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 Foreword     

  I am absolutely delighted to write the foreword for the second 
edition of  ECGs for Nurses  on request of the author Phil Jevon. 
Phil has vast experience in emergency and cardiac care and has 
published widely, especially in the fi eld of resuscitation, monitor-
ing the critically ill patient and ECGs for nurses. 

  ‘ Diseases of the heart and circulatory system are the main cause 
of death in the UK and account for almost 198,000 deaths each 
year ’  (British Heart Foundation, 2008, p. 12). 

  ‘ Cardiac arrhythmias affects more than 700,000 people in 
England and is consistently in the top ten reasons for hospital 
admission ’  (Department of Health, 2005, p. 3). 

  ‘ Delivering improved quality of initial and early care for 
patients with arrhythmia will lead to these cases being managed 
more quickly, more cost effectively and in appropriate settings 
with improved quality of life and survival outcomes ’  (Depart-
ment of Health, 2005, p. 3). For this to happen, however, nurses 
must have the skills to recognise arrhythmia and know how to 
manage them; this is where  ECGs for Nurses  can be very helpful. 

  ECGs for Nurses  explores arrhythmia analysis as well as 12 lead 
ECG recording, which are both crucial skills for nurses looking 
after patients with cardiovascular disease and or arrhythmias. 

 The systematic approach to the whole book makes it very easy 
to follow and the logical progression in each chapter, which 
includes introduction, learning outcomes, systematic analysis of 
arrhythmia and 12 leads, with examples, signs and symptoms, 
and management, really helps with the application of knowledge 
and skills. The reference list at the end of each chapter encourages 
further reading and exploration. 

 I have enjoyed reading the second edition of this very useful 
ECG book and I hope that you will fi nd it as useful and that it 
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will enhance the care that you give to patients and their 
families.  

    Cynthia Curtis  
  Head or Nurse Education  &  Events  

  British Heart Foundation,  
  Greater London House,  

  180 Hampstead Rd,  
  London.  

  NW1 7AW  
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 The Conduction System 

in the Heart     

   INTRODUCTION 
 The conduction system in the heart is an intrinsic system whereby 
the cardiac muscle is automatically stimulated to contract, with-
out the need for external stimulation (Waugh  &  Grant,  2007 ). It 
comprises specialised cardiac cells, which initiate and conduct 
impulses, providing a stimulus for myocardial contraction. It is 
controlled by the autonomic nervous system; the sympathetic 
nerves increase heart rate, contractility, automaticity and atrio-
ventricular (AV) conduction, while the parasympathetic nerves 
have an opposite effect. 

 Irregularities in the conduction system can cause cardiac arrhyth-
mias and an abnormal electrocardiogram (ECG). An understand-
ing of the conduction system and how it relates to myocardial 
contraction and the ECG is essential for ECG interpretation. 

 The aim of this chapter is to understand the conduction system 
in the heart.  

  LEARNING  O UTCOMES 
 At the end of the chapter the reader will be able to: 

   ❑      Discuss the basic principles of cardiac electrophysiology.  
   ❑      Describe the conduction system in the heart.     

  BASIC  P RINCIPLES OF  C ARDIAC  E LECTROPHYSIOLOGY 
  Depolarisation and  r epolarisation 

 The contraction and relaxation of the cardiac muscle results from 
the depolarisation and repolarisation of myocardial cells (Meek 
 &  Morris,  2008 ): 

   •      Depolarisation:     can be defi ned as the sudden surge of charged 
particles across the membrane of a nerve or muscle cell that 

1
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accompanies a physicochemical change in the membrane 
and cancels out or reverses its resting potential to produce 
an action potential (McFerran  &  Martin,  2003 ); put simply, it 
is the electrical discharging of the cell (Houghton  &  Gray, 
 2003 ). A change in the cell membrane permeability results in 
electrolyte concentration changes within the cell. This causes 
the generation of an electrical current, which spreads to neigh-
bouring cells causing these in turn to depolarise. Depolarisa-
tion is represented on the ECG as P waves (atrial myocytes) 
and QRS complexes (ventricular myocytes).  

   •      Repolarisation:     can be defi ned as the process by which the cell 
returns to its normal (resting) electrically charged state after a 
nerve impulse has passed (McFerran  &  Martin,  2003 ); put 
simply, it is the electrical recharging of the cell (Houghton 
 &  Gray,  2003 ). Ventricular repolarisation is represented on 
the ECG as T waves (atrial repolarisation is not visible on the 
ECG as it coincides with and therefore, is masked by the QRS 
complex).     

  Automaticity 

 Automaticity is the ability of tissue to generate automatically an 
action potential or current (Marriott  &  Conover,  1998 ), i.e. electri-
cal impulses can be generated without any external stimulation. 
It occurs because there is a small, but constant, leak of positive 
ions into the cell (Waldo  &  Wit,  2001 ). 

 The sinus node normally has the fastest fi ring rate and there-
fore assumes the role of pacemaker for the heart. The speed of 
automaticity in the SA node can be determined by a number of 
mechanisms, including the autonomic nervous system and some 
hormones, e.g. thyroxin (Opie,  1998 ). If another focus in the heart 
has a faster fi ring rate, it will then take over as pacemaker.  

  Cardiac  a ction  p otential 

 Action potential can be defi ned as the change in voltage that 
occurs across the membrane of a muscle or nerve cell when a 
nerve cell has been triggered (McFarran  &  Martin, 2003). Cardiac 
action potential (see Figure  1.1 ) is the term used to describe the 
entire sequence of changes in the cell membrane potential, from 
the beginning of depolarisation to the end of repolarisation.   
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 Resting cardiac cells have high potassium and low sodium 
concentrations (140   mmol/l and 10   mmol/l, respectively). This 
contrasts sharply with extracellular concentrations (4   mmol/l and 
140   mmol/l, respectively) (Jowett  &  Thompson,  1995 ). The cell is 
polarised and has a membrane potential of 90   mV. 

 Cardiac action potential results from a series of changes in cell 
permeability to sodium, calcium and potassium ions. Following 
electrical activation of the cell, a sudden increase in sodium per-
meability causes a rapid infl ux of sodium ions into the cell. This 
is followed by a sustained infl ux of calcium ions. The membrane 
potential is now 20   mV. This is referred to as phase 0 of the action 
potential. 

 The polarity of the membrane is now slightly positive. As this 
is the reverse pattern to that of adjacent cells, a potential differ-
ence exists, resulting in the fl ow of electrical current from one cell 
to the next (Jowett  &  Thompson,  1995 ). 

 The cell returns to its original resting state (repolarisation) 
(phases 1 – 3); phase 4 ensues. Sodium is pumped out and potas-
sium and the transmembrane potential returns to its resting of 
90   mV. Table  1.1  summarises the phases of the cardiac action 
potential.    

     Figure 1.1     Cardiac ventricular muscle AP.  Reprinted from Aaronson, P.  &  Ward J., 
 The Cardiovascular System at a Glance , 3rd edn, copyright 2007, with permission 
of Blackwell Publishing.   
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  Action  p otential in  a utomatic  c ells 

 The action potential in automatic cells differs from that in myo-
cardial cells. Automatic cells can initiate an impulse spontane-
ously without an external impulse. 

 Automatic cells can be found in the SA node, AV junction (AV 
node and Bundle of His), bundle branches and Purkinje fi bres. 
The rate of depolarisation varies between the sites: 

   •      SA node:     has the shortest spontaneous depolarisation time 
(phase 4) and therefore the quickest fi ring rate (Julian  &  Cowan, 
 1993 ), usually approximately 60 – 100 times per minute (Khan, 
 2004 ).  

   •      AV junction (AV node and bundle of His):     approximately 40 – 60 
times per minute (Sharman,  2007 ).  

   •      Bundle branches and Purkinje fi bres:      < 40 times per minute.    

 If the SA node fi ring rate signifi cantly slows or ceases, e.g. a pos-
sible complication following an acute inferior myocardial infarc-
tion, a subsidiary pacemaker will (it is hoped) provide an escape 
rhythm. In general, the lower down the conduction system that the 
pacemaker is sited, the slower the rate, the wider the QRS complex 
and the less dependable it is (Jowett  &  Thompson,  1995 ). When an 
ectopic pacemaker takes over control of the electrical activity in the 
heart it is denoted by the prefi x  ‘ idio ’ , e.g. an idioventricular 
rhythm is an escape rhythm originating in the ventricles.   

  THE  C ONDUCTION  S YSTEM IN THE  H EART 
 The heart possesses specialised cells that initiate and conduct 
electrical impulses resulting in myocardial contraction. These 

 Table 1.1     Phases of the cardiac action potential. 

   Phase     Action  

  0    Upstroke or spike due to rapid depolarisation  
  1    Early rapid depolarisation  
  2    The plateau  
  3    Rapid repolarisation  
  4    Resting membrane potential and diastolic depolarisation  

   Thompson  1997    



 The Conduction System in the Heart 1

5

cells form the conduction system (see Figure  1.2 ), which com-
prises the following:   

  Sinoatrial ( SA )  n ode 

 The SA node is situated at the junction of the right atrium and 
superior vena cava (Sharman,  2007 ). The blood supply is via the 
nodal artery, which arises from either the right coronary artery 
(60%) or the left coronary artery (40%) (Jowett  &  Thompson, 
 1995 ). The SA node acts as the natural pacemaker and initiates 
each cardiac cycle (Meek  &  Morris,  2008 ) and is often referred to 
as the pacemaker (Khan,  2004 ; Waugh  &  Grant,  2007 ).  

  Internodal  p athways 

 The impulse from the SA node is conducted to the atria via four 
main atrial pathways; three in the right atrium are referred to as 
internodal pathways because they carry the impulse from the SA 
node to the AV node (Khan,  2004 ) and one to the left atrium 
(Bachmann ’ s bundle) (Berne  &  Levy,  1992 ).  

     Figure 1.2     The His - Purkinje conduction system.  Reprinted from Morris, F.  et al. , 
 ABC of Clinical Electrocardiography , 2nd edn, copyright 2008, with permission of 
Blackwell Publishing.   
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   AV   n ode 

 The AV node is situated near the inferior aspect of the inter - atrial 
septum (Sharman,  2007 ). Blood supply is via the nodal artery, 
which arises from either the right coronary artery (90%) or the 
left circumfl ex artery (10%) (Jowett  &  Thompson,  1995 ). It acts as 
a  ‘ bridge ’  connecting the atria to the ventricles, allowing the 
impulse to cross the atrioventricular ring (a thick layer of fi brous 
tissue, which electrically insulates the atria from the ventricles) 
(Khan,  2004 ). 

 The AV node has a slower conduction speed, which delays the 
conduction of the impulse from the atria to the ventricles (Waldo 
 &  Wit,  2001 ). This allows time for the atria to contract, enabling 
the ventricles to fi ll up before contraction (Khan,  2004 ). Although 
it does not itself possess the property of automaticity, the AV 
junction, conduction tissue connecting it to the bundle of His, 
does (Berne  &  Levy,  1992 ). 

 The AV node has a protective feature, blocking the number of 
atrial impulses reaching the ventricles (Khan,  2004 ). This is only 
seen when the atrial fi ring rate exceeds 180 – 200 impulses a minute 
(Berne  &  Levy,  1992 ) which is usually due to an area of abnormal 
automaticity in the conduction fi bres or myocardiam in the atria 
(Huszar,  2001 ), e.g. in atrial fi brillation.  

  Bundle of His 

 The bundle of His was fi rst discovered in 1893 by Wilhelm His 
Jr a Swiss cardiologist and anatomist. It is divided into right and 
left bundle branches. The left bundle branch is divided into two 
or sometimes three branches: 

   •      Anterior fascicle:     radiates anteriorly and superiorly across the 
ventricular wall.  

   •      Posterior fascicle:     radiates inferiorly and posteriorly across the 
left ventricular wall.  

   •      Mid - septal fascicle:     present in approximately a third of the 
population (Kulbertus  &  Demoulin,  1976 ), it usually emerges 
directly from the left bundle branch but can arise from either 
the anterior or posterior fascicle, and radiates through the 
septum (Dhingra  et al. ,  1975 ). 

 (Source:  Khan, 2004 )    
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 Blood supply is via the left anterior descending artery (Jowett 
 &  Thompson,  1995 ).  

  Purkinje  fi  bres 

 The Purkinje fi bres were fi rst discovered in 1839 by the Czech 
physiologist Johannes Evangelist Purkinje (Purkyne). They form 
the fi nal part of the conduction system and result from subdivi-
sions of the bundle branches (Sharman,  2007 ), enabling ventricu-
lar contraction from an inward to outward direction (Khan,  2004 ).  

  Control of  h eart  r ate 

 The heart rate is infl uenced by the cardiovascular centre in the 
medulla oblongata through the autonomic nervous system 
(Green,  1991 ; Waugh  &  Grant,  2007 ): 

   •      Parasympathetic or vagus nerve:     supplies mainly the SA node, 
AV node and atria (Waugh  &  Grant,  2007 ). Continuous vagal 
activity or vagal tone acts as a brake on the heart. The greater 
the vagal activity, the slower the heart rate. Increased vagal 
tone is often associated with an acute inferior myocardial 
infarction. If vagal activity diminishes, the heart rate will 
increase. If the vagal tone is completely blocked, the heart rate 
would be approximately 150 beats per minute (Green,  1991 ). 
Atropine blocks the action of the vagus nerve. This causes an 
increase in heart rate.  

   •      Sympathetic nerve:     supplies the SA node, AV node, atria and 
ventricles (Waugh  &  Grant,  2007 ). Sympathetic nerve activity 
( ‘ fi ght and fl ight ’ ) has a positive chronotropic action on the 
heart, i.e. it increases the heart rate. It is particularly active in 
periods of emotional excitement, exercise and stress. Beta 
blockers shield the heart from sympathetic nerve activity 
resulting in a decrease in heart rate, blood pressure and myo-
cardial workload.      

  CHAPTER  S UMMARY 
 The conduction system in the heart comprises specialised cardiac 
cells, which initiate and conduct impulses, providing a stimulus 
for myocardial contraction. This chapter has provided an over-
view to the conduction system. The basic principles of cardiac 
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electrophysiology have been discussed. The conduction system 
has been described together with how the ECG relates to cardiac 
contraction.  
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 Principles of 

 ECG  Monitoring     

   INTRODUCTION 
 An electrocardiogram (ECG) ( electro   –  relating to or caused by 
electricity,  cardio   –  from the Greek word kardia  ‘ heart ’  and gram 
 –  from the Greek word gramma  ‘ thing written ’ ) can be defi ned 
as a record or display of a person ’ s heartbeat produced by 
electrocardiography (Soanes  &  Stevenson,  2006 ). 

 Electrocardiography is the measurement of electrical activity in 
the heart (using an electrocardiograph, e.g. cardiac monitor, ECG 
machine) and recording it as a visual trace, either on paper or on 
an oscilloscope screen, by placing electrodes on the skin (Soanes 
 &  Stevenson,  2006 ). 

 ECG monitoring is one of the most valuable diagnostic tools in 
modern medicine (Drew  et al. ,  2005 ). The goals of ECG monitor-
ing in hospital settings have expanded from simple heart rate and 
basic rhythm interpretation to the diagnosis of complex cardiac 
arrhythmias, myocardial ischaemia and prolonged QT interval 
(Drew  et al. ,  2005 ). 

 ECG monitoring must be meticulously undertaken. Potential 
consequences of poor technique include misinterpretation of 
cardiac arrhythmias, mistaken diagnosis, wasted investigations 
and mismanagement of the patient (Drew  et al. ,  2005 ). 

 The aim of this chapter is to understand the principles of ECG 
monitoring.  

  LEARNING OUTCOMES 
 At the end of the chapter the reader will be able to: 

   ❑      Outline the historical background to ECG monitoring.  
   ❑      Discuss how the ECG relates to cardiac contraction.  

2
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   ❑      List the indications for ECG monitoring.  
   ❑      State the common features of a cardiac monitor.  
   ❑      Describe the positioning of ECG electrodes.  
   ❑      Describe the procedure for cardiac monitoring.  
   ❑      Discuss the problems associated with cardiac monitoring.  
   ❑      Outline the principles of exercise testing.     

  HISTORICAL BACKGROUND TO  ECG  MONITORING 
  Invention of the  ECG  

 The current generated by the conduction system in the heart 
was fi rst recorded in humans by Augustus Waller at St Mary ’ s 
Hospital, London, in 1887 (Waller,  1887 ). He had used a 
Lippmann capillary electrometer, which had revealed two 
defl ections: he labelled these two waves V1 and V2 according to 
the anatomical parts of the heart that had produced them (i.e. 
ventricles) (Hurst,  1998 ). Unfortunately, Waller did not recog-
nise the clinical importance and signifi cance of his discovery 
(Sykes  &  Waller,  1887 ). 

 It fell to Willem Einthoven from The Netherlands to refi ne 
Waller ’ s techniques in the early 1900 ’ s and generate a clinically 
relevant ECG (Hurst,  1998 ; Khan,  2004 ). It is for this reason that 
Einthoven is generally recognised as the father of ECG (Khan, 
 2004 ; Snellen,  1995 ). 

 Using a Lippmann capillary electrometer, Einthoven also 
recorded two waves generated by the ventricles, but originally 
labelled them A and B; when he subsequently recorded a wave 
generated by the atria, he labelled it P after Descartes ’  use of the 
letter P to designate a point on a curve (Ren é  Descartes was a 
seventeenth century French philosopher and mathematician, 
who invented analytical geometry and used the letters PQRST to 
denote points on curves he drew) (Hurst,  1998 ). 

 Einthoven subsequently used PQRST to label the waves, which 
is still in use today (Snellen,  1995 ). It has been suggested that 
Einthoven chose the letters from the centre of the alphabet 
because he did not know whether other waves preceding 
the P wave and following the T wave would be subsequently 
discovered as recording instruments improved (Hurst,  1998 ); in 
fact, he subsequently discovered the U wave a few years later 
(Snellen,  1995 ).  
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  Brief  h istory of  c oronary  c are  u nits 

 The emergence of cardiopulmonary resuscitation (CPR) and defi -
brillation in the 1960s led to the introduction of hospital coronary 
care units in Kansas City (Day,  1963 ) and Toronto (Brown  et al. , 
 1963 ). The aim of these fi rst coronary care units (CCUs) was to 
reduce mortality from acute myocardial infarction (AMI) (Quinn 
 &  Thompson,  1999 ). Pioneering cardiologists recognised the 
threat of cardiac arrest due to malignant arrhythmias in the 
post - myocardial infarction setting, and developed techniques for 
successful external defi brillation (Khush  et al. ,  2005 ). 

 The experience of hospital coronary care units demonstrated 
that the majority of deaths occurred from ventricular fi brillation, 
a treatable arrhythmia (Pantridge  &  Wilson,  1996 ). Arrhythmia 
monitoring, CPR and defi brillation were performed by coronary 
care trained nursing staff, thus eliminating delays in treatment 
and signifi cantly reducing mortality. It was claimed that coronary 
care units reduced the hospital mortality from 30% to 20% 
(Pantridge,  1970 ). 

 However, most of the deaths complicating acute myocardial 
infarction occurred in the community. Researchers in Seattle 
reported that 63% of deaths from coronary heart disease in 
persons  < 50 years of age occurred within one hour of the onset 
of symptoms (Bainton  &  Peterson,  1963 ).This was recognised by 
Pantridge, a pioneering Belfast cardiologist, who in 1965 estab-
lished a mobile coronary care ambulance equipped with the 
world ’ s fi rst portable defi brillator. 

 These early triumphs in aborting sudden death led to the devel-
opment of techniques to treat cardiogenic shock, limit myocardial 
infarct size and initiate pre - hospital coronary care, all of which 
laid the foundation for the current era of interventional cardiology 
(Khush  et al. ,  2005 ). ECG monitoring is still a fundamental part of 
coronary care nursing today, just as it was in the 1960s.   

  HOW THE  ECG  RELATES TO CARDIAC CONTRACTION 
 Figure  2.1  depicts how the ECG relates to cardiac contraction and 
is as follows: 

  (1)     The SA node fi res and the electrical impulse spreads across 
the atria, resulting in atrial contraction (P wave).  
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  (2)     On arriving at the AV node the impulse is delayed, allowing 
the atria time to fully contract and eject blood into the ven-
tricles. This brief period of absent electrical activity is repre-
sented on the ECG by a straight (isoelectric) line between the 
end of the P wave and the beginning of the QRS complex. The 
PR interval represents atrial depolarisation and the impulse 
delay in the AV node prior to ventricular depolarisation.  

  (3)     The impulse is then conducted down to the ventricles through 
the bundle of His, right and left bundle branches and Purkinje 
fi bres causing ventricular depolarisation and contraction 
(QRS complex).  

