may need a 

permanent pacemaker 

 Pharmacological intervention may be required 

whilst awaiting insertion of Temporary Pacing 

Wire. E.g. Adrenaline infusion or small 

incremental doses (10 - 20mcgs) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



37 
 

SECTION 11 

 

 

ISCHAEMIA, INJURY & INFARCTION 

 

Insufficient blood supply to the myocardium can result 

in myocardial ischaemia, injury or infarction, or a 

combination of all three. Myocardial ischaemia 

generally appears first.  

Disturbance in blood and oxygen supply to the 

myocardium may be due to: 

 Coronary artery occlusion 

 Coronary artery spasm 

 Decreased coronary artery blood flow 

 Decreased oxygen supply 

 Increased myocardial workload 

When myocardial cells are lacking oxygen, they lose 

their ability to repolarise normally. Therefore, ischaemic 

and infarct changes are seen on the ECG in the ST 

segment and T wave as these segments represent 

repolarisation. 

 

Myocardial Ischaemia 

Myocardial ischaemia results from disturbance 

(reduction) in oxygen supply to myocardial cells. 

 Myocardial ischaemia may be reversible 

 Causes changes in depolarisation and 

repolarisation, resulting in T wave inversion in 

leads overlying the ischaemic regions 

 May cause disturbance in contraction or 

conduction of myocardial cells 

 On restoration of blood supply, cellular 

function returns to normal 

On the 12 Lead ECG, myocardial ischaemia may be 

seen as: 

 ST depression, or 

 

 T wave inversion 

 

Note: Myocardial Ischaemia = Lack of oxygenation, 

characterised by ST segment depression or T wave 

inversion. Reversible damage to cells.  

 

Myocardial Injury 

Injury to the myocardial cells results when the 

ischaemic process is more severe.  

Myocardial Injury may result in: 

 Disturbances in conduction and contraction 

 Reversible damage to cells 

 Injured cells may regain normal function on 

restoration of blood flow 
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On the 12 Lead ECG, myocardial injury may be seen as: 

 ST elevation 

 

 T wave changes or ST depression 

 

Note: Myocardial Injury = Prolonged ischaemia, 

characterised by ST segment elevation, T wave 

changes or ST depression. Reversible damage to 

cells. 

 

Myocardial Infarction 

The term infarction describes necrosis or death of 

myocardial cells. During acute myocardial infarction, 

the central area of necrosis is generally surrounded by 

an area of injury, which in turn is surrounded by an area 

of ischaemia, therefore various stages of myocardial 

damage can coexist. The distinction between ischaemia 

and infarction is whether it is reversible. Transient 

myocardial ischaemia that produces T wave, and 

sometimes ST segment abnormalities, can be reversible 

without producing permanent damage and is not 

accompanied by serum enzyme or troponin rise. Two 

types of myocardial infarction can be observed on ECG: 

 ST Elevation Myocardial Infarction (STEMI), 

with increase in Troponin and Creatinine 

Kinase (CK). 

 Non-ST Elevation Myocardial Infarction (Non-

STEMI), if no ST elevation is seen the 

diagnosis of myocardial infarction is made 

with the associated changes in Troponin and 

CK.  

 

 

Pathological Q Waves  

Pathological Q waves do not always accompany 

myocardial infarction.  

Criteria for Pathological Q waves: 

 >25% depth of ensuing R wave 

 >1mm deep 

 >0.04secs duration 

 Occur in leads that do not usually have deep 

wide Q wave 

 Usually occur in more than one lead orientated 

to the area of ischaemia 

 Appear in leads that overlie damaged 

myocardium 

 Generally appear within 1-3 days after MI, 

however may be accelerated following 

thrombolytic therapy.  
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Electrically inactive myocardium (due to infarction) 

produces a “window” through which the opposite non-

infarcted myocardial wall may be seen, thus producing a 

pathological Q wave (electrical activity travelling away 

from the positive electrode, therefore producing a 

negative deflection). 

 

ST Segment Elevation 

 Displayed in the lead that lies directly over 

injured myocardium 

 Appears within minutes of coronary artery 

occlusion 

 Due to changes in resting membrane potential 

of damaged cells which are no longer able to 

repolarise normally. 

 

 

 

ST Segment Depression 

 0.5mm or deeper is considered to be abnormal 

 Results when a lead is in proximity to an area 

of injury, but situated in such a way that there 

is normal tissue between the positive electrode 

and the injured tissue.  

 Due to altered repolarisation of myocardium 

because of anoxia  

 Usually a sign of injury or ischaemia 

 

T Wave  

Ischaemia causes a delay or change in the direction of 

repolarisation. T waves may be: 

 Tall and peaked, and symmetrical 

 Deeply inverted 

 Low and flat (prolonged repolarisation) 

 Biphasic (above and below the isoelectric line) 

 Abnormal ischaemic T waves are often 

associated with depression in the ST segment 

in acute ischaemic episodes and return to 

normal after the incident 

 Deeply inverted T waves may appear in 

association with pathological Q waves 

following MI 

 In the event of a Non-STEMI, the abnormally 

inverted T wave may be the only indication of 

damage 

 T waves may revert back to normal after a 

period of time.  
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ECG Evolution Following Myocardial Infarction

Following the injury phase, as the myocardial infarction progresses the injured tissue becomes necrotic and the current 

injury disappears as the tissue becomes electrically inert. The ST segment becomes less elevated in the leads facing and 

finally return to baseline.  