  (4)     The ventricles then repolarise (T wave).      

  Sinus  r hythm 

 Sinus rhythm (shown in Figure  2.2 ) is the normal rhythm of the 
heart. The impulse originates in the SA node (i.e.  ‘ sinus ’ ) at a 
regular rate of 60 – 100 per minute. Each impulse is conducted 
down the normal pathways to the ventricles without any abnor-
mal conduction delays. It may sometimes present as a cardiac 
arrest, but without a resultant cardiac output (pulseless electrical 
activity) (see    page 164 ).   

 Identifying features on the ECG: 

   •       Electrical activity : present.  
   •       QRS rate : 60 – 100 per min.  
   •       QRS rhythm : regular.  
   •       QRS width : normal width and morphology.  
   •       P waves : present and of constant morphology.  
   •       Relationship between P waves and QRS complexes : each P wave is 

followed by a QRS complex and each QRS complex is pro-
ceeded by a P wave. PR interval normal and constant.      

  INDICATIONS FOR  ECG  MONITORING 
 Since the introduction of ECG monitoring in hospital and the 
establishment of coronary care units in the 1960s (Day,  1963 ), the 
goals of monitoring have expanded from simple heart rate and 
basic rhythm monitoring to the diagnosis of complex arrhyth-
mias, the detection of myocardial ischaemia, and the identifi ca-
tion of a prolonged QT interval (Drew  et al. ,  2005 ). 
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     Figure 2.2     Sinus rhythm.  

     Figure 2.1     The ECG and its relation to cardiac contraction.  
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 ECG monitoring (see Figure  2.3 ) has seen major developments, 
including computerised arrhythmia detection algorithms, ST -
 segment/ischaemia monitoring software, improved noise reduc-
tion strategies, multilead monitoring, and reduced lead sets for 
monitoring derived 12 lead ECGs with a minimal number of 
electrodes (Dower  et al. ,  1988 ; Drew  et al. ,  2002; 2005 ).   

 Myocardial ischaemia is now aggressively treated; strategies to 
prevent infarction or to reduce infarct size rely heavily on health-
care professionals being able to identify myocardial ischaemia in 
emergency departments and to provide ongoing close monitor-
ing to detect recurrent ischaemia in coronary care units etc. (Drew 
 et al. ,  2005 ). 

 The introduction of electrophysiological interventions, e.g. 
catheter ablation, biventricular pacing and implantable cardio-
verter defi brillators, requires healthcare professionals to be able 
to analyse ECG monitoring data for evidence of device malfunc-
tion and suboptimal device programming (Drew  et al. ,  2005 ). 

     Figure 2.3     ECG monitoring.  
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 Drugs have been introduced that can cause prolongation of 
ventricular repolarisation; healthcare professionals need to be 
able to recognise a prolonged QT interval. Failure to do so could 
result in malignant ventricular arrhythmias, e.g. torsades de 
pointes (Drew  et al. ,  2005 ). 

  American  C ollege of  C ardiology  g uidelines 

 The American College of Cardiology Emergency Cardiac Care 
Committee has devised the following classifi cation for indica-
tions for ECG monitoring: 

   •      Class I: ECG monitoring is indicated in most, if not all, patients 
in this group.  

   •      Class II: ECG monitoring may be of benefi t in some patients 
but is not considered essential for all patients.  

   •      Class III: ECG monitoring is not indicated because a patient ’ s 
risk of a serious event is so low that monitoring has no thera-
peutic benefi t. 

  (Mirvis  et al. ,  1989 )      

  Class  I   g roup of  p atients 

 These patients are at signifi cant risk of developing a life - 
threatening cardiac arrhythmia and include: 

   •      Post - successful cardiopulmonary resuscitation.  
   •      Acute coronary syndromes.  
   •      Newly diagnosed high - risk coronary lesions.  
   •      Following cardiac surgery.  
   •      Following cardiac pacing.  
   •      Second or third degree AV block.  
   •      Long - QT syndrome and associated ventricular arrhythmias.  
   •      During intra - aortic balloon counterpulsation.  
   •      Acute heart failure.  
   •      Transfer to intensive care.  
   •      During diagnostic/therapeutic procedures requiring conscious 

sedation or anaesthesia.  
   •      Drug overdose (if there is a risk of pro - arrhythmic complica-

tions). 
  (Sources: Drew  et al. ,  2005 ; Jevon,  2006 )      
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  Class  II   g roup of  p atients 

 ECG monitoring may be benefi cial in some, but not all, of the 
following patients: 

   •      Post - acute myocardial infarction: whether to continue moni-
toring acute MI patients from 24 to 48 hours following admis-
sion is controversial (Drew  et al. ,  2005 ).  

   •      Chest pain, but no diagnostic EGG fi ndings or elevated 
biomarkers.  

   •      Receiving anti - arrhythmic drug therapy for chronic atrial 
fi brillation when it is being titrated according to the response.  

   •      Following the insertion of a permanent pacemaker, but is not 
pacemaker dependent.  

   •      Following uncomplicated catheter ablation.  
   •      Post - routine coronary angiography.  
   •      Heart failure.  
   •      History of syncope.  
   •      Do Not Attempt Resuscitate order in place, but patient has a 

cardiac arrhythmia causin g  him discomfort. 
  (Sources: Drew  et al. ,  2005 ; Jevon,  2006 )      

  Class  III   g roup of  p atients 

 ECG monitoring is not indicated in this group of patients because 
the risk of a serious event is so low that monitoring has no thera-
peutic benefi t. There are many such situations including: 

   •      Post - uncomplicated surgical procedures in patients who are at 
low risk for cardiac arrhythmias.  

   •      Obstetric patients, unless there is existing heart disease.  
   •      Permanent, rate - controlled atrial fi brillation. 

  (Sources: Drew  et al. ,  2005 ; Jevon,  2006 )       

  COMMON FEATURES OF A CARDIAC MONITOR 
 The bedside cardiac monitor (see Figure  2.4 ) or oscilloscope 
provides a continuous display of the patient ’ s ECG and has the 
following common features: 

   •       Screen for displaying the ECG trace , a dull/bright switch can be 
adjusted if the screen is too light or too dark.  
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   •       ECG printout facility , to record cardiac arrhythmias (invaluable 
for both diagnosis and record keeping purposes).  

   •       Heart rate counter , to calculate the heart rate (counts the QRS 
complexes).  

   •       Monitor alarms , to alert the healthcare professional to changes 
in heart rate to outside pre - set limits. Some cardiac monitors 
can identify important cardiac arrhythmias and changes in the 
ST segment, and alarm accordingly.  

   •       Lead select switch , to select the desired monitoring lead, e.g. lead 
II.  

   •       ECG gain , to alter the size of the ECG complex. If it is set too 
low or too high the ECG trace can become unrecognisable, 
either too small or distorted, leading to the possibility of 
misinterpretation (see Figure  2.5   ).       

  POSITIONING OF  ECG  ELECTRODES 
 An electrode can be defi ned as a conductor through which electri-
cal current enters or leaves an object (Soanes  &  Stevenson,  2006 ). 

     Figure 2.4     Bedside cardiac monitor.  
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     Figure 2.5     Effects of incorrect ECG gain setting. (a) 10   mm/1   mV  –  standard setting; ECG complexes adequate size. (b) 40   mm/1   mV  –  ECG 
complexes too large; cardiac monitor mistook the P and T waves for QRS complexes, resulting in continuous false - high heart rate alarms. 
(c) 2   mm/1   mV  –  ECG complexes too small; cardiac monitor did not recognise QRS complexes, resulting in continuous false asystole 
alarms. Also diffi culties may be encountered interpreting cardiac arrhythmias when the gain is set too low.  
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The correct positioning of ECG electrodes is crucial for obtaining 
accurate information from any monitoring lead (Jacobson,  2000 ). 
Whether a three or a fi ve ECG cable monitoring system is used 
will depend upon the patient, the desired monitoring lead(s), local 
protocols, the manufacturer ’ s recommendations and what actu-
ally needs to be monitored, e.g. cardiac arrhythmias, ST segment. 

  Three  ECG   c able  s ystem 

 The standard positioning of ECG electrodes when using a three 
ECG cable monitoring system is: 

   •       Red ECG cable : below the right clavicle.  
   •       Yellow ECG cable : below the left clavicle.  
   •       Green ECG cable : left lower thorax/hip region.    

 This is shown in Figure  2.6 .   

     Figure 2.6     Three ECG cable system.  
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 These bipolar leads, which record the potential difference 
between two electrodes, can be used to monitor lead I, lead 
II, lead III or a modifi ed chest lead such as MCL1 (Drew  et al. , 
 2005 ). 

 Bipolar lead monitoring can be used to track heart rate, for 
basic arrhythmia monitoring, to detect R waves for synchronised 
electrical cardioversion and to detect ventricular fi brillation 
(Drew  et al. ,  2005 ). Lead II is usually selected (Resuscitation 
Council UK,  2006 ). 

 However, this type of monitoring is inadequate for sophisti-
cated monitoring of cardiac arrhythmias because it doesn ’ t 
contain lead V1 (Drew  et al. ,  2005 ). Lead V1 is considered the best 
lead for diagnosing right and left bundle - branch block, to confi rm 
proper right ventricular pacemaker location in temporary trans-
venous pacing, and to distinguish between ventricular tachycar-
dia and supraventricular tachycardia with aberrant conduction 
(Drew  et al. ,  2005 ). 

 Some clinical areas prefer to monitor on MCL1 (modifi ed chest 
lead 1, i.e. bipolar substitute for V1) as recommended by Marriott 
 (1988) . The positioning of ECG electrodes is: 

   •       Black ECG cable : right shoulder.  
   •       Red ECG cable : left shoulder.  
   •       Yellow ECG cable : fourth intercostal space, just to the right of 

the sternum, i.e. corresponding to V1.    

 However, the reliability of QRS morphology using MCL1 
monitoring has been questioned (60% accuracy); it is therefore 
not recommended for diagnosing wide QRS complex tachycardia 
(Drew  &  Scheinman,  1995 ).  

  Five  ECG   c able  s ystem 

 ECG monitoring using a fi ve ECG cable system is becoming more 
popular. The main advantage of this system is that different ECG 
leads can be monitored simultaneously. This is particularly useful 
when analysing cardiac arrhythmias and ST segments as it pro-
vides an alternative view of the waveform. Cardiac monitors with 
this lead system often have two channels for ECG display, i.e. one 
limb lead and one precordial lead can be displayed simultane-
ously (Drew  et al. ,  2005 ). 
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 The standard positioning for ECG electrodes is illustrated in 
Figure.  2.7  and is as follows: 

   •       RA (red ECG cable) : below the right clavicle.  
   •       LA (yellow ECG cable) : below the left clavicle.  
   •       RL (black ECG cable) : right lower thorax/hip region.  
   •       LL (green ECG cable) : left lower thorax/hip region.  
   •       (white ECG cable) : on the chest in the desired V position, usually 

V1 (4th intercostal space just right of the sternum. NB in Figure 
 2.7  the V2 position has been utilised). 

  (Drew  et al. ,  2005 )        

  Ten  c able  M ason -  L ikar 12  l ead  ECG   s ystem 

 In 1966, Mason and Likar proposed a variation on the positioning 
of the standard limb electrodes (chest electrodes to remain in the 
standard position), when undertaking 12 lead ECG exercise stress 
testing (Mason  &  Likar,  1966 ). Instead of attaching wires to the 
wrists and ankles, where excessive movement during exercise 

     Figure 2.7     Five ECG cable system.  
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testing could result in interference and unreadable ECG traces 
(limb leads), they suggested: 

   •       RA (red ECG cable) : right infraclavicular fossa medial to the 
border of the deltoid muscle.  

   •       LA (yellow ECG cable) : left infraclavicular fossa medial to the 
border of the deltoid muscle.  

   •       RL (black ECG cable) : left iliac fossa.  
   •       LL (green ECG cable) : anywhere, but usually right iliac fossa. 

  (Source: Drew  et al. ,  2005 )     

 The above confi guration is frequently used when undertaking 
ECG monitoring using a fi ve cable system (see above). The dis-
advantage of the Mason - Likar lead system for ECG monitoring 
is that ten electrodes are required and the six precordial elec-
trodes often interfere with diagnostic (e.g. echocardiograms, 
chest X - rays) and emergency (defi brillation sites) procedures. 
In addition, the precordial sites are diffi cult to maintain in 
women with large breasts and men with hairy chests (Drew  et al. , 
 2005 ).  

   EASI  12  l ead  ECG   m onitoring 

 The conventional 12 lead ECG using ten electrodes attached 
to the limbs and chest is recognised as the current medical stan-
dard for the identifi cation, analysis and confi rmation of many 
cardiac abnormalities, including cardiac arrhythmias and cardiac 
ischaemia/infarction. If 12 lead ECG monitoring is undertaken 
on a continual basis, the benefi ts include: 

   •      Facilitating the accurate recognition of cardiac arrhythmias.  
   •      Enabling the monitoring of the mid - precordial leads, which is 

particularly important for the detection and management of 
ischaemia.  

   •      Enabling the recording of  transient  ECG events of particular 
diagnostic or therapeutic importance.  

   •      Enabling the differentiation between post - PTCA ischaemia 
and occlusion.    

 Unfortunately, the use of a conventional 12 lead ECG system 
using ten electrodes for continuous cardiac monitoring is cumber-
some and generally not practical in the clinical area. However, 
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the EASI system, a new concept in 12 lead ECG monitoring, 
requires the use of only fi ve electrodes: 

   •       E  electrode on the lower sternum at the level of the fi fth inter-
costal space.  

   •       A  on the left midaxillary line on the same level as the E 
electrode.  

   •       S  electrode on the upper sternum.  
   •       I  on the right midaxillary line on the same level as the E 

electrode.    

 A fi fth ground electrode can be placed anywhere. The system 
is illustrated in Figure  2.8 .   

 The EASI system for 12 lead ECG (Philips) monitoring using 
only fi ve electrodes is less cumbersome and more practical than 

     Figure 2.8     EASI system for 12 lead ECG monitoring system.  Reproduced by kind 
permission of Philips Healthcare.   
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the standard ten electrode system. It is therefore more comfort-
able for the patient. In addition it will not interfere with such 
procedures as cardiac auscultation, CPR, defi brillation and 
echocardiography.  

  Selection of  ECG   m onitoring  l eads 

 When undertaking cardiac monitoring to diagnose cardiac 
arrhythmias or to detect changes in the cardiac axis, it is impor-
tant to select an ECG monitoring lead that clearly displays atrial 
and ventricular activity. The R wave confi guration should be at 
least double the amplitude of the T wave, so that the heart rate 
will be accurately displayed and computer rhythm analysis will 
be correct (Thompson,  1997 ). 

 Lead II provides upright positive waveforms with good visu-
alisation of the P waves. It is used for analysing atrial arrhyth-
mias, differentiating between atrial and junctional arrhythmias, 
AV blocks and atrial pacing. It is recommended during cardio-
pulmonary resuscitation. Lead II can be viewed using either of 
the above ECG electrode positions. 

 MCL1 (modifi ed chest lead, V1) enables differentiation between 
ventricular and supraventricular arrhythmias and identifi cation 
of bundle branch blocks (Meltzer  et al. ,  1983 ). However, it does 
not enable the recognition of changes in the cardiac axis. MCL1 
can be viewed using the ECG electrode position described for the 
fi ve ECG cable monitoring system or with a modifi ed ECG elec-
trode position for using a three ECG cable system.   

  PROCEDURE TO ESTABLISH  ECG  MONITORING 
 ECG monitoring is performed in a wide variety of clinical set-
tings, including critical care, coronary care, A  &  E, acute medical/
surgical wards, high risk obstetric cases, cardiac catheterisation, 
theatre and recovery. The goals and methods of ECG monitoring 
can differ, e.g. in A  &  E, ST segment monitoring is important in 
acute coronary care syndromes (Drew  et al. ,  2005 ), i.e. an appro-
priate monitoring system will be required, such as fi ve cable or 
EASI system (see above). 

 Correct electrode placement and adequate skin preparation are 
important to ensure an accurate and reliable ECG trace (Sharman, 
 2007 ). Examples of incorrect treatment due to inaccurate or poor 
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ECG monitoring techniques have been reported in the literature, 
e.g. unnecessary cardiac catheterisation because of false ST - 
segment monitor alarms (Drew  et al. ,  2001 ), unnecessary electro-
physiology testing and device implantation because of muscle 
artefact simulating ventricular tachycardia (Knight  et al. ,  1999 ). 

 A suggested procedure to establish ECG monitoring is as 
follows: 

  (1)     Ascertain why ECG monitoring is required.  
  (2)     Explain the procedure to the patient, as it can be quite daunt-

ing (Sharman,  2007 ).  
  (3)     If necessary, carefully shave the chest to remove excess chest 

hair (Drew  et al. ,  2005 ) (always obtain patient consent fi rst), 
as this will help ensure better contact and also make it less 
uncomfortable for the patient when removing the ECG elec-
trodes (Perez,  1996 ). Care should be taken when shaving, 
because if the skin is grazed there is a risk of infection 
(because of this some authorities suggest cutting chest hair 
instead of shaving) (Sharman,  2007 ).  

  (4)     Reduce skin oil and debris by gently rubbing the skin with 
alcohol or some gauze (see Figure  2.9   ) (Navas,  2003 ). Mild 
abrasion of the skin will reduce impedance between the skin 
and electrode, thus reducing interference (Thompson,  1997 ). 
Some clinical areas use a specially designed material to do 
this.  

     Figure 2.9     Establishing ECG monitoring: prepare the chest.  Reproduced by kind 
permission of Ambu.   
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  (5)     Ensure the skin is dry. This will help the ECG electrodes to 
adhere to the skin.  

  (6)     Check the ECG electrodes (see Figure  2.10   ). They should be 
in date and still moist, not dry.  

  (7)     Remove the protective backing from the ECG electrodes and 
expose the gel disc (see Figure  2.11   ).  

  (8)     Apply the ECG electrodes to the patient ’ s chest following 
locally agreed protocols. The electrodes should lie fl at. If the 
electrodes have an offset connector (to absorb tugs) these 
should be pointed towards the ECG cables.  

  (9)     Smooth down the adhesive area with a circular motion (see 
Figure  2.12   ). Avoid pressing on the gel disc itself as this may 
result in a decrease in electrode conductivity and adherence 
(Thompson,  1997 ).  

  (10)     Attach the ECG cables to the electrodes (see Figure  2.13   ). 
(NB If  ‘ snap - on ’  ECG cables are being used with central 

     Figure 2.10     ECG electrode.  Reproduced by kind permission of Ambu.   

     Figure 2.11     Establishing ECG monitoring: remove the backing from the ECG elec-
trodes.  Reproduced by kind permission of Ambu.   
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stud electrodes, connect them up before application to the 
patient ’ s skin.).  

  (11)     Switch the cardiac monitor on and select the required moni-
toring ECG lead.  

  (12)     Ensure the ECG trace is clear. Rectify any diffi culties encoun-
tered (see below).  

  (13)     Set the alarms within safe parameters following locally 
agreed protocols and appropriate to the patient ’ s clinical 
condition (Docherty,  2003 ; Drew  et al. ,  2005 ). The alarm 
settings are usually set at  < 50/min and  > 120/min (Docherty, 
 2003 ).  

     Figure 2.12     Establishing ECG monitoring: smooth down the adhesive area.  Repro-
duced by kind permission of Ambu.   

     Figure 2.13     Establishing ECG monitoring: attach the ECG cables to the electrodes. 
 Reproduced by kind permission of Ambu.   
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  (14)     Anchor the ECG cables. They should not be allowed to pull 
on the ECG electrodes.  

  (15)     Position the cardiac monitor so it is clearly visible.  
  (16)     Document in the patient ’ s notes that cardiac monitoring has 

commenced and the ECG rhythm identifi ed.  
  (17)     Regularly monitor the electrode sites for signs of allergy  –  

redness, itching and erythema. ECG electrodes should be 
regularly replaced (Sharman,  2007 ). (Main source for this 
text: Jevon,  2006 ).    

  Infection  c ontrol  i ssues 

 There is a potential risk for infection from reusable ECG wires 
that are poorly decontaminated between patients (Brown,  2006 ). 
Contaminated ECG wires had previously been cited as a source 
of an outbreak of vancomycin - resistant enterococci (Falk  et al. , 
 2000 ). In a small study, 77% of supposedly clean wires were 
found to be contaminated with antibiotic - resistant bacteria 
(Jancin,  2004 ). 

 It is important to ensure that local infection control policies 
advise on how to clean wires after use; for example, using a 
hospital - grade disinfectant according to manufacturer ’ s instruc-
tions (Houghton,  2006 ).  

  Telemetry 

 Telemetry (see Figure  2.14 ) is a convenient method of monitoring 
the ECG while the patient is mobilising. ECG electrodes are con-
nected to a small portable transmitter, which the patient carries 
around in a pyjama pocket or pouch.   

 The radio signals are transmitted to a central console (normally 
on CCU) (see Figure  2.15 ) where any important cardiac arrhyth-
mias can be identifi ed. The advantage of this system is that 
patients can be mobilised in the early period following a myo-
cardial infarction yet still benefi t from close cardiac monitoring 
(Jowett  &  Thompson,  1995 ). It also frees up monitored CCU beds 
(Thompson,  1997 ).    

  Ambulatory  c ardiac  m onitoring (24 -  h our  t ape) 

 There are limitations to ECG monitoring when investigating 
paroxysmal cardiac arrhythmias (Kennedy,  1992 ). To overcome 
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     Figure 2.14     Telemetry.  

     Figure 2.15     Central console.  
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these, ambulatory cardiac monitoring has been developed (Petch, 
 1985 ). 

 Ambulatory cardiac monitoring is designed to identify tran-
sient disturbances in the ECG rhythm, rate and conduction, 
together with any associated symptoms (DiMarco  &  Philbrick, 
 1990 ). It can help to assess the effectiveness of anti - arrhythmic 
drug therapy, detect ischaemia and determine prognosis (Mickley, 
 1994 ). 

 The patient is asked to continue with normal daily activities. A 
patient diary should be kept and any episodes of pain, dizziness, 
palpitations, syncope, etc., together with exact timings, should be 
recorded. Some machines have an  ‘ event marker ’  button which 
the patient can press at the onset of symptoms. 

 A typical 24 - hour tape will record 100,000 QRS complexes for 
analysis. Fortunately, high - speed electrocardioscanners are able 
to replay the tape in a matter of minutes (Jowett  &  Thompson, 
 1995 ). Areas of interest can be printed out, particularly ECG strips 
during periods when the patient experienced symptoms. 

 Best practice ECG monitoring includes the following: 

   •      Ensure adequate skin preparation.  
   •      Use ECG electrodes that are in date with moist gel sponge.  
   •      Position ECG electrodes and select monitoring lead following 

locally agreed protocols.  
   •      Set cardiac monitor alarms according to the patient ’ s clinical 

condition.  
   •      Ensure the ECG trace is accurate.  
   •      Ensure the cardiac monitor is visible.      

  PROBLEMS ASSOCIATED WITH  ECG  MONITORING 
 There are numerous problems associated with ECG monitoring; 
some are due to the limitations of the monitoring system itself, 
whereas others are due to poor technique (Meltzer  et al. ,  1983 ). 
Potential problems that may be encountered are described below. 

   ‘ Flat  l ine ’   t race 

 Check the patient! The most likely cause is mechanical. Check 
that the: 
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   •      Correct ECG monitoring lead is selected (usually lead II).  
   •      ECG gain is set correctly.  
   •      Electrodes are in date and the gel sponge is moist, not dry.  
   •      ECG cables are properly connected to the electrodes.  
   •      ECG cables are not broken and are plugged into the monitor.     

  Poor  q uality  ECG   t race 

 If the ECG trace quality is poor, check the: 

   •      Connections.  
   •      Brightness display.  
   •      Electrodes are in date and that the gel sponge is moist, not dry 

(Perez,  1996 ).  
   •      Electrodes are properly attached.    

 If there are still diffi culties obtaining a clear ECG trace, wiping 
the skin with an alcohol swab may help. If the patient is sweating 
profusely, the application of a small amount of tincture benzoin 
to the skin, leaving it to dry before applying the electrodes, is 
recommended (Jowett  &  Thompson,  1995 ). As electrodes tend to 
dry out after about three days, they should be changed at least 
that often, though every 24 hours may be optimum to maintain 
skin integrity (Perez,  1996 ).  

  Voluntary  p atient  m ovement  a rtefact or  w andering 

 ECG   b aseline 

 Voluntary patient movement artefact or wandering ECG baseline 
(ECG trace going up and down) (see Figure  2.16 ) is usually 

     Figure 2.16     Voluntary patient movement artefact.  Reproduced by kind permission 
of Ambu.   
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caused by patient movement, particularly by respiration. If res-
piration is the cause and the problem is not transient, reposition 
the electrodes away from the lower ribs (Meltzer  et al. ,  1983 ). If it 
occurs in obese patients, it is diffi cult to correct.    

  Involuntary  p atient  m ovement  a rtefact 

 Involuntary patient movement artefact is usually caused by a 
tremor, e.g. if the patient is cold or nervous (see Figure  2.17 ). The 
patient should be reassured and kept warm. If the patient has a 
tremor associated with Parkinson ’ s disease, very little can be 
done to remedy the artefact.    

  Electrical  i nterference 

 Electrical interference, e.g. from bedside infusion pumps, can 
cause a  ‘ fuzzy ’  appearance on the ECG trace, making it diffi cult 
to interpret. Remove the source of the interference if possible.  

  Loose  e lectrode 

 A wandering baseline, together with sudden breaks in the signal 
(see Figure  2.18 ), often indicates a loose electrode. Causes include 
incorrect positioning, e.g. over a joint, and poor electrode site, e.g. 
hairy skin or dry, not moist electrode.    

  Small  ECG   c omplexes 

 Sometimes the ECG complexes may be too small and unrecogni-
sable (see Figure  2.5 ). Possible causes include pericardial effusion, 

     Figure 2.17     Involuntary patient movement artefact.  Reproduced by kind permission 
of Ambu.   
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obesity and hypothyroidism. However, sometimes a technical 
problem is the cause. Check that the ECG gain is correctly set and 
the desired ECG monitoring lead has been selected; repositioning 
the electrodes or selecting another ECG monitoring lead some-
times helps.  

  Incorrect  h eart  r ate  d isplay 

 If the ECG complexes are too small, a false - low heart rate may be 
displayed. Large T waves (see Figure  2.5 ), muscle movement and 
interference can be mistaken for QRS complexes, resulting in a 
false - high heart rate being displayed. The nurse must be alert to 
the possibility of inaccurate heart rate readings, especially those 
that might be caused by poor electrode contact and interference 
(Ren  et al. ,  1998 ). To minimise the potential for inaccuracies, a 
good quality ECG trace should be obtained.  

  False  a larms 

 Frequent false alarms will undermine the rationale for setting 
alarms and will cause undue anxiety for the patient. It is impor-
tant to ensure that the alarms are correctly and appropriately set. 
An accurate ECG trace will reduce the frequency of false alarms. 
A poor connection (see Figure  2.19 ) can also lead to false alarms.    

  Skin  i rritation 

 ECG electrodes can cause skin irritation. The electrode sites 
should be regularly examined for redness, itching and erythema. 

     Figure 2.18     Loose electrode.  Reproduced by kind permission of Ambu.   
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If the patient ’ s skin appears irritated, select another site for elec-
trode placement (Paul  &  Hebra,  1998 ). If necessary, use hypoal-
lergenic ECG electrodes (Thompson,  1997 ). Regularly replace the 
ECG electrodes (Sharman,  2007 ).   

  PRINCIPLES OF EXERCISE STRESS TESTING 
 Exercise stress testing, fi rst introduced in the 1940s (Master  et al. , 
 1942 ), has traditionally been used for the diagnosis of coronary 
artery disease. However, it is now equally important in the 
assessment of patients with known disease (Detry  &  Fox, 
 1996 ). 

 It provides an accurate physiological evaluation of coronary 
fl ow reserve, which, in terms of prognosis, becomes more signifi -
cant than simply the number of anatomical lesions (Detry  &  Fox, 
 1996 ). 

 The main aims of exercise testing are to: 

   •      Provoke symptoms, e.g. chest pain and dyspnoea.  
   •      Identify ECG changes associated with progressive workload.  
   •      Determine maximum workload.  
   •      Assess prognosis. 

  (Jowett  &  Thompson,  1995 )     

 Generally the early onset of angina with signifi cant and wide-
spread ST depression, slow recovery and a poor blood pressure 
response are indicative of severe coronary artery disease (Jowett 
 &  Thompson,  1995 ). 

     Figure 2.19     Poor electrode contact.  Reproduced by kind permission of Ambu.   
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 There are numerous exercise protocols available for diagnostic 
and prognostic assessment during exercise testing (Detry  &  Fox, 
 1996 ). However, the Bruce protocol (Bruce  et al. ,  1963 ) is the most 
widely used (Detry  &  Fox,  1996 ). It is suitable for routine use and 
produces a rapid increase in progressive workload (Jowett  &  
Thompson,  1995 ). For patients with known coronary artery 
disease, the slower Naughton protocol (Naughton  et al. ,  1964 ) 
may be better suited (Jowett  &  Thompson,  1995 ). 

 Contraindications to exercise testing include unstable angina, 
severe hypertension, anaemia, electrolyte imbalances and serious 
cardiac arrhythmias (Jowett  &  Thompson,  1995 ). As life - threaten-
ing cardiac arrhythmias, e.g. ventricular fi brillation, can occur 
during the test (Irving  et al. ,  1977 ), it is important to ensure that 
adequate resuscitation facilities are available. National guidelines 
are available when undertaking exercise testing without direct 
medical supervision (British Cardiac Society,  1993 ). 

  Myoview  s tress  t est 

 Myoview stress tests using adenosine or dobutamine are ideal for 
patients who are unable to tolerate going on a treadmill. The drug 
is administered intravenously to simulate a stress condition on 
the heart by vasodilation. Resultant myocardial ischaemia is 
assessed by differences in uptake of a radio - isotope in addition 
to 12 lead ECG monitoring.   

  CHAPTER SUMMARY 
 This chapter has provided an overview to the principles of ECG 
monitoring. The indications for cardiac monitoring, common fea-
tures of a cardiac monitor, ECG electrode placement, procedure 
for cardiac monitoring together with problems associated and 
what the ECG trace records, have been discussed. 

 ECG monitoring must be meticulously undertaken. Conse-
quences of poor technique could include misinterpretation of 
cardiac arrhythmias, mistaken diagnosis, wasted investigations 
and mismanagement of the patient.  
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  ECG  Interpretation of 

Cardiac Arrhythmias     

   INTRODUCTION 
 Cardiac arrhythmia literally means total lack of rhythm. However, 
any cardiac rhythm that deviates from the normal sinus rhythm, 
regardless of the rhythm or whether it is due to a disturbance in 
impulse formation or impulse conduction, can be classifi ed as a 
cardiac arrhythmia. 

 Accurate ECG interpretation of cardiac arrhythmias is essential 
to ensure the most appropriate management. A systematic 
approach to ECG interpretation of cardiac arrhythmias is there-
fore paramount. 

 The aim of this chapter is to understand ECG interpretation of 
cardiac arrhythmias.  

  LEARNING OUTCOMES 
 At the end of the chapter the reader will be able to: 

   ❑      List the mechanisms of cardiac arrhythmias.  
   ❑      Discuss the classifi cation of cardiac arrhythmias.  
   ❑      Describe a six - stage approach for ECG interpretation of cardiac 

arrhythmias.     

  MECHANISMS OF CARDIAC ARRHYTHMIAS 
 There are several mechanisms that can lead to cardiac arrhyth-
mias. Each will now be discussed. 

  Altered  a utomaticity 

 Automaticity is the term used to describe the inherent ability of 
automatic or pacemaker cells to initiate electrical impulses. 
Altered automaticity can lead to changes in the rate of impulse 
generation by the SA node, e.g. sinus bradycardia and sinus 
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tachycardia. It is caused by either an increase in autonomic nerve 
activity or by SA node disease. 

 If the SA node rate falls or if its impulses are blocked, another 
group of automatic cells lower down in the conduction system 
may then take over as pacemaker of the heart, resulting in an 
escape rhythm.  

  Enhanced  a utomaticity 

 Enhanced automaticity may also cause arrhythmias. Causes 
of enhanced automaticity include increased sympathetic activity, 
myocardial ischaemia, digoxin toxicity, drugs, electrolyte imbal-
ances, hyperthermia, hypoxia, hypercapnia and acidosis.  

  Re -  e ntry 

 The re - entry mechanism is the most common cause of clinically 
signifi cant cardiac arrhythmias, including ventricular fi brillation 
and most cases of ventricular tachycardia (Tonkin,  1997 ). The 
re - entry mechanism is caused by a self - perpetuating  ‘ circus 
movement ’  of the cardiac impulse (see Figure  3.1 ). The re - entry 
mechanism requires: 

   •       Non - uniform refractoriness : this can create an area of unidirec-
tional block.  

   •       Slow conduction : the conduction time over the re - entry circuit 
should exceed the longest refractory period of any point in the 
circuit. 

  (Julian  &  Cowan,  1993 )       

 AV nodal re - entrant tachycardia is the commonest cause of 
paroxysmal regular narrow complex tachycardia (Esberger  et al. , 
 2008 ). AV re - entrant tachycardias can occur owing to the 
presence of an additional pathway, other than the AV junction, 
connecting the atria and the ventricles, e.g. bundle of Kent 
(Wolff - Parkinson - White syndrome). This accessory conduction 
pathway allows the atrial impulse to bypass the AV junction and 
activate the ventricles prematurely (ventricular pre - excitation) 
(Esberger  et al. ,  2008 ).  

  Triggered  a ctivity 

 Triggered activity requires a preceding stimulus to initiate 
depolarisation  –  afterdepolarisations are oscillations in the 
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     Figure 3.1     Re - entry causative mechanism of cardiac arrhythmias.  Reprinted from Morris F,  et al. ,  ABC of Clinical Electrocardiography , 
2nd edn, copyright 2008, with permission of Blackwell Publishing.   
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transmembrane potential that are induced by the preceding 
action potential (Tonkin,  1997 ). Arrhythmias caused by triggered 
activity include benign ventricular ectopics, torsades de pointes 
and ventricular fi brillation (Tonkin,  1997 ).  

  Reperfusion 

 Reperfusion arrhythmias can occur following spontaneous or 
drug - induced thrombolysis or coronary angiography (Tonkin, 
 1997 ). The duration and severity of ischaemia are thought to be 
key contributory factors. 

 There appear to be two distinct time - related mechanisms for 
reperfusion arrhythmias. Immediately following reperfusion, the 
 ‘ re - entry ’  mechanism, which can precipitate ventricular fi brilla-
tion, is signifi cant.  ‘ Triggered activity ’  and  ‘ enhanced automatic-
ity ’  are later mechanisms for reperfusion arrhythmias.  

  Conduction  d isturbances 

 Conduction disturbances or AV block (slowing down or complete 
blocking of an impulse) can occur within the AV junction or 
bundle branches. AV block complicates 10% of myocardial infarc-
tions (Jowett  &  Thompson,  1995 ). Conduction disturbances in the 
AV junction are usually associated with inferior myocardial 
infarction and those in the bundle branches with anterior myo-
cardial infarction.   

  CLASSIFICATION OF CARDIAC ARRHYTHMIAS 
 Cardiac arrhythmias can be classifi ed into one of two groups: 
those that result from a disturbance in impulse formation or those 
that result from a disturbance in impulse conduction (Meltzer 
 et al. ,  1983 ) (cardiac arrhythmias are discussed in this book 
according to this classifi cation). 

 Although this general classifi cation is helpful, it does have 
limitations as some arrhythmias may result from a disturbance 
both in impulse formation and conduction. 

  Arrhythmias  r esulting from a  d isturbance in 

 i mpulse  f ormation 

 Cardiac arrhythmias that result from a disturbance in impulse 
formation can be categorised according to their site of origin and 
mechanism of disturbance. 
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  Site of  o rigin 

     •       SA node : sinus rhythms, e.g. sinus bradycardia, sinus arrest.  
   •       Atria : atrial rhythms, e.g. atrial ectopics, atrial fi brillation.  
   •       AV junction : junctional rhythms, e.g. junction tachycardia.  
   •       Ventricles : ventricular rhythms, e.g. ventricular premature 

beats, ventricular tachycardia.     

  Mechanism 

     •      Tachycardia    >    100   beats/min.  
   •      Bradycardia    <    60   beats/min.  
   •      Premature contractions.  
   •      Flutter.  
   •      Fibrillation.      

  Arrhythmias  r esulting from a  d isturbance in 

 i mpulse  c onduction 

 Cardiac arrhythmias that result from a disturbance in impulse 
conduction refer to an abnormal delay or block of the impulse at 
some point along the conduction system. They are traditionally 
categorised according to the site of the defect: 

   •      SA node blocks, e.g. SA block.  
   •      AV blocks, e.g. fi rst, second, third degree AV block.  
   •      Intraventricular blocks, e.g. bundle branch blocks.      

  SIX - STAGE APPROACH TO  ECG  INTERPRETATION OF 
CARDIAC ARRHYTHMIAS 
 To accurately interpret an ECG trace requires considerable expe-
rience and expertise. However, it is possible to interpret most 
ECG traces and arrive at a reliable diagnosis on which to base 
effective treatment, by following a systematic approach to ECG 
interpretation: 

   •      Is electrical activity present?  
   •      What is the QRS rate?  
   •      Is the QRS rhythm regular or irregular?  
   •      Is the QRS complex width normal or broad?  
   •      Are P waves present?  
   •      How are P waves related to QRS complexes? 

  (Resuscitation Council UK,  2006 )     
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 It must be emphasised that displays and ECG printouts from 
cardiac monitors are suitable for interpreting cardiac arrhythmias 
only and not for analysis of ST segment changes and more sophis-
ticated ECG interpretation (Resuscitation Council UK,  2006 ). 
Wherever possible, a 12 lead ECG should be recorded, as this may 
provide additional diagnostic information. 

 The six - stage approach to ECG interpretation of cardiac 
arrhythmias will now be described. 

  Is  e lectrical  a ctivity  p resent? 

 If there is no electrical activity check the gain control (ECG size), 
ECG leads, ECG electrodes, all electrical connections and the 
defi brillator/cardiac monitor ensuring it is switched on. If there 
is still no electrical activity and the patient is pulseless, the diag-
nosis is asystole (Resuscitation Council UK,  2006 ). The line is 
usually distorted due to drift of the baseline, electrical interfer-
ence and CPR. Sometimes P waves may be present  –   ‘ P wave 
asystole ’  or ventricular standstill. 

 A completely straight line is usually caused by disconnection 
of ECG leads or wrong monitoring lead, e.g.  ‘ paddles ’  selected 
on the defi brillator when monitoring with ECG leads. If electrical 
activity is present, ascertain whether there are any recognisable 
ECG complexes. If there aren ’ t any, VF is the probable diagnosis. 
If recognisable ECG complexes can be identifi ed the following 
fi ve steps should be followed.  

  What is the  QRS   r ate? 

 Estimate the QRS rate by counting the number of large (1   cm) 
squares between adjacent QRS complexes and dividing it into 
300, e.g. the QRS rate in Figure  3.2  is about 85/min (300/3.5). An 
ECG rate ruler (see Figure  3.3 ) can also be used.   

 Care should be taken if the QRS rate is irregular. A more reli-
able method, if the QRS rate is irregular, is to count the number 
of QRS complexes in a defi ned number of seconds and then 
calculate the rate per minute. For example, if there are 12 
QRS complexes in a 10 second strip, then the ventricular rate is 
72/min (12    ×    6). 

 The QRS rate can then be classifi ed as: 



 3 ECGs for Nurses

46

     Figure 3.2     Suggested method for estimating the QRS rate (regular QRS rhythm): 
divide the number of large squares between two adjacent QRS complexes into 300, 
i.e. 300/4.2 – 75/min.  

     Figure 3.3     ECG heart rate calculation ruler.  

   •      Normal ventricular rate is 60 – 100/min  
   •      Bradycardia  < 60/min  
   •      Tachycardia  > 100/min    

 NB A pulse rate of 50 may be  ‘ normal ’  in some patients and 
one of 70 may be abnormally slow in other patients.  

  Is the  QRS   r hythm  r egular or  i rregular? 

 Establish whether the QRS rhythm is regular or irregular by care-
fully comparing the R - R intervals at different sections on the ECG 
rhythm strip. Callipers may help. 

 Alternatively, plot two QRS complexes on a piece of paper. 
Then move the paper to other sections on the rhythm strip and 
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ascertain whether the marks are aligned exactly with other pairs 
of QRS complexes (regular QRS rhythm) or not (irregular QRS 
rhythm) (see Figure  3.4 ).   

 If the QRS rhythm is irregular, ascertain whether it is totally 
irregular, e.g. in atrial fi brillation or whether there is a cyclical 
pattern to the irregularity, e.g. extrasystoles, pauses, dropped 
beats, where the relationship between the P waves and QRS 
complexes is particularly important (see below). The presence of 
ectopics can render an otherwise regular QRS rhythm irregular. 
If present, determine whether they are atrial, junctional or 
ventricular.  