 

Lead Orientation 

Each of the ECG leads is orientated to a specific area of the myocardium. By reviewing the leads involved in ischaemic 

or infarct changes, the area and extent of the myocardium involved may be identified.  

Below is an outline of the leads that reflect various areas of the Left and Right ventricles: 

 Anterior (V3 – V4) 

 Septal (V1 – V2) 

 Anteroseptal (V1 – V4) 

 Anterolateral (V3 – V6, I, AVL) 

 Lateral (V5 – V6, I, AVL) 

 Inferior (II, III, AVF) 

 Inferolateral (II, III, AVF, V5 – V6, I, AVL) 

 Posterior (V7 – V9 & ST depression V1 – V3) 
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SECTION 12 

 

 

BUNDLE BRANCH BLOCK  

 

The left and right bundle branches conduct electrical 

impulses from the AV node and Bundle of His 

throughout the ventricles to the purkinje fibres.  

Occlusion or damage to the fibres in either of these 

bundle branches is known as a left or right bundle 

branch block. 

Possible causes of bundle branch block include: 

 Ischaemic Heart Disease (IHD) 

 Myocardial Infarction 

 Idiopathic 

 Degenerative Disease 

 Valvular Disease 

 Trauma – Cardiac surgery 

 Inflammatory disorders – Pericarditis, 

Myocarditis 

 

 

Normal Bundle Branch Conduction 

Initial depolarisation occurs through the intraventricular 

septum from left to right. The impulse then spreads 

quickly through the left and right ventricles via the 

bundle branches.  

This sequence of ventricular activation ensures that the 

conduction of the impulse and contraction 

(depolarisation) occurs in such a way that maximum 

cardiac output is achieved. Disturbance in conduction 

through the ventricle may have an impact on the 

contraction of the ventricle and cardiac output. 

 

Left Bundle Branch Block (LBBB) 

With complete LBBB, the conduction through the left 

ventricle no longer follows the normal conduction 

pathway, instead electrical impulses travel rapidly down 

the right bundle branch into the right ventricle, then 

slowly progress across the septum from right to left (the 

opposite direction to the normal conduction pathway)  

into the left ventricle. 

LBBB generally indicates organic heart disease such as 

ischaemia, hypertension or cardiac failure. 

The left bundle branch consists of a short thick stem 

(main stem) with two divisions: 

1. Left Anterior Fascicle – Conducts from the 

main stem of the left bundle to the anterior and 

lateral walls of the left bundle 
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2. Left Posterior Fascicle – Is short and broad and 

conducts to the posterior and lateral walls of 

the left ventricle. 

 

Blood Supply 

Left Bundle Branch: 

 Main stem – LAD 

 Left Anterior Fascicle – LAD 

 Left Posterior Fascicle – LAD and Posterior 

Descending Artery (PDA) 

 

ECG Criteria: 

 Axis may be normal, but is commonly deviated 

to the left 

 QRS duration 0.12sec or greater 

 QRS pattern - wide, monophasic 

 Predominantly negative in Leads V1 – V3 

 Predominantly positive in Leads V4, V5, I, 

AVL and often notched R waves. 

 Leads I, AVL, V5 and V6 absence of small 

normal q wave, with tall, wide, slurred R wave 

 Repolarisation abnormalities (ST segment and 

T wave changes). 

 ST segment depression and T wave 

inversion I, AVL, V5 – V6 

 ST segment elevation and positive T 

wave in V1 – V3 

A LBBB may mask an anterior MI, therefore obtain 

serial ECGs and compare ST segments.  

 

Right Bundle Branch Block (RBBB) 

With RBBB, the conduction through the right ventricle 

no longer follows the normal conduction pathway, 

instead electrical impulses travel rapidly down the left 

bundle branch, into the septum and left ventricle (as 

normal), followed by a delayed and abnormal 

depolarisation of the right ventricle. 

RBBB may be a normal finding in a healthy heart, but is 

often associated with heart disease, cardiomyopathy and 

pulmonary embolus. 

 

Blood Supply 

 Proximal – LAD and PDA 

 Distal – LAD 

 

ECG Criteria: 

 Axis may be normal or deviated to the left 

 QRS interval 0.12sec or greater 

 V1 tall, wide and frequently notched R 

deflection.  

 Slurred S wave in Lead I, AVL, V5 and V6 

 ST segment depression and T wave inversion 

V1 – V3 

 May mask Posterior AMI, Anteroseptal 

Ischaemia, Right Ventricular AMI 
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SECTION 13 

 

 

AUTHORS 
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Manager, Intensive Care Unit, Hornsby Ku-ring-gai Hospital), and the following Goulburn Valley Health staff: 

 

 

Stephanie O’Nial
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SECTION 14 
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