  Is the  QRS   c omplex  w idth  n ormal or  b road? 

 Note the width of the QRS complex. The normal width is  < 3 small 
squares (0.12 seconds). If the width of the QRS complex is broad 
(3 small squares or more), the rhythm may be ventricular in origin 
or supraventricular in origin, but transmitted with aberrant con-
duction. A broad complex tachycardia is most likely to be ven-
tricular in origin. 

 Examine the QRS complexes and establish whether their mor-
phology is constant. Look to see if ectopics or extrasystoles are 
present. These can arise from the atria, AV junction and ventri-
cles. By examining their morphology, it is usually possible to 

     Figure 3.4     Ascertaining whether the QRS rhythm is regular or irregular.  
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determine their origin. If the ectopic QRS complex is narrow 
( < 12   s or 3 small squares), the ectopic focus is situated above 
the ventricles. If it is wide, the ectopic focus is either above the 
ventricles, but the impulse is conducted with aberration, or in the 
ventricles. If they are premature, i.e. before the next anticipated 
sinus beat, they are commonly termed ectopics. If they are late, 
i.e. after the next anticipated sinus beat, e.g. following a period 
of sinus arrest, they are commonly termed escape beats.  

  Are  P   w aves  p resent? 

 Establish whether P waves are present and calculate the rate and 
regularity. In sinus rhythm the P waves should be identical in 
shape and upright in lead II. Changes in P wave morphology 
implies a different pacemaker focus for the impulse. Retrograde 
activation through the AV junction (junctional or ventricular 
arrhythmias) usually results in the P waves being inverted in lead 
II. This is because atrial depolarisation occurs in the opposite 
direction to normal. 

 Sometimes it may be diffi cult to establish whether P waves are 
present because they are partly or totally obscured by the QRS 
complexes or T waves, e.g. in sinus tachycardia P waves may 
merge with the preceding T waves. 

 In SA block and sinus arrest, P waves will be absent; in atrial 
fi brillation no P waves can be identifi ed, just a fl uctuating 
baseline, and in atrial fl utter, P waves are replaced by regular 
 ‘ sawtooth ’  fl utter waves, rate approximately 300/min.  

  How are  P   w aves  r elated to  QRS   c omplexes? 

 If P waves are present, ascertain whether each one is followed by 
a QRS complex and whether each QRS complex is preceded by 
a P wave. Calculate the PR interval; the normal range is 3 – 5 
small squares (0.12 – 0.20 seconds). A shortened or prolonged PR 
interval is indicative of a conduction abnormality. Causes of a 
shortened PR interval include junctional rhythms and impulse 
conduction via accessory conduction pathways, e.g. bundle of 
Kent (Wolff - Parkinson - White syndrome). AV block can cause a 
prolonged PR interval. 

 If the PR interval is constant it is probable that atrial and ven-
tricular activity is related. If the PR interval is variable establish 
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whether there is a pattern to the variability. Plot out the P waves 
and QRS complexes and look for any recognisable pattern 
between the two, the occurrence of missed or dropped beats and 
PR intervals that vary in a repeated fashion. Complete dissocia-
tion between atrial and ventricular activity may be indicative of 
complete (third degree) atrioventricular heart block.   

  CHAPTER SUMMARY 
 Accurate ECG interpretation of cardiac arrhythmias is essential 
to ensure the most appropriate management. In this chapter a 
six - stage approach to ECG interpretation of cardiac arrhythmias 
has been described.  
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 Cardiac Arrhythmias 

Originating in the  SA  Node     

   INTRODUCTION 
 Cardiac arrhythmias originating in the SA node result from a 
disturbance in impulse formation or impulse conduction within 
the node itself. The SA node retains its role as pacemaker for the 
heart, but instead of fi ring regularly at a rate of 60 – 100/min, it is 
fi ring at a slower, faster or irregular rate. Sometimes the SA node 
fails to discharge an impulse and activate the atria, either because 
the impulse is blocked within the node itself or it fails to initiate 
an impulse. 

 The aim of this chapter is to recognise cardiac arrhythmias 
originating in the SA node.  

  LEARNING OUTCOMES 
 At the end of the chapter the reader will be able to discuss the 
characteristic ECG features, list the causes and outline the treat-
ment of: 

   ❑      Sinus tachycardia.  
   ❑      Sinus bradycardia.  
   ❑      Sinus arrhythmia.  
   ❑      Wandering atrial pacemaker.  
   ❑      SA block.  
   ❑      Sinus arrest.  
   ❑      Sick sinus syndrome.     

  SINUS TACHYCARDIA 
 The term tachycardia derives from the Greek words  takhus  
meaning  ‘ swift ’  and  kardia  meaning  ‘ heart ’  (Soanes  &  Stevenson, 
 2006 ). Sinus tachycardia can be defi ned as a sinus rhythm greater 
than 100 beats/min (Bennett,  2006 ; Houghton  &  Gray,  2003 ). The 

4
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ECG has the same characteristics as sinus rhythm, except that the 
QRS rate is greater than 100 beats/min. The upper limit of sinus 
tachycardia is usually 140 beats/min (Jowett  &  Thompson,  1995 ). 

 Sinus tachycardia can be a normal response to a physiological 
stimulus, e.g. exercise, or anxiety. However, if it persists it is 
usually an indication of pathophysiology (Randall  &  Ardell, 
 1990 ), e.g. shock, pyrexia, heart failure, ischaemic heart disease 
and pulmonary embolism (Docherty,  2003 ; Houghton  &  Gray, 
 2003 ). Of particular importance is that it may be a manifestation 
of heart failure when it is a refl ex mechanism to compensate for 
reduced stroke volume (Meltzer  et al. ,  1983 ). In myocardial infarc-
tion, sinus tachycardia is an adverse prognostic sign (Hjalmarson 
 et al. ,  1990 ), because it usually indicates extensive myocardial 
necrosis associated with excess release of catecholamines (ISIS 2, 
 1988 , Thompson,  1997 ). Sinus tachycardia at rest is a normal 
fi nding in infancy and early childhood (Camm  &  Katritsis,  1996 ). 

 A classical feature which helps distinguish sinus tachycardia 
from other narrow complex tachycardias, e.g. atrial tachycardia, 
is that it does not start and end abruptly; both its onset and 
decline are gradual (Thompson,  1997 ). Sometimes, in sinus tachy-
cardia, P waves can merge with the preceding QRS complexes. A 
persistent tachycardia, in the absence of an obvious underlying 
cause, should prompt careful examination of the ECG: atrial 
fl utter or atrial tachycardia may be the cause of the fast heart rate 
(Goodacre  &  Irons,  2008 ). 

  Identifying  f eatures on the  ECG  

     •       Electrical activity : yes.  
   •       QRS rate :  > 100/min, usually  ≤ 140/min.  
   •       QRS rhythm : regular.  
   •       QRS complexes : normal width and constant morphology.  
   •       P waves : present, may be merged into preceding T waves.  
   •       Relationship between P waves and QRS complexes : each P wave is 

followed by a QRS complex and each QRS complex is preceded 
by a P wave; PR interval is normal and constant.     

  Effects on the  p atient 

 Most patients with sinus tachycardia are asymptomatic. However, 
some may complain of palpitations and dyspnoea (Thompson, 



 4 ECGs for Nurses

52

 1997 ). As the rate increases, the resultant decreased arterial fi lling 
time and reduced stroke volume may lead to a drop in blood 
pressure and weak peripheral pulses. Sinus tachycardia will 
increase oxygen consumption and, when associated with myo-
cardial infarction, could extend myocardial necrosis (Jevon,  2002 ).  

  Treatment 

 Treatment is generally aimed at identifying and, where appro-
priate, treating the cause. It must be stressed that the intentional 
slowing down of a sinus tachycardia when it is a normal com-
pensatory mechanism, e.g. in left ventricular failure, can have 
disastrous consequences on the patient (Houghton  &  Gray, 
 2003 ). 

 In myocardial infarction, underlying causes should be sought 
and appropriate treatment instigated promptly (White,  1996 ). 
The use of beta - blocking agents, e.g. atenolol, can benefi t some 
patients (ISIS 1,  1986 ). Sometimes the tachycardia may be pain 
and/or anxiety induced and may settle with effective pain relief. 
Any electrolyte imbalances should be corrected. Rarely, catheter 
ablation therapy on the sinus node is undertaken if drugs have 
failed to control the rate (Davis  1997 ).  

  Interpretation of Figure  4.1  

     •       Electrical activity : present.  
   •       QRS rate : 115/min.  
   •       QRS rhythm : regular.  
   •       QRS width : normal width and constant morphology; ST eleva-

tion is present.  
   •       P waves : present, constant morphology.  
   •       Relationship between P waves and QRS complexes : each P wave is 

followed by a QRS complex and each QRS complex is preceded 
by a P wave; PR interval is normal and constant.      

 The ECG in Figure  4.1  displays sinus tachycardia. This patient 
was admitted to CCU with an acute inferior myocardial infarc-
tion (the ST elevation is suggestive of myocardial damage; a 12 
lead ECG helped to confi rm this diagnosis). He was complaining 
of severe central chest pain and was very anxious. 
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 Sinus tachycardia, and not bradycardia, is an unusual clinical 
fi nding in an inferior myocardial infarction and it was important 
to try to identify the underlying cause. Possible causes included 
patient anxiety, chest pain, heart failure and cardiogenic shock. 
Following diamorphine 5   mg administered IV, the patient ’ s pain 
eased and he settled. The heart rate gradually slowed down to 65 
beats/min. Chest pain and anxiety were the most probable 
underlying causes of the sinus tachycardia. There was no clinical 
evidence of a low cardiac output. The patient ’ s blood pressure 
and respiratory rate were within normal limits.  

  Interpretation of Figure  4.2  

     •       Electrical activity : present.  
   •       QRS rate : 150/min.  
   •       QRS rhythm : regular.  
   •       QRS : normal width and constant morphology.  
   •       P waves : present and constant morphology.  
   •       Relationship between P waves and QRS complexes : each P wave is 

followed by a QRS complex and each QRS complex is preceded 
by a P wave; PR interval is normal and constant.      

 This patient was referred by his general practitioner with a 
sudden onset of dyspnoea. The ECG displays sinus tachycardia 
with a ventricular rate of 150/min. BP was 90/60, respiratory rate 
was 34/min and the patient was pale, cold and clammy. He was 
also orthopnoeic and expectorating frothy bloodstained sputum. 
Chest auscultation confi rmed the presence of widespread respira-
tory crackles: left ventricular failure and pulmonary oedema 
were the cause. 

 It is likely that the sinus tachycardia was secondary to acute 
left ventricular failure. Following effective treatment of the 
primary problem with oxygen, diuretics, nitrates and a small 
dose of diamorphine, the patient settled and the tachycardia 
gradually slowed (a characteristic sign of sinus tachycardia). 

 This is an unusually rapid rate for sinus tachycardia. A tachy-
cardia of this rate could have been caused by an atrial tachyar-
rhythmia, e.g. atrial tachycardia. However, the PR interval is 
normal, not short. Close inspection of the 12 lead ECG did confi rm 
sinus tachycardia.  
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     Figure 4.2     Sinus tachycardia.  

     Figure 4.1     Sinus tachycardia.  
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  Interpretation of Figure  4.3  

     •       Electrical activity : present.  
   •       QRS rate : 150/min.  
   •       QRS rhythm : regular.  
   •       QRS : normal width and constant morphology.  
   •       P waves : present and constant morphology.  
   •       Relationship between P waves and QRS complexes : each P wave is 

followed by a QRS complex and each QRS complex is preceded 
by a P wave; PR interval is normal and constant.      

 This patient was undergoing a dobutamine stress test (prior 
to Myoview Perfusion Scan). The extreme tachycardia was 
actually the desired result of the stress test. The patient, however, 
was starting to develop chest pain and the stress test had to be 
stopped.  

  Interpretation of Figure  4.4  

     •       Electrical activity : present  
   •       QRS rate : 130/min.  
   •       QRS rhythm : regular.  
   •       QRS : normal width and constant morphology.  
   •       P waves : present and constant morphology.  
   •       Relationship between P waves and QRS complexes : each P wave is 

followed by a QRS complex and each QRS complex is preceded 
by a P wave; PR interval is normal and constant.      

 This 24 - year - old lady was admitted with a pyrexia and non -
 blanching rash. She was subsequently diagnosed with endocar-
ditis. She developed an abscess which encroached on the bundle 
of His, resulting in fi rst degree AV block (see    pages 135 – 137 ). She 
was started on antibiotics.   

  SINUS BRADYCARDIA 
 The term bradycardia derives from the Greek words  bradus  
meaning  ‘ slow ’  and  kardia  meaning  ‘ heart ’  (Soanes  &  Stevenson, 
 2006 ). Sinus bradycardia can be defi ned as a sinus rhythm of less 
than 60/min (Bennett,  2006 ; Da Costa  et al. ,  2008 ); the ECG has 
the same characteristics as sinus rhythm, except that the QRS rate 
is less than 60/min. 
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     Figure 4.3     Sinus tachycardia.  

V1

100 Hz 25.0 mm/s 10.0 mm/mV 4 by 2.5 s + 1 rhythm ld
MedGRAPHICS LTD REGULAR 25.987

MAC5K 0008A 12SLTM v235o

     Figure 4.4     Sinus tachycardia.  

II

40 Hz 25.0 mm/s 10.0 mm/mV 4 by 2.5 s + 1 rhythm ld MAC5K 007A.2 12SLTM v235o
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 The commonest cause of sinus bradycardia is physiological. It 
can occur in acute myocardial infarction (MI), particularly infe-
rior myocardial infarction (Adgey  et al. ,  1971 ), because the infe-
rior myocardial wall, the SA node and the AV node are all 
usually supplied by the right coronary artery (Da Costa  et al. , 
 2008 ). Other causes include certain medical conditions such as 
hypothermia (Resuscitation Council UK,  2006 ) and hypothyroid-
ism (Vanhaelst  &  Neve,  1967 ), vagal stimulation, e.g. during 
tracheal suction, increased intracranial pressure, hypoxia, severe 
pain, hypothermia and drugs such as beta blockers. It can be a 
normal clinical fi nding in some patients, e.g. athletes. 

 Sinus bradycardia may also be caused by sinus node dysfunc-
tion (Levy  &  Mogensen,  1996 ). Conditions associated with sinus 
node dysfunction include age, ischaemia, high vagal tone, myo-
carditis and digoxin toxicity (Da Costa  et al. ,  2008 ). 

  Identifying  f eatures on the  ECG  

     •       Electrical activity : present.  
   •       QRS rate :  ≤ 60/min.  
   •       QRS rhythm : regular.  
   •       QRS width : normal width and constant morphology.  
   •       P waves : present, constant morphology.  
   •       Relationship between P waves and QRS complexes : P wave is fol-

lowed by a QRS complex and each QRS complex is preceded 
by a P wave; PR interval is normal and constant.     

  Effects on the  p atient 

 Many patients are able to tolerate heart rates of 40/min sur-
prisingly well (Da Costa  et al. ,  2008 ). Some patients are asymp-
tomatic. It can be a normal physiological state in fi t people, e.g. 
athletes. It may be the desired effect of beta - blocker drug admin-
istration. It is common in the early stages of inferior myocardial 
infarction, rarely requiring treatment (Nolan  et al. ,  1998 ). 

 However, the patient may be symptomatic, particularly if the 
bradycardia is of a sudden onset or is  < 40/min (Resuscitation 
Council UK,  2006 ). Adverse signs include hypotension, chest 
pain, lightheadedness, dizziness, nausea, syncope, and pale, 
clammy skin (Da Costa  et al. ,  2008 ). In addition, escape rhythms 
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are more likely to occur which can predispose to ventricular 
tachyarrhythmias (Jowett  &  Thompson,  1995 ).  

  Treatment 

 Treatment is indicated only if adverse signs (see    pages 221 – 22 
and 224 ) are present and/or there is a risk of asystole (Resuscita-
tion Council UK,  2006 ). If necessary, oxygen should be adminis-
tered and IV access secured. If treatment is required, atropine 
500   mcg should be administered IV and the ECG rhythm reas-
sessed. Further doses may be required. Cardiac pacing may be 
required in some situations. The possible cause of the bradycar-
dia should be established, as attention to this (e.g. omitting medi-
cation) may provide the most effective treatment. Any electrolyte 
imbalances should be corrected. Expert help may be required. For 
further information on the treatment of sinus bradycardia see 
   pages 222 and 224 – 25 .  

  Interpretation of Figure  4.5  

     •       Electrical activity : present.  
   •       QRS rate : 42/min.  
   •       QRS rhythm : regular.  
   •       QRS width : normal width and constant morphology.  
   •       P waves : present and constant morphology.  
   •       Relationship between P waves and QRS complexes : each P wave is 

followed by a QRS complex and each QRS complex is preceded 
by a P wave; PR interval normal and constant.      

 The ECG in Figure  4.5  displays sinus bradycardia. The ECG 
has the same characteristics as sinus rhythm except that the QRS 
rate is  < 60   beats/min. This patient had been admitted with an 
acute inferior myocardial infarction. 

 In myocardial infarction, bradycardia reduces myocardial 
oxygen requirements and, as long as the patient remains asymp-
tomatic, no treatment is required (White,  1996 ). The patient did 
not present with any adverse signs (see    pages 221 – 22 and 224 ) 
and he was not taking any medications prior to admission that 
could cause a bradycardia (e.g. a beta blocker). The blood pres-
sure was stable, the bradycardia transient and no treatment was 
required specifi cally for the bradycardia, though reperfusion 
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therapy was indicated. Subsequently, the patient was closely 
monitored during the period of bradycardia in order to detect the 
occurrence of adverse signs.  

  Interpretation of Figure  4.6  

     •       Electrical activity : present.  
   •       QRS rate : 26/min.  
   •       QRS rhythm : regular.  
   •       QRS width : very broad (0.16 s or 4 small squares) and constant 

morphology.  
   •       P waves : present and constant morphology.  
   •       Relationship between P waves and QRS complexes : each P wave is 

followed by a QRS complex and each QRS complex is preceded 
by a P wave; PR interval normal and constant.      

 The ECG in Figure  4.6  displays profound sinus bradycardia. 
The ECG has the same characteristics as sinus rhythm except 
that the QRS rate is  < 60   beats/min. In addition, the QRS complex 
is very wide, suggestive of bundle branch block (a 12 lead ECG 
confi rmed left bundle branch block). 

 This patient had been admitted with an acute anterior myocar-
dial infarction. The patient was assessed for the presence of adverse 
signs (see    pages 221 – 22 and 224 ). BP was 75/40 and the patient 
was semi - conscious. He was also very pale and clammy, though 
these signs are often associated with acute myocardial infarction. 

 It was quickly established that the patient was severely haemo-
dynamically compromised and urgent intervention to treat the 
bradycardia was required. The patient was placed in a supine 
position and oxygen was administered. Atropine 500   mcg was 
administered IV and then the patient was reassessed. Despite 
further doses of atropine, the bradycardia did not respond and 
the patient remained compromised. External pacing, quickly fol-
lowed by transvenous pacing, was required. This patient subse-
quently required a permanent pacemaker.  

  Interpretation of Figure  4.7  

     •       Electrical activity : present.  
   •       QRS rate : 42/min.  
   •       QRS rhythm : regular.  
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     Figure 4.6     Sinus bradycardia.  

     Figure 4.5     Sinus bradycardia.  
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   •       QRS width : very broad (0.16 s or 4 small squares) and constant 
morphology.  

   •       P waves : present and constant morphology.  
   •       Relationship between P waves and QRS complexes : each P wave is 

followed by a QRS complex and each QRS complex is preceded 
by a P wave; PR interval normal and constant.      

 The ECG in Figure  4.7  displays sinus bradycardia. This patient 
presented for a dobutamine stress test. He was taking bisoprolol, 
a beta blocker. Due to the quite marked bradycardia, although 
the patient was not compromised and had no ill effects, the 
cardiologist reduced the dose of bisoprolol.   

  SINUS ARRHYTHMIA 
 Sinus arrhythmia is a variation of sinus rhythm characterised by 
alternate periods of slow and more rapid sinus node discharge 
(Reynolds,  1996 ; Bennett,  2006 ). The ECG characteristics are 
identical to sinus rhythm, except that the QRS rhythm is slightly 
irregular. It is a normal fi nding and is usually associated with the 
phases of respiration, increasing with inspiration and decreasing 
with expiration. The  ‘ beat to beat ’  variation in the R - R interval is 
due to a vagally mediated response to increased venous return 
to the heart during inspiration (Meek  &  Morris,  2008 ). 

 It is a common fi nding in young persons (Bennett,  2006 ), but is 
rarely seen in persons over the age of 40 years (Houghton  &  Gray, 
 2003 ). Sometimes sinus arrhythmia is associated with ischaemia 
or digoxin toxicity (Reynolds,  1996 ). In addition, the irregular 
QRS rhythm can be mistaken for other arrhythmias, e.g. atrial 
fi brillation. 

  Identifying  f eatures on the  ECG  

     •       Electrical activity : present.  
   •       QRS rate : 60 – 100/min.  
   •       QRS rhythm : slightly irregular.  
   •       QRS width : normal and constant morphology.  
   •       P waves : present and constant morphology.  
   •       Relationship between P waves and QRS complexes : each P wave is 

followed by a QRS complex and each QRS complex is preceded 
by a P wave; PR interval normal and constant.     
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     Figure 4.7     Sinus bradycardia.  

V1

100 Hz 25.0 mm/s 10.0 mm/mV 4 by 2.5 s + 1 rhythm ld
MedGRAPHICS LTD REGULAR25.560

MAC5K 008A 12SLTM v235o

     Figure 4.8     Sinus arrhythmia.  
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  Effects on the  p atient 

 No ill effects reported.  

  Treatment 

 It is harmless; no treatment or investigations are necessary 
(Houghton  &  Gray,  2003 ).  

  Interpretation of Figure  4.8  

     •       Electrical activity : present.  
   •       QRS rate : 75/min.  
   •       QRS rhythm : slightly irregular.  
   •       QRS width : normal and constant morphology.  
   •       P waves : present and constant morphology.  
   •       Relationship between P waves and QRS complexes : each P wave is 

followed by a QRS complex and each QRS complex is preceded 
by a P wave; PR interval normal and constant.      

 The ECG in Figure  4.8  displays sinus arrhythmia. Close inspec-
tion confi rmed that the irregularity of the rhythm was not a 
serious arrhythmia, e.g. atrial fi brillation. This ECG strip was 
recorded in a 37 - year - old male. The heart rate fl uctuated with 
respiration.  

  Interpretation of Figure  4.9  

     •       Electrical activity : present.  
   •       QRS rate : 75/min.  
   •       QRS rhythm : regularly/irregular  
   •       QRS width : 120   ms (right bundle branch block pattern) and 

constant morphology.  
   •       P waves : present and constant morphology.  
   •       Relationship between P waves and QRS complexes : each P wave is 

followed by a QRS complex and each QRS complex is preceded 
by a P wave; PR interval normal and constant.      

 The ECG in Figure  4.9  displays profound sinus arrhythmia. 
This EGC was recorded in a 63 - year - old gentleman who was 
hyperventilating. The heart rate fl uctuated with respiration.   
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  WANDERING ATRIAL PACEMAKER 
 A wandering atrial pacemaker is characterised by the pacemaker 
 ‘ wandering ’  from the SA node down to the atria or AV junction. 
It is usually related to vagal infl uences (Meltzer  et al. ,  1983 ). It can 
occur in healthy young people, but it may be a manifestation of 
atrial pathology (Thompson,  1997 ). 

  Identifying  f eatures on the  ECG  

     •       Electrical activity : present.  
   •       QRS rate : usually normal.  
   •       QRS rhythm : regular.  
   •       QRS width : normal width and constant morphology.  
   •       P waves : present, morphology and position will vary depend-

ing on the site of origin of the impulse.  
   •       Relationship between P waves and QRS complexes : each P wave is 

followed by a QRS complex and each QRS complex is preceded 
by a P wave; PR interval may vary depending on the site of 
the origin of the impulse.     

  Effects on the  p atient 

 There are no effects on the patient.  

  Treatment 

 No treatment required. Any electrolyte imbalances should be 
corrected.   

   SA  BLOCK 
 In SA block the impulse from the node itself is blocked and fails 
to transverse the junction between the SA node and the surround-
ing atrial myocardium (Bennett,  2006 ). This results in a dropped 
beat. Just as with AV junctional block, SA block can be classifi ed 
as fi rst, second and third degree block. 

 However, only second degree SA block can be diagnosed from 
the ECG. Intermittent failure of atrial activation results in PP 
intervals which are multiples (usually twice) of the cycle length 
during sinus rhythm (Bennett,  1994 ). On the ECG a complete 
PQRST complex is absent, but the next sinus beat arises at the 
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expected time. Causes of SA block include idiopathic fi brosis of 
the SA node, cardiomyopathy, myocardial ischaemia/infarction. 

  Identifying  f eatures on the  ECG  

     •       Electrical activity : present.  
   •       QRS rate : usually normal, sometimes  < 60/min.  
   •       QRS rhythm : dropped beats results in an irregular rhythm.  
   •       QRS width : normal width and constant morphology.  
   •       P waves : absent during period of SA block, otherwise present 

and constant morphology.  
   •       Relationship between P waves and QRS complexes : PQRST complex 

absent during period of SA block, otherwise each P wave is 
followed by a QRS complex and each QRS complex is preceded 
by a P wave; PR interval normal and constant.     

  Effects on the  p atient 

 This rarely affects the patient, although syncope may occur if 
pauses are prolonged or occur frequently.  

  Treatment 

 SA block is of little clinical importance, except that it may be a 
manifestation of toxicity with digoxin or other anti - arrhythmic 
drugs (Julian  &  Cowan,  1993 ). Dose reduction or withdrawal of 
drug(s) that the patient is taking may be required. Any electrolyte 
imbalances should be corrected.  

  Interpretation of Figure  4.10  

     •       Electrical activity : present.  
   •       QRS rate : approximately 60 – 70/min.  
   •       QRS rhythm : dropped beats results in an irregular rhythm.  
   •       QRS width : normal width and constant morphology, one 

dropped beat.  
   •       P waves : absent during period of SA block, otherwise present 

and constant morphology; PP intervals are constant despite the 
dropped beat  –  this is suggestive of SA block.  

   •       Relationship between P waves and QRS complexes : PQRST complex 
absent during period of SA block, otherwise each P wave is 
followed by a QRS complex and each QRS complex is preceded 
by a P wave; PR interval normal and constant.      
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     Figure 4.10     SA block.  

     Figure 4.9     Sinus arrhythmia.  

VI
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 The ECG in Figure  4.10  displays second degree SA block. The 
patient did not display any adverse signs and there were no 
episodes of syncope. The patient had been taking digoxin (125   mcg 
once daily) for several years for  ‘ atrial fi brillation ’ . As the ECG 
trace displays, the patient was no longer in atrial fi brillation, and 
because the arrhythmia could have been caused by digoxin, the 
drug was stopped while the patient ’ s digoxin levels were 
measured.   

  SINUS ARREST 
 Sinus arrest is when the SA node fails to initiate an impulse. It is 
characterised by absent P waves and cardiac standstill for varying 
periods of time, with escape beats from the atria, AV junction 
or ventricles usually taking over pacemaker function (escape 
rhythm) (Jowett  &  Thompson,  1995 ). 

 Causes of sinus arrest include idiopathic fi brosis of the SA node, 
cardiomyopathy and myocardial ischaemia/infarction. Intermit-
tent sinus arrest may occur following an inferior myocardial 
infarction. 

  Identifying  f eatures on the  ECG  

     •       Electrical activity : present.  
   •       QRS rate : normal or  < 60/min.  
   •       QRS rhythm : irregular due to dropped beats.  
   •       QRS width : usually normal width and constant morphology; if 

escape beats present these may be of different morphology 
depending on their site of origin.  

   •       P waves : absent during period of SA block, otherwise present 
and constant morphology.  

   •       Relationship between P waves and QRS complexes : PQRST complex 
absent during period of sinus arrest, otherwise each P wave is 
followed by a QRS complex and each QRS complex is preceded 
by a P wave; PR interval normal and constant.     

  Effects on the  p atient 

 Although the haemodynamic effect on the patient is usually 
self - limiting owing to the junctional or ventricular escape beats 
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maintaining a cardiac output, it may still be severe enough to 
cause syncope (Thompson,  1997 ).  

  Treatment 

 Atropine will be required during periods of sinus arrest if adverse 
signs (see    pages 221 – 22 and 224 ) are present (Resuscitation 
Council UK,  2006 ). If recurrent and causing syncope, a permanent 
pacemaker may be required (Thompson,  1997 ). Any electrolyte 
imbalances should be corrected.  

  Interpretation of Figure  4.11  

     •       Electrical activity : present.  
   •       QRS rate : diffi cult to determine (longer ECG strip required).  
   •       QRS rhythm : irregular, 4.5 s pause present.  
   •       QRS width : normal width and constant morphology.  
   •       P waves : absent during sinus arrest, otherwise present and 

constant morphology.  
   •       Relationship between P waves and QRS complexes : absent QRS 

complexes owing to sinus arrest and no escape rhythms 
present; otherwise each P wave is followed by a QRS complex 
and each QRS complex is preceded by a P wave; PR interval 
normal and constant.      

 The ECG in Figure  4.11  displays sinus arrest. Profound adverse 
signs were present. BP was unrecordable and the patient was 
cold, pale, clammy, semi - conscious and agitated. 

 It was quickly established that the patient was severely haemo-
dynamically compromised and urgent intervention to treat the 
sinus arrest and the resultant bradycardia was required. The 
patient was placed in a supine position and oxygen administered. 
Atropine 500   mcg was administered IV and the patient reas-
sessed. After a second dose of atropine, the heart rate improved. 
The sinus arrest was transient and the cause was thought to be 
inferior myocardial ischaemia. No further treatment for the 
arrhythmia was required.   

  SICK SINUS SYNDROME 
 Sick sinus syndrome is the term used to describe a condition that 
encompasses a variety of cardiac arrhythmias related to abnormal 
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     Figure 4.11     Sinus arrest.  

SA node and atrial activity (Ferrer,  1973 ). A common cause of 
syncope, dizzy episodes and palpitations, sick sinus syndrome is 
more common in the elderly although it may occur at any age 
(Bennett,  2006 ). 

 Sick sinus syndrome can be classifi ed as follows: 

     •      Intermittent sinus arrest.  
   •      Stable sinus bradycardia.  
   •      Tachycardia - bradycardia ( ‘ tachy - brady ’ ) syndrome  –  the 

tachycardia is usually atrial fi brillation 
  (Thompson,  1997 )     

 The exact cause of sick sinus syndrome is unknown, although 
histologic degeneration of the SA node, AV junction and the 
conduction tissues between the two is often found on post - mor-
tem (Ornato  &  Peberdy,  1996 ). 

  Identifying  f eatures on the  ECG  

 Identifying features will depend on the arrhythmias (see above).  

  Effects on  t he  p atient 

 The patient may complain of palpitations if tachyarrhythmic epi-
sodes present. During periods of severe bradycardia or asystole 
the patient may experience a syncope attack.  

  Treatment 

 Patients with persistent symptomatic bradycardia usually require 
permanent ventricular or AV sequential pacing (Ornato  &  
Peberdy,  1996 ). Patients with the tachy - brady syndrome may also 
require concurrent anti - arrhythmic therapy. However, with the 
increasing use of dual chamber pacemakers, sick sinus syndrome 
can often be controlled with just pacemaker therapy (Thompson, 
 1997 ). Any electrolyte imbalances should be corrected.   
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  CHAPTER SUMMARY 
 Cardiac arrhythmias originating in the SA node result from a 
disturbance in impulse formation or impulse conduction within 
the node itself. The SA node usually retains its role as pacemaker 
for the heart, but instead of fi ring regularly at a rate of 60 – 100/
min, it is fi ring at a slower (sinus bradycardia), faster (sinus 
tachycardia) or irregular (sinus arrhythmia) rate. Sometimes the 
SA node fails to discharge an impulse and activate the atria, either 
because the impulse is blocked (SA block) within the node itself 
or because it fails to initiate an impulse (sinus arrest).  
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 Cardiac Arrhythmias 

Originating in the Atria     

   INTRODUCTION 
 Cardiac arrhythmias originating in the atria result primarily from 
either ischaemic damage to, or over distension of, the atrial walls. 
If P waves are present they are usually of different morphology 
from sinus P waves. As the ventricles are activated via the normal 
conduction pathways, the QRS complex is usually narrow and of 
a normal morphology. Any complications resulting from atrial 
arrhythmias are usually associated with the tachycardic rate 
and/or loss of effective atrial contractions (atrial kick), resulting 
in a fall in cardiac output of 20 – 30% (Stewart,  2002 ). 

 The aim of this chapter is to be able to recognise cardiac 
arrhythmias originating in the atria.  

  LEARNING OUTCOMES 
 At the end of the chapter the reader will be able to discuss the 
characteristic ECG features, list the causes and outline the treat-
ment of: 

   ❑      Atrial ectopic beats.  
   ❑      Atrial tachycardia.  
   ❑      Atrial fl utter.  
   ❑      Atrial fi brillation.     

  ATRIAL ECTOPIC BEATS 
 The term ectopic can literally be defi ned as an abnormal place or 
position (the term originates from the Greek word  ektopos  meaning 
 ‘ out of place ’  (Soanes  &  Stevenson,  2006 ). The terms ectopic beat, 
premature beat (APBs) and extrasystole are synonymous (Bennett, 
 2006 ; Houghton  &  Gray,  2003 ). The term ectopic is preferred by 
the Resuscitation Council UK  (2006)  and will be used in this book. 

5
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 Atrial ectopics are caused by a focus in the atria (and very 
occasionally in the SA node itself) (Camm  &  Katritsis,  1996 ), fi ring 
earlier in the cardiac cycle than the next timed beat would be 
expected (Bennett,  2006 ). They are common (Docherty,  2003 ). 
They can be a normal fi nding and can be worsened by cardiac 
stimulants, e.g. tobacco, caffeine and alcohol (Thompson,  1997 ). 
They can occur in patients with chronic obstructive pulmonary 
disease (CPOD), particularly those with an acute respiratory tract 
infection, respiratory failure or pulmonary embolism (Harrigan 
 &  Jones,  2008 ). They can complicate heart disease, especially 
atrial enlargement, and may herald the onset of atrial fi brillation, 
atrial fl utter or atrial tachycardia. 

 Atrial ectopics occur prior to the next anticipated sinus beat 
(Camm  &  Katritsis,  1996 ), i.e. the P wave will be premature. As 
the site of origin of the P wave and the direction of atrial depo-
larisation will differ to that during sinus rhythm, the resultant 
P wave will have a different shape (morphology) to the P wave 
of sinus rhythm (Bennett,  2006 ). The QRS complex is usually 
identical to the one during sinus rhythm because the ventricles 
are usually depolarised in the normal way (Docherty,  2003 ). The 
ensuing pause is approximately equal to or marginally longer 
than the normal sinus RR interval. The pause is caused by the 
atrial ectopic depressing SA node automaticity (Bennett,  2006 ). 

 Sometimes, an atrial ectopic is not conducted to the ventricles 
because it has arisen so early in the cardiac cycle that the AV 
junction is still refractory and unable to conduct it. This is a 
common cause of unexpected pauses (Camm  &  Katritsis,  1996 ). 
Atrial bigeminy is when an atrial ectopic occurs every second 
beat and atrial trigeminy is when one occurs every third beat 
(Marriott,  1988 ). 

  Identifying  f eatures on the  ECG  

     •       Electrical activity : present.  
   •       QRS rate : usually normal, though dependent upon underlying 

rhythm and frequency of APBs.  
   •       QRS rhythm : slightly irregular owing to presence of APBs.  
   •       QRS width : usually normal width and constant morphology; 

the prematurity of the APB may result in the impulse being 
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conducted to the ventricles with bundle branch block  –  QRS 
morphology will then differ.  

   •       P waves : present; those associated with APBs will be of differ-
ent morphology from sinus P waves and may be superimposed 
on the preceding T waves.  

   •       Relationship between P waves and QRS complexes : each P wave is 
followed by a QRS complex and each QRS complex is preceded 
by a P wave; PR interval may be marginally longer than in 
sinus rhythm (Camm  &  Katritsis,  1996 ).     

  Effects on the  p atient 

 The most common symptom is palpitation; the patient is usually 
aware of the premature contraction itself, not of the following 
pause often described as a  ‘ missed beat ’  or of a stronger post -
 ectopic beat (Camm  &  Katritsis,  1996 ). The palpitations are more 
evident at night when the patient is in a left lateral position, 
during or immediately following exercise and while sitting 
quietly (Camm  &  Katritsis  1996 ). On rare occasions the patient 
may experience chest pain. The patient may be asymptomatic.  

  Treatment 

 Atrial ectopics are benign and no treatment is necessary. Any 
electrolyte imbalances should be corrected.  

  Interpretation of Figure  5.1  

     •       Electrical activity : present.  
   •       QRS rate : 75/min.  
   •       QRS rhythm : slightly irregular owing to APB.  
   •       QRS widths : normal width and constant morphology.  
   •       P waves : present; the P wave associated with the atrial ectopic 

is of different morphology from the sinus P waves.  
   •       Relationship between P waves and QRS complexes : each P wave is 

followed by a QRS complex and each QRS complex is preceded 
by a P wave; the PR interval associated with the atrial ectopic 
is shorter than the PR interval in the sinus beats.      

 The ECG in Figure  5.1  displays sinus rhythm with an atrial 
ectopic. This patient was admitted to the ward with increasing 
episodes of chest pain. When checking her pulse, it was found to 
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be slightly irregular. Cardiac monitoring confi rmed that this was 
due to the presence of occasional APBs. No treatment was 
required. In fact, a few hours after admission the atrial ectopics 
ceased occurring, thus suggesting their likely underlying cause 
was patient anxiety.  

  Interpretation of Figure  5.2  

     •       Electrical activity : present.  
   •       QRS rate : 95/min.  
   •       QRS rhythm : slightly irregular owing to presence of atrial 

ectopics.  
   •       QRS width : normal width and constant morphology.  
   •       P waves : present, those associated with the atrial ectopics are 

superimposed on the preceding T waves  –  not possible to 
assess their morphology.  

   •       Relationship between P waves and QRS complexes : each P wave is 
followed by a QRS complex and each QRS complex is preceded 
by a P wave; PR interval associated with the atrial ectopics is 
diffi cult to calculate.      

 The ECG in Figure  5.2  displays sinus rhythm with atrial 
ectopics. This patient was admitted to the ward with a history of 
palpitations and thyrotoxicosis. There were no adverse signs 
present. However, the patient was commenced on cardiac moni-
toring because the frequency of atrial ectopics together with a 
diagnosis of thyrotoxicosis increased the probability of atrial 
arrhythmias, particularly atrial fi brillation.  

  Interpretation of Figure  5.3  

     •       Electrical activity : present.  
   •       QRS rate : approximately 50/min.  
   •       QRS rhythm : slightly irregular owing to presence of atrial 

ectopic.  
   •       QRS width : normal width and constant morphology.  
   •       P waves : present; one atrial ectopic has occurred very early in 

the cardiac cycle.  
   •       Relationship between P waves and QRS complexes : except for one 

P wave (atrial ectopic), each P wave is followed by a QRS 
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     Figure 5.2     Frequent atrial premature beats use.  

     Figure 5.1     Atrial premature beat.  
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complex and each QRS complex is preceded by a P wave; PR 
interval constant.      

 The ECG in Figure  5.3  displays a non - conducted atrial ectopic, 
resulting in a pause. The atrial ectopic has not been conducted to 
the ventricles because it has arisen so early in the cycle that the 
AV junction is still refractory and unable to conduct it. This was 
only an isolated non - conducted atrial ectopic and no treatment 
was required.   

  ATRIAL TACHYCARDIA 
 Atrial tachycardia is caused by an ectopic focus in the atria 
rapidly depolarising and overriding the normal pacemaker func-
tion of the SA node. It is often preceded by premature atrial 
contractions and is characterised by a sudden onset and an abrupt 
end (Meltzer  et al. ,  1983 ). The atrial rate is normally between 
150 and 250/min (Goodacre  &  Irons,  2008 ). Although the AV 
junction may conduct all the impulses, there is often a degree of 
AV block (Bennett,  2006 ), particularly if there is associated 
digoxin toxicity. 

 Causes of atrial tachycardia include cardiomyopathy, sick 
sinus syndrome, ischaemic heart disease and rheumatic heart 
disease (Houghton  &  Gray,  2003 ). Multifocal atrial tachycardia 
can occur in critically ill elderly patients with respiratory disease. 
It is characterised by multiple atrial foci resulting in P waves of 
varying morphology and of a variable rate (Goodacre  &  Irons, 
 2008 ). 

 Carotid sinus massage is often helpful with diagnosis (Bennett, 
 2006 ). It produces a transient increase in AV block with a corre-
sponding drop in the ventricular rate (Julian  &  Cowan,  1993 ). 
Adenosine may also aid diagnosis (Goodacre  &  Irons,  2008 ). 
Sometimes it can be diffi cult to distinguish sinus tachycardia and 
atrial tachycardia; the P - R interval is usually short in the former 
and long in the latter (Bennett,  2006 ). 

  Identifying  f eatures on the  ECG  

     •       Electrical activity : present.  
   •       QRS rate : usually 150 – 200/min.  
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     Figure 5.3     Non - conducted atrial premature beat.  

4 by 2.5s + 1 rhythm ld MAC5K 001B 12SLTMv2

     Figure 5.4     Atrial tachycardia.  
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   •       QRS rhythm : regular.  
   •       QRS width : normal width and morphology.  
   •       P waves : rate between 150 and 250/min, may not be visible, 

may be merged into preceding T waves; if visible, different 
morphology from sinus P waves.  

   •       Relationship between P waves and QRS complexes : diffi cult to 
ascertain relationship; PR interval often cannot be determined 
because P waves are not clearly distinguishable; if there is AV 
block, P waves may not be conducted to the ventricles (usually 
2   :   1 AV block, i.e. every other P wave is blocked).     

  Effects on the  p atient 

 Atrial tachycardia may be associated with palpitations or haemo-
dynamic compromise due to the loss of effective atrial contrac-
tions and a rapid ventricular rate. In severe cases, the patient may 
become confused due to cerebral hypoxaemia (Docherty,  2002 ).  

  Treatment 

 The patient should be assessed following the ABCDE approach; 
support ABCs, administer oxygen and insert an intravenous 
cannula; monitor blood pressure, the ECG and oxygen satura-
tions; ideally record a 12 lead ECG, if unable to do so print off an 
ECG rhythm strip; identify and treat underlying causes, e.g. 
correct electrolyte abnormalities (Resuscitation Council UK, 
 2006 ). If the patient is stable, use vagal manoeuvres and adenos-
ine (see    pages 226 – 27 ). If the patient is taking digoxin, toxicity 
should be suspected and the digoxin should be omitted (Bennett, 
 2006 ). If the patient is unstable, synchronised electrical cardiover-
sion is recommended (Resuscitation Council UK,  2006 ).  

  Interpretation of Figure  5.4  

     •       Electrical activity : present.  
   •       QRS rate : 180/min.  
   •       QRS rhythm : regular.  
   •       QRS width : normal width and constant morphology.  
   •       P waves : present on the preceding T waves.  
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   •       Relationship between P waves and QRS complexes : each P wave is 
followed by a QRS complex and each QRS complex is preceded 
by a P wave; PR interval constant.      

 The ECG in Figure  5.4  displays atrial tachycardia. The patient 
was admitted to the coronary ward with palpitations. There were 
no adverse signs present and the patient was stable (see page 78). 
Carotid sinus massage applied by the doctor was ineffective. 
Adenosine 6   mg was then administered IV, but without success. 
Three further doses of 12   mg each were also unsuccessful. As there 
were no adverse signs present (i.e. patient did not require cardio-
version at that stage), amiodarone 300   mg was administered IV 
over one hour. This was successful at terminating the arrhythmia. 
The patient ’ s haemodynamic status was monitored throughout in 
order to promptly detect the presence of adverse signs that would 
indicate that the patient was becoming unstable.   

  ATRIAL FLUTTER 
 Atrial fl utter is less common than atrial fi brillation and is nearly 
always associated with signifi cant cardiac disease, e.g. mitral 
valve disease (Nolan  et al. ,  1998 ). It complicates 2 – 5% of acute 
myocardial infarctions (Marriott  &  Meyerburg,  1986 ). It usually 
arises in the right atrium and is often associated with diseases of 
the right side of the heart, e.g. COPD, massive pulmonary embo-
lism and chronic congestive heart failure (Resuscitation Council 
UK,  2006 ). 

 It is characterised by a zigzagging baseline which produces 
the typical sawtooth fl utter (F) waves, often most evident in the 
inferior leads and in lead V1 (Goodacre  &  Irons,  2008 ). If this 
characteristic pattern is not initially obvious, it can be frequently 
visualised by applying carotid sinus massage to increase AV 
block (Thompson,  1997 ). 

 Atrial fl utter is often initiated by an atrial premature beat 
and may degenerate into atrial fi brillation (Bennett,  2006 ). In the 
majority of cases the atrial rate is 300/min and only alternate F 
waves are conducted to the ventricles (2   :   1 AV block) (Camm  &  
Katritsis,  1996 ; Goodacre  &  Irons,  2008 ); the presence of a regular 
tachycardia rate 150/min suggests the possible diagnosis of atrial 
fl utter (Goodacre  &  Irons,  2008 ). 
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  Identifying  f eatures on the  ECG  

     •       Electrical activity : present.  
   •       QRS rate : dependent on the degree of AV block; usually 150/

min.  
   •       QRS rhythm : regular or irregular (dependent on AV block).  
   •       QRS width : normal width and constant morphology.  
   •       P waves : sawtooth fl utter waves present, usually 300/min; best 

seen in inferior leads.  
   •       Relationship between P waves and QRS complexes : usually a 

degree of AV block is present, e.g. 2   :   1, 3   :   1 and 4   :   1 AV block; 
AV block may be variable.     

  Effects on the  p atient 

 Patients with atrial fl utter usually present with rapid palpitations 
(Camm  &  Katritsis,  1996 ). Sometimes atrial fl utter is associated 
with haemodynamic compromise owing to the loss of effective 
atrial contractions and a rapid ventricular rate (Nolan  et al. ,  1998 ).  

  Treatment 

 Atrial fl utter usually responds to carotid sinus massage, most 
commonly with a decrease in ventricular rate (rarely atrial fi bril-
lation or sinus rhythm) (Camm  &  Katritsis,  1996 ). 

 Although class 1 anti - arrhythmic drugs, e.g. sotolol, fl ecainide 
and disopyramide, may terminate atrial fl utter, if unsuccessful 
they may actually lead to 1   :   1 conduction and higher ventricular 
rates (Bennett,  2006 ). Amiodarone is often effective (Nolan  et al. , 
 1998 ) and synchronised cardioversion is very effective (De Silva 
 et al. ,  1980 ). Overdrive atrial pacing can restore sinus rhythm in 
70% of patients (Nolan  et al. ,  1998 ). Catheter ablation has also 
been shown to be effective (Saoudi  et al. ,  1990 ). Any electrolyte 
imbalances should be corrected.  

  Interpretation of Figure  5.5  

     •       Electrical activity : present.  
   •       QRS rate : 110/min.  
   •       QRS rhythm : irregular owing to varying AV block.  
   •       QRS width : normal width and constant morphology.  
   •       P waves : fl utter waves present 300/min.  
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   •       Relationship between P waves and QRS complexes : not every fl utter 
wave is followed by a QRS complex but every QRS complex is 
preceded by a fl utter wave; varying degrees of AV block present.      

 The ECG in Figure  5.5  displays atrial fl utter with varying 
degrees of AV block. This patient was haemodynamically stable 
and there were no adverse signs. Unfortunately, amiodarone was 
ineffective at terminating the arrhythmia. However, following 
synchronised cardioversion at 100 J, sinus rhythm was restored.  

  Interpretation of Figure  5.6  

     •       Electrical activity : present.  
   •       QRS rate : 90/min.  
   •       QRS rhythm : regular.  
   •       QRS width : normal width and constant morphology.  
   •       P waves : fl utter waves present, rate 270/min.  
   •       Relationship between P waves and QRS complexes : not every fl utter 

wave is followed by a QRS complex but every QRS complex is 
preceded by a fl utter wave; 3   :   1 AV block present.      

 The ECG in Figure  5.6  displays atrial fl utter with 3   :   1 AV block. 
This patient was not haemodynamically compromised. There 
were no adverse signs and BP was stable. Amiodarone 300   mg 
was administered IV over one hour which was effective at termi-
nating the arrhythmia.  

  Interpretation of Figure  5.7  

     •       Electrical activity : present.  
   •       QRS rate : 150/min.  
   •       QRS rhythm : regular.  
   •       QRS width : normal width and constant morphology.  
   •       P waves : fl utter waves present, rate 300/min.  
   •       Relationship between P waves and QRS complexes : not every fl utter 

wave is followed by a QRS complex but every QRS complex is 
preceded by a fl utter wave; 2   :   1 AV block present.      

 The ECG in Figure  5.7  displays atrial fl utter with 2   :   1 AV block. 
The constant ventricular rate of 150 per minute is suggestive of 
the diagnosis. Careful examination of the 12 lead ECG recorded 
in this patient (see ECG 22,  page 271 ) confi rms the diagnosis: note 
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     Figure 5.5     Atrial fl utter.  

     Figure 5.6     Atrial fl utter.  
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the fl utter waves in V1 (there are also widespread ischaemic 
changes (ST segment depression). This ECG was recorded in a 
54 - year - old male. He complained of chest tightness, was drowsy, 
clammy, pale and his blood pressure was unrecordable (severe 
adverse signs). He was severely compromised. The cardiology 
registrar was fast bleeped as the patient required urgent electrical 
cardioversion.  

  Interpretation of Figure  5.8  

     •       Electrical activity : present.  
   •       QRS rate : 100/min.  
   •       QRS rhythm : irregular.  
   •       QRS width : normal width and constant morphology.  
   •       P waves : fl utter waves present, rate 300/min.  
   •       Relationship between P waves and QRS complexes : not every fl utter 

wave is followed by a QRS complex but every QRS complex is 
preceded by a fl utter wave; varying degrees of AV block present.      

 The ECG in Figure  5.8  displays atrial fl utter with variable AV 
block. This patient had dilated cardiomyopathy and was acutely 
short of breath. Although the ventricular rate was not unduly 
fast, amiodarone 300   mg was administered IV over one hour, 
followed by 900   mg IV over 24 hours. This treatment regime 
was effective at terminating the arrhythmia.  

  Interpretation of Figure  5.9  

     •       Electrical activity : present.  
   •       QRS rate : 300/min.  
   •       QRS rhythm : regular.  
   •       QRS width : 160   ms wide, constant morphology. Right bundle 

branch block pattern.  
   •       P waves : fl utter waves present, rate 300/min.  
   •       Relationship between P waves and QRS complexes : not every fl utter 

wave is followed by a QRS complex but every QRS complex is 
preceded by a fl utter wave; 1   :   1 AV block present.      

 The ECG in Figure  5.9  displays atrial fl utter with 1   :   1 AV block. 
Careful examination of lead V1 reveals the fl utter waves. This 
patient would have required urgent review by a cardiologist.   
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     Figure 5.7     Atrial fl utter.  

II
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MedGRAPHICS LTD REGULAR25.015

MAC5K 001B 12SLTM v252

     Figure 5.8     Atrial fl utter.  

II

100 Hz 25.0 mm/s 10.0 mm/mV 4 by 2.5 s + 1 rhythm ld
MedGRAPHICS LTD REGULAR 25.813

MAC5K 008B 12SLTM v237o
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     Figure 5.9     Atrial fl utter 1   :   1 conduction.  

     Figure 5.10     Atrial fi brillation.  
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  ATRIAL FIBRILLATION 
 Atrial fi brillation is characterised by rapid re - entrant impulses 
that result in incomplete contractions and ineffective emptying 
of the atria (Camm  &  Katritsis,  1996 ; Hardin  &  Steele,  2008 ). It is 
usually triggered by an atrial ectopic (Zipes,  1992 ), though it may 
result from a degeneration of other supraventricular tachycar-
dias, particularly atrial tachyacrdia and fl utter (Goodacre  &  Irons, 
 2008 ). It may be paroxysmal, persistent or permanent (Goodacre 
 &  Irons,  2008 ). 

 The prevalence of atrial fi brillation increases with age (Lake  &  
Thompson,  1991 ). It is particularly common amongst older adults 
(Hardin  &  Steele,  2008 ); approximately 5% of individuals older 
than age 69 and 8% of those older than age 80 will experience it 
(Rosenthal,  2007 ). 

 Causes of atrial fi brillation include valvular heart disease, 
dilated cardiomyopathy, aortic stenosis, hypertension, ischaemic 
heart disease, pericarditis, thyrotoxicosis, pulmonary disease, 
cardiac surgery, alcohol excess and alcohol withdrawal (Hardin 
 &  Steele,  2008 ). 

 As the atria are not contracting effectively, they do not com-
pletely empty of blood; consequently, blood can pool, forming a 
thrombus (blood clot) which could potentially result in an embolus 
and a stroke (Hardin  &  Steele,  2008 ). It is estimated that 15 – 25% of 
all strokes are associated with atrial fi brillation (Rosenthal,  2007 ). 

 Classifi cation of atrial fi brillation into three major categories 
has been proposed by the American College of Cardiology, 
the American Heart Association and the European Society of 
Cardiology: 

   •       First detected atrial fi brillation : newly diagnosed, the cause will 
need to be identifi ed.  

   •       Recurrent atrial fi brillation : patients who have experienced two 
or more episodes of atrial fi brillation; categorised as either 
paroxysmal (ending    <    7 days) or chronic (lasting    >    7 days). The 
patient ’ s history is important to determine the appropriate 
category (L é vy,  2000 )  

   •       Lone atrial fi brillation : a cardiopulmonary cause can not be 
identifi ed 

  (Source: Fuster  et al. ,  2006 )     
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 The atria discharge at a rate of 350 – 600/min (Bennett,  2006 ). 
These impulses bombard the AV junction and are intermittently 
conducted to the ventricles. This results in the characteristic 
totally irregular QRS rhythm. Sometimes it may be diffi cult to 
distinguish atrial fi brillation with a fast ventricular response from 
other tachycardias. However, the RR interval will be irregular 
and the overall ventricular rate often fl uctuates (Goodacre  &  
Irons,  2008 ). The ventricular rate will depend on the degree of AV 
conduction; with normal conduction the rate will be 100 – 180/
min. Slower ventricular rates suggest a higher degree of AV block 
or the patient may be taking medication that slows conduction in 
the AV node, e.g. digoxin (Goodacre  &  Irons,  2008 ). 

  Identifying  f eatures on the  ECG  

     •       Electrical activity : present.  
   •       QRS rate : may be slow, normal or rapid.  
   •       QRS rhythm : totally irregular (regular if third degree AV block 

present).  
   •       QRS width : usually normal width and constant morphology.  
   •       P waves : not present; irregular baseline owing to fi brillation 

waves.  
   •       Relationship between P waves and QRS complexes : not applicable 

(no P waves present).     

  Effects on the  p atient 

 The loss of  ‘ atrial kick ’  (atrial contraction) results in a decrease 
in cardiac output by as much as 20 – 30% (Stewart,  2002 ); this, 
together with a rapid ventricular response, can lead to a fall in 
cardiac output of up to 50% (Nolan  et al. ,  1998 ). Heart failure may 
occur, particularly if the patient has coexistent valvular heart 
disease or impaired left ventricular function (Nolan  et al. ,  1998 ). 
A signifi cant apical - peripheral pulse defi cit may exist when the 
ventricular rate is rapid (Jevon,  2000 ). 

 However, not all patients with atrial fi brillation will exhibit 
symptoms. Those who do, commonly describe feelings of a rapid 
or irregular heartbeat, or palpitations or fl uttering in the chest 
(Hardin  &  Steele,  2008 ), weakness, shortness of breath, chest pain, 
feeling faint and syncope (McCabe  &  Geoffroy,  2002 ). 
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 If atrial fi brillation persists for more than 48 hours, there is 
stasis of blood in the fi brillating atria, which can lead to clot 
formation (Nolan  et al. ,  1998 ). This results in an increased risk of 
systemic thromboembolism (Wolf  et al. ,  1991 ). In long - term atrial 
fi brillation, warfarin is often administered prophylactically 
against embolisation (BNF 52,  2006 ).  

  Treatment 

 Treatment should take into account the clinical setting in which 
atrial fi brillation occurs; any remediable factors should be 
addressed if possible. The treatment is aimed at: 

   •      Slowing down the ventricular response.  
   •      Converting it to sinus rhythm (if possible).  
   •      Reducing the frequency and haemodynamic effects of subse-

quent atrial fi brillation or preventing further episodes.  
   •      Correcting any electrolyte imbalances.    

 Possible drug therapy includes digoxin and amiodarone. Syn-
chronised electrical cardioversion is used when the patient 
becomes unstable or drug therapy has failed to convert the patient 
to a normal sinus rhythm. The goals of treatment are to control the 
heart rate and rhythm and to prevent an embolism occurring (de 
Denus  et al. ,  2005 ; Singer  et al. ,  2004 ; St - Louis  &  Robichaud -
 Ekstrand,  2003 ). Most patients will receive anti - thrombotic therapy, 
e.g. heparin, low - molecular weight heparin and warfarin.  

  Interpretation of Figure  5.10  

     •       Electrical activity : present.  
   •       QRS rate : 160/min.  
   •       QRS rhythm : irregular.  
   •       QRS width : normal width and constant morphology.  
   •       P waves : none present.  
   •       Relationship between P waves and QRS complexes : not applicable 

(P waves not present).      

 The ECG in Figure  5.10  displays atrial fi brillation with a rapid 
ventricular response. This patient developed atrial fi brillation 
as a complication of myocardial infarction. On assessment, the 
patient was pale, clammy, dyspnoeic and agitated; BP was 80/55. 
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These adverse signs of poor cardiac output indicated that the 
patient was haemodynamically compromised. Urgent electrical 
cardioversion was required.  

  Interpretation of Figure  5.11  

     •       Electrical activity : present.  
   •       QRS rate : 190/min.  
   •       QRS rhythm : irregular.  
   •       QRS width : normal width and constant morphology.  
   •       P waves : none present.  
   •       Relationship between P waves and QRS complexes : not applicable 

(P waves not present).      

 The ECG in Figure  5.11  displays atrial fi brillation with a rapid 
ventricular response. This patient presented to accident and 
emergency with a four - hour history of palpitations. On assess-
ment, the patient was pale, clammy, dyspnoeic and drowsy; BP 
was 70/45. Urgent electrical cardioversion was required.  

  Interpretation of Figure  5.12  

     •       Electrical activity : present.  
   •       QRS rate : 190/min.  
   •       QRS rhythm : irregular.  
   •       QRS width : normal width and constant morphology.  
   •       P waves : none present.  
   •       Relationship between P waves and QRS complexes : not applicable 

(P waves not present).      

 The ECG in Figure  5.12  displays atrial fi brillation with a rapid 
ventricular response. This patient was complaining of palpita-
tions, but although the ventricular rate was rapid, he was surpris-
ingly not haemodynamically compromised. The patient was 
started on IV amiodarone and the cardiology registrar was asked 
to review the patient.  

  Interpretation of Figure  5.13  

     •       Electrical activity : present.  
   •       QRS rate : 140/min.  
   •       QRS rhythm : irregular.  
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     Figure 5.11     Atrial fi brillation.  

     Figure 5.12     Atrial fi brillation.  

o

II

40 Hz 25.0 mm/s 10.0 mm/mV 4 by 2.5 s + 1 rhythm ld MAC5K 006A 12SLTM v233



 
5
 

E
C

G
s for N

urses

92

     Figure 5.13     Atrial fi brillation with aberrant conduction.  

II
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   •       QRS width : 140   ms (aberrant conduction), constant 
morphology.  

   •       P waves : none present.  
   •       Relationship between P waves and QRS complexes : not applicable 

(P waves not present).      

 The ECG in Figure  5.13  displays atrial fi brillation with a rapid 
ventricular response. There is aberrant conduction. The patient 
was complaining of palpitations, but did not have any adverse 
signs. He was started on IV amiodarone and the cardiology 
registrar was asked to review the patient.   

  CHAPTER SUMMARY 
 Cardiac arrhythmias originating in the atria are generally caused 
by either ischaemic damage to, or over distension of, the atrial 
walls. If present, P waves are of different morphology from sinus 
P waves. As the ventricles are activated via the normal conduc-
tion pathways, the QRS complex is usually narrow and of a 
normal morphology. The recognition of APBs, atrial tachycardia, 
atrial fl utter and atrial fi brillation has been described in this 
chapter.  
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 Cardiac Arrhythmias 

Originating in the 

 AV  Junction     

   INTRODUCTION 
 Cardiac arrhythmias originating in the AV junction can be caused 
by suppression of the SA node, increased automaticity, re - entry 
mechanisms or blocking of the impulses in the AV junction itself. 
The inherent pacing rate of the AV junction is 40 – 60 beats/min. 
During junctional arrhythmias the loss of atrial kick can result in 
a fall in cardiac output of 20 – 30% (Guyton,  1992 ). 

 AV re - entrant tachycardia occurs as a result of an anatomically 
distinct AV connection (e.g. bundle of Kent in Wolff - Parkinson -
 White syndrome), which permits the atrial impulse to bypass 
the AV node and junction and depolarise the ventricles early 
(ventricular pre - excitation) (Esberger  et al. ,  2008 ). 

 The aim of this chapter is to be able to recognise cardiac 
arrhythmias originating in the AV junction.  

  LEARNING OUTCOMES 
 At the end of the chapter the reader will be able to discuss the 
characteristic ECG features, list the causes and outline the 
treatment of: 

   ❑      AV junctional ectopics.  
   ❑      AV junctional escape beats.  
   ❑      AV junctional escape rhythm.  
   ❑      AV junctional tachycardia.     

   AV  JUNCTIONAL ECTOPICS 
 AV junctional ectopics are caused by a focus in the AV junction 
fi ring earlier in the cardiac cycle than the next timed beat would 
be expected (Bennett,  2006 ; Camm  &  Katritsis,  1996 ). They are 
less common than atrial and ventricular ectopics (Bennett,  2006 ). 

6



 Cardiac Arrhythmias Originating in the AV Junction 6

97

They can be a normal fi nding and can be worsened by cardiac 
stimulants, e.g. tobacco, caffeine and alcohol (Thompson,  1997 ). 

 AV junctional ectopics are characterised by premature QRS 
complexes, which are of the same morphology as those associated 
with sinus beats. The impulses are conducted retrogradely to the 
atria and antegradely to the ventricles. Consequently, the P waves 
are negative in the inferior leads and positive in aVR. The timing 
of the P waves in relation to the QRS complexes simply depends 
on whether the impulses reach the atria or ventricles fi rst (Hough-
ton  &  Gray,  2003 ); i.e. the P waves may occur immediately before, 
during or following the QRS complexes (Camm  &  Katritsis,  1996 ). 

  Identifying  f eatures on the  ECG  

     •       Electrical activity : present.  
   •       QRS rate : determined by the underlying rhythm.  
   •       QRS rhythm : slightly irregular owing to junctional premature 

beats.  
   •       QRS width : usually normal width and same morphology as the 

QRS complexes associated with sinus beats; however, the pre-
maturity of the beat may result in the impulse being conducted 
to the ventricles with aberration; junctional ectopics occur 
before the next anticipated sinus beat.  

   •       P waves : usually absent; if present they will be of different 
morphology from those associated with sinus beats, will 
usually be of opposite polarity to the QRS complexes (upright 
in V1 or inverted in lead II) and will be located immediately 
prior to or following the QRS complex.  

   •       Relationship between P waves and QRS complexes : if P waves 
present they occur immediately prior to or following the QRS 
complexes; if measurable, PR interval is short.     

  Effects on the  p atient 

 The patient is usually aware of a junctional premature beat, of the 
subsequent pause often described as a  ‘ missed beat ’  or of a stron-
ger post - ectopic beat (Camm  &  Katritsis,  1996 ). The beats are 
more evident at night when the patient is in a left lateral position, 
during or immediately following exercise and while sitting quietly 
(Camm  &  Katritsis,  1996 ). On rare occasions the patient may 
experience chest pain. Sometimes the patient is asymptomatic.  
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  Treatment 

 Treatment is usually not required (Bennett,  2006 ). Any electrolyte 
imbalances should be corrected.  

  Interpretation of Figure  6.1  

       •       Electrical activity : present.  
   •       QRS rate : 70/min.  
   •       QRS rhythm : slightly irregular owing to presence of junctional 

premature beats.  
   •       QRS width : the junctional ectopics are of normal width and the 

same morphology as the sinus beats; they occur prematurely 
before the next anticipated sinus beat and are followed by a 
compensatory pause.  

   •       P waves : none associated with the junctional ectopics.  
   •       Relationship between P waves and QRS complexes : no P waves 

associated with junctional ectopics.    

 The ECG in Figure  6.1  displays sinus rhythm with junctional 
ectopics. The monitoring lead is lead II and the ST elevation is 
suggestive of acute myocardial infarction (12 lead ECG was 
required to help confi rm this diagnosis). The absence of P waves, 
but normal width QRS complexes identical to those associated 
with the sinus beats, confi rms that the ectopic focus is sited in the 
AV junction. The patient ’ s blood pressure remained stable and 
there were no adverse affects. No treatment was required.   

   AV  JUNCTIONAL ESCAPE BEATS 
 If the SA node fails to discharge, escape beats will normally arise 
from a subsidiary pacemaker, usually the AV junction. Junctional 
escape beats are not a primary diagnosis; they are symptomatic 
of an underlying primary disturbance to which they are second-
ary (Marriott,  1988  and Jevon,  2002 ). 

 Following a long pause in the cardiac cycle, junctional escape 
beats  ‘ rescue ’  the heart from cardiac standstill. To quote Professor 
Marriott  (1988) , an escape beat  ‘ is a rescuing beat  –  a friend in 
need  –  and as such, of course, should never be treated ’ . 

 The SA node usually recovers and resumes its role as pace-
maker immediately following a junctional escape beat. Sometimes 
a series of junctional escape beats occur; six or more are commonly 
termed junctional escape rhythm or idiojunctional rhythm. 
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 Junctional escape beats are characterised by late QRS com-
plexes, which are similar in appearance to those occurring in 
sinus rhythm. They occur later than the expected sinus beat. They 
are not usually associated with retrograde conduction (Marriott, 
 1988 ). It is important to distinguish between premature beats and 
escape beats because the latter suggests impaired pacemaker 
function (Bennett,  2006 ). 

  Identifying  f eatures on the  ECG  

     •       Electrical activity : present.  
   •       QRS rate : determined by underlying rhythm.  
   •       QRS rhythm : irregular owing to pauses.  
   •       QRS width : usually normal width and same morphology as the 

QRS complexes associated with sinus beats; junctional escape 
beats occur later than the next anticipated sinus beat.  

   •       P waves : usually absent; if present are of different morphology 
from those associated with sinus beats, are of opposite polarity 
to the QRS complexes (upright in V1 or inverted in lead II) and 
occur immediately prior to or following the QRS complex.  

   •       Relationship between P waves and QRS complexes : if P waves 
present they occur immediately prior to or following the QRS 
complexes; if measurable, PR interval is short.     

  Effects on the  p atient 

 Depending on the length of the preceding pause, the patient may 
complain of lightheadedness or dizziness.  

  Treatment 

 Junctional escape beats themselves do not require treatment. 
They should not be suppressed by drugs (Bennett,  2006 ). 
However, atropine is sometimes administered to speed up the 
underlying rhythm. Investigations may be required to establish 
the cause of SA node failure. Medications such as beta blockers 
may need to be withdrawn or have their dose reduced. Any 
electrolyte imbalances should be corrected.  

  Interpretation of Figure  6.2  

       •       Electrical activity : present.  
   •       QRS rate : 50/min.  
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     Figure 6.2     Junctional escape beats.  

     Figure 6.1     Junctional premature beats.  
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   •       QRS rhythm : irregular owing to pauses.  
   •       QRS width : the QRS complexes in the underlying rate are wide 

(0.12   s/3 small squares); the junctional escape beat is of normal 
width and expected morphology for lead II.  

   •       P waves : none associated with junctional escape beat; otherwise 
present and constant morphology.  

   •       Relationship between P waves and QRS complex : AV 
dissociation.    

 The ECG in Figure  6.2  displays third degree AV block with a 
ventricular escape rhythm. The ventricular rhythm is unusually 
rapid (50/min). However, an almost 2   s pause results in a junc-
tional escape beat. As a rule, the inherent junctional rhythm is 
faster than its ventricular counterpart. On this occasion, however, 
it is slower, perhaps because the patient had an acute inferior 
myocardial infarction (increased vagal tone affecting the AV junc-
tion). No treatment was required as sinus rhythm quickly ensued.   

   AV  JUNCTIONAL ESCAPE RHYTHM 
 Junctional escape rhythm is said to be present when there are six 
or more consecutive junctional escape beats. It can occur if the SA 
node fails to initiate impulses. It is not a primary diagnosis, rather 
a symptom of an underlying primary disturbance to which it is 
secondary. It is often initiated with a junctional escape beat. The 
inherent rate of the AV junction is 40 – 60 beats/min (Channer  &  
Morris,  2008 ). Junctional escape rhythm begins later than the next 
anticipated sinus beat and the rate will be slower than the normal 
sinus rate. 

  Identifying  f eatures on the  ECG  

     •       Electrical activity : present.  
   •       QRS rate : usually 40 – 60/min.  
   •       QRS rhythm : usually regular.  
   •       QRS width : usually normal width and same confi guration as 

the QRS complexes associated with sinus beats.  
   •       P waves : usually absent; if present, are of different morphology 

from those associated with sinus beats, are of opposite polarity 
to the QRS complexes (upright in V1 or inverted in lead II) and 
occur immediately prior to or following the QRS complex.  
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   •       Relationship between P waves and QRS complexes : if P waves 
present they occur immediately prior to or following the QRS 
complexes; if measurable, PR interval is short.     

  Effects on the  p atient 

 The patient may be haemodynamically compromised, particu-
larly if the rhythm is sustained. The loss of  ‘ atrial kick ’  will con-
tribute to the fall in cardiac output.  

  Treatment 

 Junctional escape rhythm itself does not require treatment. It 
should not be suppressed by drugs (Bennett,  2006 ). Treatment is 
aimed at stimulating a higher pacemaker. Sometimes atropine is 
administered to speed up the underlying rhythm. Pacing may be 
required. The cause of SA node failure should be sought, e.g. 
medications, myocardial ischaemia/infarction. Any electrolyte 
imbalances should be corrected.  

  Interpretation of Figure  6.3  

       •       Electrical activity : present.  
   •       QRS rate : 35/min.  
   •       QRS rhythm : regular.  
   •       QRS width : normal width and morphology constant.  
   •       P waves : on this lead unable to identify any P waves; a 12 lead 

ECG would probably highlight them situated on the T waves.  
   •       Relationship between P waves and QRS complexes : not applicable.    

 The ECG in Figure  6.3  displays junctional escape rhythm. This 
patient was taking beta blockers which may explain why the 
junctional rhythm is unusually slow. Although the QRS rate was 
slow, there were no other adverse signs. The BP was 110/70. The 
beta blocker was temporarily omitted and sinus rhythm rapidly 
ensued. No further treatment was required.  

  Interpretation of Figure  6.4  

       •       Electrical activity : present.  
   •       QRS rate : 50/min.  
   •       QRS rhythm : regular.  
   •       QRS width : normal width and constant morphology.  
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     Figure 6.3     Junctional escape rhythm.  

     Figure 6.4     Junctional escape rhythm.  
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   •       P waves : present but inverted.  
   •       Relationship between P waves and QRS complexes : each P wave is 

followed by a QRS complex and each QRS complex is preceded 
by a P wave; abnormally short PR interval together with 
inverted (instead of expected upright) P waves implying 
retrograde conduction to the atria from the AV junction.    

 The ECG in Figure  6.4  (lead II) displays junctional escape 
rhythm. Inverted P waves in lead II, together with a short PR 
interval, are characteristic ECG features of junctional escape 
rhythm. This patient had been admitted with a suspected myo-
cardial infarction. There were no adverse signs and the BP was 
115/80. No treatment was required. Continuous cardiac monitor-
ing was started.  

  Interpretation of Figure  6.5  

       •       Electrical activity : present.  
   •       QRS rate : 60/min.  
   •       QRS rhythm : regular.  
   •       QRS width : normal width and constant morphology.  
   •       P waves : present but inverted (note the upright P wave in aVR)  
   •       Relationship between P waves and QRS complexes : each P wave is 

followed by a QRS complex and each QRS complex is preceded 
by a P wave; the PR interval is within normal limits.    

 The ECG in Figure  6.5  displays junctional escape rhythm. 
Inverted P waves in lead II and aVR are characteristic ECG 
features of junctional escape rhythm. The PR interval is within 
normal limits. This patient was asymptomatic and no treatment 
was required.   

   AV  JUNCTIONAL TACHYCARDIA 
 AV junctional tachycardia is characterised by a sudden onset, an 
abrupt end, a regular rhythm and a rate of 180 – 200 beats/min 
(Camm  &  Katritsis,  1996  and Jevon & Ewens,  2007 ). The QRS 
complexes are of the same morphology as those associated with 
sinus beats (unless there is aberrant conduction or an existing 
conduction defect). 

 Tachycardia related ST depression is frequently evident, which 
may persist following the termination of the arrhythmia, but is not 
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signifi cant (Nolan  et al. ,  1998 ). Abnormal (retrograde) P waves 
may be present. However, in the majority of cases, atrial and ven-
tricular depolarisation occurs simultaneously, with the resultant P 
waves either superimposed on, or hidden in, the QRS complexes. 

 AV junctional tachycardia is normally caused by a re - entry 
mechanism, triggered activity or enhanced automaticity (Esberger 
 et al. ,  2008 ). 

  Identifying  f eatures on the  ECG  

     •       Electrical activity : present.  
   •       QRS rate : usually 180 – 200/min.  
   •       QRS rhythm : usually regular.  
   •       QRS width : usually normal width and same morphology as the 

QRS complexes associated with sinus beats (unless aberrant 
conduction present).  

   •       P waves : usually absent; if present they will be of different 
morphology from those associated with sinus beats and will 
usually be of opposite polarity to the QRS complexes (upright 
in V1 or inverted in lead II) and will be located immediately 
prior to or following the QRS complex.  

   •       Relationship between P waves and QRS complexes : if P waves 
present they occur immediately prior to or following the QRS 
complexes; if measurable, PR interval is short.     

  Effects on the  p atient 

 Some patients may be asymptomatic. Most will complain of pal-
pitations. Occasionally the patient may become haemodynami-
cally compromised. This is infl uenced by the rate, duration of the 
episode and underlying cardiac disease (Wang  et al. ,  1991 ).  

  Treatment 

 Vagal manoeuvres may slow or terminate AV junctional tachycar-
dia (Resuscitation Council UK,  2006 ). Adenosine is often the fi rst 
drug of choice if there are no contraindications. Atrial pacing 
and cardioversion are other options if drug therapy fails (Nolan 
 et al. ,  1998 ). If the patient is severely compromised and there are 
adverse signs or if other treatments fail, synchronised electrical 
cardioversion is usually undertaken. Radio frequency ablation 
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     Figure 6.5     Junctional escape rhythm.  

II

     Figure 6.6     Junctional tachycardia.  
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may sometimes be required (Nolan  et al. ,  1998 ). Any electrolyte 
imbalances should be corrected.  

  Interpretation of Figure  6.6  

       •       Electrical activity : present.  
   •       QRS rate : 150/min.  
   •       QRS rhythm : regular.  
   •       QRS width : normal width and morphology constant.  
   •       P waves : appear to be superimposed on the T waves immedi-

ately following the QRS complexes, opposite polarity to the 
QRS complexes; P waves upright in V1.  

   •       Relationship between P waves and QRS complexes : P waves appear 
to follow QRS complexes (retrograde conduction); PR interval 
non - existent.    

 The ECG in Figure  6.6  displays AV junctional tachycardia. 
Upright P waves in V1 (retrograde conduction from the AV 
junction) which are of opposite polarity to the QRS complexes 
(antegrade conduction from the AV junction) help to confi rm 
the diagnosis. This patient was complaining of palpitations but 
was not haemodynamically compromised. The BP was 135/90 
and there were no adverse signs present. The tachycardia did not 
respond to carotid sinus massage. However, following adminis-
tration of adenosine, it did revert to sinus rhythm.  

  Interpretation of Figure  6.7  

       •       Electrical activity : present.  
   •       QRS rate : 180/min.  
   •       QRS rhythm : regular.  
   •       QRS width : normal width and morphology constant.  
   •       P waves : none identifi able.  
   •       Relationship between P waves and QRS complexes : no identifi able 

P waves.    

 The ECG in Fig.  6.7 a displays AV junctional tachycardia. The 
patient was complaining of palpitations but no adverse signs 
were present. The BP was 108/74. The tachycardia did not 
respond to carotid sinus massage. However, following adminis-
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     Figure 6.7     (a) Junctional tachyardia, (b) following administration of adenosine 6   mg IV, (c) and sinus tachycardia.  
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tration of adenosine 6   mg IV, it did revert to sinus tachycardia 
with frequent atrial and ventricular ectopics (Figure  6.7 b) and 
then sinus tachycardia rate 110/min (Figure  6.7 c).  

  Interpretation of Figure  6.8  

       •       Electrical activity : present.  
   •       QRS rate : 170/min.  
   •       QRS rhythm : regular.  
   •       QRS width : normal width and morphology constant.  
   •       P waves : none identifi able.  
   •       Relationship between P waves and QRS complexes : no identifi able 

P waves.    

 The ECG in Figure  6.8 a displays AV junctional tachycardia. 
This patient was a 42 - year - old lady with a four - hour history of 
palpitations. When she presented to A  &  E she was breathless 
and complaining of chest tightness (note the ST segment depres-
sion on the ECG). The tachycardia did not respond to carotid 
sinus massage. However, following administration of adenosine 
6   mg IV and then 12   mg IV it reverted to profound bradycardia 
(Figure  6.8 b) and then sinus rhythm/sinus tachycardia (Figure 
 6.8 c). This reinforces the importance of ensuring the patient is 
supine on a bed or couch, on an ECG monitor with resuscitation 
equipment and warning him that he may experience lightheaded-
ness before administering adenosine.  

  Interpretation of Figure  6.9  

       •       Electrical activity : present.  
   •       QRS rate : 150/min.  
   •       QRS rhythm : regular.  
   •       QRS width : normal width and morphology constant.  
   •       P waves : none identifi able.  
   •       Relationship between P waves and QRS complexes : no identifi able 

P waves.    

 The ECG in Figure  6.9  displays AV junctional tachycardia. This 
patient was a 65 - year - old lady who was complaining of palpita-
tions while receiving chemotherapy. She was also complaining 



 
6
 

E
C

G
s for N

urses

110

     Figure 6.8     (a) Junctional tachycardia, (b) following administration of adenosine 6   mg and 12   mg IV (c) and sinus tachycardia.  

(a)

(b)
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     Figure 6.9     Junctional tachycardia.  

II
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of chest tightness: there is ST depression evident. A 12 lead ECG 
was recorded which showed widespread ischaemic changes. 
The chemotherapy was temporarily stopped and the cardiologist 
asked to review the patient.   

  CHAPTER SUMMARY 
 Junctional arrhythmias, which originate in the AV junction, are 
caused by increased automaticity, suppression of the SA node, 
re - entry mechanisms or blocking of the impulses in the AV junc-
tion itself. Characteristics of junctional arrhythmias include 
narrow QRS complexes and P waves that are either absent or, if 
present, immediately precede or follow the QRS complexes. They 
are usually inverted in leads where they are normally upright 
and are of opposite polarity to the associated QRS complexes.  
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 Cardiac Arrhythmias 

Originating in the Ventricles     

   INTRODUCTION 
 Cardiac arrhythmias originating in the ventricles are commonly 
caused by an acute myocardial infarction or myocardial isch-
aemia. Many patients with ischaemic heart disease fi rst present 
with a ventricular tachyarrhythmia, leading to cardiac arrest and 
sudden death, without any obvious preceding history of myocar-
dial infarction or angina (Nolan  et al. ,  1998 ). Other causes of 
ventricular arrhythmias include cardiac surgery, valvular disease, 
left ventricular failure, cardiomyopathy and ventricular aneu-
rysm (Bigger,  1991 ). 

 The altered pathway of impulse conduction and ventricular 
depolarisation associated with ventricular arrhythmias results in 
characteristically wide and bizarre QRS complexes which differ 
in morphology to QRS complexes associated with the underlying 
rhythm. 

 The aim of this chapter is to recognise cardiac arrhythmias 
originating in the ventricles. Ventricular fi brillation, a cardiac 
arrhythmia associated with cardiac arrest, is discussed in 
Chapter  9 .  

  LEARNING OUTCOMES 
 At the end of the chapter the reader will be able to discuss the 
characteristic ECG features, list the causes and outline the treat-
ment for: 

   ❑      Ventricular ectopics.  
   ❑      Ventricular escape beats.  
   ❑      Idioventricular rhythm.  
   ❑      Accelerated idioventricular rhythm.  

7
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   ❑      Ventricular tachycardia.  
   ❑      Torsades de pointes.     

  VENTRICULAR ECTOPICS 
 Ventricular ectopics (VEs), sometimes called ventricular prema-
ture beats (VPBs) or contractions, are caused by an ectopic focus 
in the ventricles (Docherty,  2003 ). Causes of ventricular ectopics 
include ischaemic heart disease, myocardial infarction, electro-
lyte imbalances and heart failure. 

 Most ventricular ectopics are wide (0.12   s/3 small squares or 
more) and bizarre in shape. This is caused by depolarisation 
across the ventricle walls, which increases the time for contrac-
tion to occur, as opposed to the normal His - Purkinje systems. The 
QRS morphology of the VE differs from that of the QRS complex 
associated with the underlying rhythm. Generally, an ectopic 
originating in the left ventricle has a right bundle branch block 
appearance (positive in V1), and one originating in the right 
ventricle has a left bundle branch block appearance (negative in 
V1). The ST segment usually slopes in a direction opposite to the 
QRS defl ection (Camm  &  Katritsis,  1996 ). A conducted retrograde 
P wave may be identifi able in the ST segment/T wave. A full 
compensatory pause will usually follow  –  the term  ‘ compensa-
tory pause ’  is so called because the cycle following the ventricular 
ectopic compensates for its prematurity and the sinus rhythm 
then resumes on schedule (Marriott,  1988 ). 

  Ventricular  e ctopic  t erminology 

     •       Uniform or unifocal VEs : VEs of the same morphology (see 
Figures  7.1  and  7.2 ).  

   •       Multiform : two or more VEs of distinctly different morphology 
(the use of the term  ‘ multifocal ’  is not recommended because 
impulses from the same focus may be conducted differently 
(Camm  &  Katritsis,  1996 ) (see Figure  7.3 ).  

   •       R on T VPB : a VE which  ‘ lands ’  on the T wave.  
   •       Ventricular bigeminy : a VE after every sinus beat.  
   •       Ventricular trigeminy : a VE after every two sinus beats.  
   •       Couplets : pairs of VEs (see Figure  7.4 ).  
   •       Salvos : three or more consecutive VEs.       
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  Identifying  f eatures on the  ECG  

     •       Electrical activity : present.  
   •       QRS rate : determined by the underlying rhythm.  
   •       QRS rhythm : irregular due to presence of ectopics.  
   •       QRS width : the VE will be wide (0.12   s/3 small squares or 

more), bizarre with changing amplitude, morphology and 
defl ection; morphology differs from that of the QRS complexes 
associated with the underlying rhythm; ST segment usually 
slopes in a direction opposite to the QRS defl ection; occur 
before the next anticipated sinus beat and are usually followed 
by a compensatory pause.  

   •       P waves : usually none associated with the VEs (situated on the 
T wave if present  –  retrograde conduction).  

   •       Relationship between P waves and QRS complexes : usually not 
possible to determine the relationship between P waves and 
VEs.     

  Effects on the  p atient 

 The patient is usually aware of the premature beat itself, of the 
subsequent pause often described as a missed beat, or of a stron-
ger post - ectopic beat (Camm  &  Katritsis,  1996 ). VEs are more 
noticeable at night when the patient is in a left lateral position, 
during or immediately following exercise and while sitting quietly 
(Camm  &  Katritsis,  1996 ). On rare occasions the patient may 
experience chest pain. Sometimes the patient is asymptomatic. 

 They can be associated with a signifi cant fall in stroke volume 
and are often not pulse - producing; frequent VEs can therefore 
have signifi cant haemodynamic effects on the patient.  

  Treatment 

 In the 1980s the administration of anti - arrhythmic drugs to sup-
press VEs in order to try to  ‘ prevent ventricular fi brillation ’  was 
common practice. However, the prophylactic treatment of VEs 
was found to be ineffective and in fact increase mortality (Mac-
Mahon  et al. ,  1988 ). It is now standard practice to treat ventricular 
fi brillation if it occurs, rather than attempt to suppress the VEs 
and prevent it. Treatable causes such as electrolyte imbalances 
and hypoxia should be corrected (Jowett  &  Thompson,  1995 ). 
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 Current recommendations for the management of frequent VEs 
associated with acute myocardial infarction include adequate 
pain relief, effective treatment of heart failure and correction of 
any electrolyte imbalance (Nolan  et al. ,  1998 ).  

  Interpretation of Figure  7.1  

     •       Electrical activity : present.  
   •       QRS rate : underlying rate is 60/min.  
   •       QRS rhythm : irregular owing to presence of VPBs.  
   •       QRS width : VEs are wide (0.14   s/3.5 small squares) and bizarre; 

VE morphology differs from that of the QRS complexes associ-
ated with the underlying rhythm and ST segment slopes in an 
opposite direction to the QRS defl ection; the ectopics occur 
before the next anticipated sinus beat.  

   •       P waves : inverted P waves can be seen on the ascending 
limb of the T waves of the ectopics, indicating retrograde con-
duction from the ventricles to the atria; this possibly explains 
why there isn ’ t a full compensatory pause following the 
ectopic.  

   •       Relationship between P waves and QRS complexes : unable to 
determine.    

 The ECG in Figure  7.1  displays sinus rhythm with uniform or 
unifocal VPBs. The VPBs have identical morphology, indicating 
that they have been caused by the same ectopic focus in the ven-
tricles. The patient had complained of palpitations. Only isolated 
VEs were identifi ed on the ECG and no treatment was required. 
The BP remained stable and there were no adverse signs. The 
electrolyte levels were within normal limits.  

  Interpretation of Figure  7.2  

     •       Electrical activity : present.  
   •       QRS rate : underlying rate is 65/min.  
   •       QRS rhythm : slightly irregular owing to presence of VE.  
   •       QRS width : VE is wide (0.14   s/3.5 small squares) and bizarre; 

VPB morphology differs from that of the QRS complexes asso-
ciated with the underlying rhythm and ST segment slopes in 
an opposite direction to the QRS defl ection; the VE occurs 
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     Figure 7.1     Ventricular premature beats.  

     Figure 7.2     Ventricular ectopic.  

N N N N A UN N N
9189021302588929923905



 Cardiac Arrhythmias Originating in the Ventricles 7

119

before the next anticipated sinus beat and is followed by a full 
compensatory pause.  

   •       P waves : none associated with ventricular ectopics.  
   •       Relationship between P waves and QRS complexes : unable to 

determine.    

 The ECG in Figure  7.2  displays sinus rhythm with one VE. It 
was recorded by a 24 - hour tape in a patient with a history of 
palpitations.  

  Interpretation of Figure  7.3  

     •       Electrical activity : present.  
   •       QRS rate : underlying rate is 80/min.  
   •       QRS rhythm : slightly irregular owing to presence of VPBs.  
   •       QRS width : ventricular ectopics are wide (0.14   s/3.5 small 

squares) and bizarre; VPB morphology differs from that of the 
QRS complexes associated with the underlying rhythm and ST 
segment slopes in an opposite direction to the QRS defl ection; 
ventricular ectopics occur before the next anticipated sinus 
beat and are followed by a full compensatory pause.  

   •       P waves : none associated with ventricular ectopics.  
   •       Relationship between P waves and QRS complexes : unable to 

determine.    

 The ECG in Figure  7.3  displays sinus rhythm with VEs with 
varying morphology, suggesting that they have been caused by 
two ectopic foci in the ventricles. If multi - formed VEs are observed 
on the ECG, always check serum potassium levels.  

  Interpretation of Figure  7.4  

     •       Electrical activity : present.  
   •       QRS rate : underlying rate is approximately 50/min.  
   •       QRS rhythm : irregular due to presence of ventricular ectopics.  
   •       QRS width : VEs are wide (0.14   s/3.5 small squares) and bizarre; 

ventricular ectopic morphology differs from that of the QRS 
complexes associated with the underlying rhythm and ST 
segment slopes in an opposite direction to the QRS defl ection; 
ventricular ectopics occur before the next anticipated sinus 
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     Figure 7.3     Multi - focal ventricular ectopics.  

     Figure 7.4     Couplets of ventricular ectopics.  
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beat and are followed by a full compensatory pause; some 
ventricular ectopics occur in pairs (couplets).  

   •       P waves : are present before the sinus QRS complexes; some are 
present on VE and are non - conducted.  

   •       Relationship between P waves and QRS complexes : normal 
relationship between the P waves and the sinus QRS com-
plexes; P waves that fall on the T waves of the VEs are 
non - conducted.    

 The ECG in Figure  7.4  displays sinus rhythm with unifocal VEs 
and couplets of VEs. The VEs have identical morphology indicat-
ing that they have been caused by the same ectopic focus in the 
ventricles. A patient presenting with such an ECG may be hae-
modynamically compromised because of the frequency of the 
VEs. Oxygen would need to be administered and the patient 
placed in a semi - recumbent position. Serum potassium level 
would need to be checked.   

  VENTRICULAR ESCAPE BEATS 
 Ventricular escape beats occur if all potential pacemakers above 
the ventricles fail to initiate impulses or if these impulses are 
blocked and fail to reach the ventricles. They are not a primary 
diagnosis; they are symptomatic of some underlying primary 
disturbance to which they are secondary (Marriott,  1988 ). Ven-
tricular escape beats can occur in a variety of settings, including 
myocardial infarction, digoxin toxicity, overdose of calcium 
channel blockers or beta blockers and electrolyte disturbances 
(Purcell,  1993 ). 

 In contrast to ventricular ectopics, ventricular escape beats 
occur later than the next anticipated PQRS complex associated 
with the underlying rhythm. Following a long pause in the 
underlying rhythm, ventricular escape beats  ‘ rescue ’  the heart 
from cardiac standstill. To quote Marriott  (1988) , an escape beat 
 ‘ is a rescuing beat  –  a friend in need  –  and as such, of course, 
should never be treated ’ . 

 Ventricular escape beats have similar morphological character-
istics to ventricular ectopics; they are wide (0.12   s/3 small squares 
or more), bizarre in shape and the morphology differs from that 
of the QRS complexes associated with the underlying rhythm. In 
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general, those originating in the left ventricle have a right bundle 
branch block appearance (positive in V1), and those originating 
in the right ventricle have a left bundle branch block appearance 
(negative in V1). The ST segment usually slopes in a direction 
opposite to the QRS defl ection. They are not usually associated 
with retrograde conduction (Marriott,  1988 ). 

 Normally, the SA node will recover and resume its role as 
pacemaker immediately following an escape beat. Sometimes a 
series of escape beats will occur. Six or more ventricular escape 
beats are commonly termed idioventricular rhythm. 

  Identifying  f eatures on the  ECG  

     •       Electrical activity : present.  
   •       QRS rate : determined by underlying rhythm.  
   •       QRS rhythm : determined by underlying rhythm; presence of 

ventricular escape beats will result in pauses and an irregular 
rhythm.  

   •       QRS width : usually wide (0.12   s/3 small squares or more) and 
bizarre, QRS morphology differs from that of the QRS com-
plexes associated with the underlying rhythm; ST segment 
usually slopes in an opposite direction to the QRS defl ection 
and occurs later than the next anticipated beat, i.e. following a 
pause in the underlying rhythm.  

   •       P waves : usually absent.  
   •       Relationship between P waves and QRS complexes : unable to 

determine.     

  Effects on the  p atient 

 If there are long pauses the patient may become haemodynami-
cally compromised. The patient may be aware of the pauses.  

  Treatment 

 Ventricular escape beats themselves do not require treatment. 
They should not be suppressed by drugs (Bennett,  2006 ). 
However, atropine is sometimes administered to speed up the 
underlying rhythm; pacing may be required. The cause of SA 
node and junctional failure should be established and, if possible, 
treated. Any electrolyte imbalance should be corrected.   
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  IDIOVENTRICULAR RHYTHM 
 An idioventricular rhythm is a series of fi ve or more consecutive 
ventricular escape beats. It can occur if all potential pacemakers 
above the ventricles fail to initiate impulses, if the underlying 
rhythm is slower than the intrinsic ventricular rhythm or if there 
is third degree AV block. The latter is the most common cause 
(Purcell,  1993 ). 

 Idioventricular rhythm is not a primary diagnosis, rather a 
symptom of an underlying primary disturbance to which it is 
secondary. Causes include acute myocardial infarction, reperfu-
sion following thrombolysis, drugs and electrolyte disturbances. 
The morphology of the QRS complexes is the same as ventricular 
escape beats. It is often initiated with a ventricular escape beat. 

  Identifying  f eatures on the  ECG  

     •       Electrical activity : present.  
   •       QRS rate : usually 20 – 40/min.  
   •       QRS rhythm : usually regular.  
   •       QRS width : usually wide (0.12   s/3 small squares or more) and 

bizarre; VPB morphology differs from that of the QRS com-
plexes associated with the underlying rhythm; ST segment 
usually slopes in an opposite direction to the QRS defl ection; 
usually starts after a pause in the underlying rhythm.  

   •       P waves : usually absent, though may be present if complete AV 
block exists.  

   •       Relationship between P waves and QRS complexes : AV dissociation 
if AV block present.     

  Effects on the  p atient 

 The patient may be haemodynamically compromised, particu-
larly if the rhythm is sustained or slow. The loss of  ‘ atrial kick ’  
will contribute to the fall in cardiac output; however, it is rarely 
sustained.  

  Treatment 

 Idioventricular rhythm itself does not require treatment. It should 
not be suppressed by drugs (Bennett,  2006 ). Treatment is aimed 
at stimulating a higher pacemaker. Sometimes atropine is admin-
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istered to speed up the underlying rhythm. Pacing may be 
required. The cause of SA node and junctional failure should be 
established and treated if possible. Any electrolyte imbalances 
should be corrected.  

  Interpretation of Figure  7.5  

       •       Electrical activity : present.  
   •       QRS rate : 30/min.  
   •       QRS rhythm : regular.  
   •       QRS width : wide (0.16   s/4 small squares) and bizarre; ST 

segment slopes in an opposite direction to the QRS defl ection.  
   •       P waves : absent.  
   •       Relationship between P waves and QRS complexes : unable to 

determine.    

 The ECG in Figure  7.5  displays idioventricular rhythm. The 
slow rate distinguishes it from accelerated idioventricular rhythm. 
This patient was admitted with an acute inferior myocardial 
infarction. His BP was 70/45 and he was pale and clammy. As 
adverse signs were present, atropine 500   mcg was administered 
IV, which was successful in speeding up the sinus rate. Idioven-
tricular rhythms associated with inferior myocardial infarction 
rarely require treatment. However, on this occasion treatment 
was required because the patient was severely haemodynami-
cally compromised.   

  ACCELERATED IDIOVENTRICULAR RYTHM 
 An accelerated idioventricular rhythm is when an ectopic ven-
tricular focus is discharging at a rate of approximately 100 – 120/
min (Edhouse  &  Morris,  2008 ). It is often caused by increased 
automaticity. AV dissociation is often present until the sinus rate 
increases suffi ciently to regain control of cardiac contraction. 

 It is frequently associated with myocardial infarction (Hampton, 
 2000 ; Lichstein  et al. ,  1976 ; Nolan  et al. ). It is also often seen during 
coronary reperfusion following thrombolytic therapy (Miller 
 et al. ,  1986 ). It is very similar to idioventricular rhythm except 
that the rate is faster and AV dissociation is often present. 
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     Figure 7.5     Idioventricular rhythm.  

     Figure 7.6     Ventricular tachycardia.  
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  Identifying  f eatures on the  ECG  

     •       Electrical activity : present.  
   •       QRS rate : 100 – 120/min.  
   •       QRS rhythm : usually regular.  
   •       QRS width : usually wide (0.12   s/3 small squares or more) and 

bizarre; VPB morphology differs from that of the QRS com-
plexes associated with the underlying rhythm; ST segment 
usually slopes in an opposite direction to the QRS defl ection.  

   •       P waves : often present.  
   •       Relationship between P waves and QRS complexes : usually AV 

dissociation.     

  Effects on the  p atient 

 An accelerated idioventricular rhythm is normally well tolerated 
by the patient. It is rarely associated with haemodynamic com-
promise and rarely degenerates into a life - threatening ventricular 
tachyarrhythmia (Nolan  et al. ,  1998 ).  

  Treatment 

 An accelerated idioventricular rhythm is benign and should not 
be treated (Hampton,  2000 ).   

  VENTRICULAR TACHYCARDIA 
 Ventricular tachycardia (VT) is commonly associated with isch-
aemic heart disease, particularly as an early or late consequence 
of myocardial infarction (Josephson  et al. ,  1978 ; Wellens  et al. , 
 1976 ). During the acute phase of myocardial infarction, VT com-
monly deteriorates into ventricular fi brillation and is responsible 
for a considerable number of sudden cardiac deaths in the com-
munity (Camm  &  Katritsis,  1996 ). Other causes of VT include 
cardiomyopathy, electrolyte imbalances and drugs. 

 VT is diagnosed if there are three or more successive ventricu-
lar ectopics at a rate  > 120   min; it is classed as sustained VT if it 
lasts for more than 30 seconds and unsustained VT if it lasts for 
less than 30 seconds (Edhouse  &  Morris,  2008 ; Josephson,  1993 ). 
The QRS complexes are wide (0.12   s/3 small squares or more) and 
bizarre. In monomorphic VT the QRS complexes are of constant 
morphology shape. In polymorphic VT the QRS morphology 
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changes (torsades de pointes, an important variety of this, is 
discussed in the next section). 

 In approximately 70% of cases of VT, the atria may continue to 
depolarise independently of the ventricle, i.e. AV dissociation 
(Camm  &  Katritsis,  1996 ). As this activity is completely indepen-
dent of ventricular activity, the resultant P waves are dissociated 
from the QRS complexes and are positive in lead II (Edhouse  &  
Morris,  2008 ). This independent atrial activity can lead to fusion 
and capture beats, the presence of which are hallmarks of 
ventricular tachycardia. 

 A fusion beat occurs when an impulse from the SA node travel-
ling antegradely meets an impulse from the ventricles travelling 
retrogradely. The ventricles are therefore depolarised partly by 
the impulse being conducted through the His - Purkinje system 
and partly by the impulse arising in the ventricle (Edhouse  &  
Morris,  2008 ). The QRS complex that results partly resembles a 
normal complex and partly resembles a VPB complex (Jowett  &  
Thompson,  1995 ). Fusion beats are uncommon, and although 
their presence supports a diagnosis of ventricular tachycardia, 
their absence does not exclude the diagnosis (Edhouse  &  Morris, 
 2008 ). 

 A capture beat occurs when an impulse from the SA node is 
conducted to the ventricles, resulting in a P wave followed by a 
normal QRS complex (Jowett  &  Thompson,  1995 ), without other-
wise interrupting the arrhythmia (Resuscitation Council UK, 
 2006 ). Capture beats are uncommon, and although their presence 
supports a diagnosis of ventricular tachycardia, their absence 
does not exclude the diagnosis (Edhouse  &  Morris,  2008 ). 

 Most broad complex tachycardias are ventricular in origin, i.e. 
ventricular tachycardia. Occasionally a supraventricular tachy-
cardia can be conducted with bundle branch block resulting in a 
broad complex tachycardia. Twelve lead ECGs should be recorded 
whenever possible to help confi rm diagnosis. 

  Identifying  f eatures on the  ECG  

     •       Electrical activity : present.  
   •       QRS rate : usually 150 – 200/min.  
   •       QRS rhythm : regular or irregular.  
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   •       QRS width : wide (0.12   s/3 small squares or more) and bizarre; 
VPB morphology differs from the QRS complexes associated 
with the underlying rhythm; ST segment usually slopes in a 
direction opposite to the QRS defl ection.  

   •       P waves : may be present.  
   •       Relationship between P waves and QRS complexes : if P waves 

visible, AV dissociation is often present.     

  Effects on the  p atient 

 Ventricular tachycardia is a serious cardiac arrhythmia. The 
patient will often be haemodynamically compromised. In some 
patients cardiac output will be lost. It can degenerate into ven-
tricular fi brillation.  

  Treatment 

 If the patient is pulseless, immediate defi brillation is required. If 
the patient has a pulse but is haemodynamically compromised, 
emergency cardioversion is advocated. If the patient is stable, 
amio darone is recommended (Resuscitation Council UK,  2006 ) 
(see     pages 229 – 37 ). Any underlying causes, e.g. electrolyte 
imbalances, should be treated if possible.  

  Interpretation of Figure  7.6  

       •       Electrical activity : present.  
   •       QRS rate : 150/min.  
   •       QRS rhythm : regular.  
   •       QRS width : wide (0.14   s/3.5 small squares) and bizarre, ST 

segment slopes in a direction opposite to the QRS defl ection.  
   •       P waves : some identifi able.  
   •       Relationship between P waves and QRS complexes : AV dissociation 

is present  –  there is no relationship between the P waves and 
QRS complexes.    

 The ECG in Figure  7.6  displays a broad complex tachycardia 
which is most likely to be ventricular in origin, i.e. ventricular 
tachycardia. This patient was stable. His BP was 120/70 and he 
was well perfused. The ventricular rate is only a borderline 
adverse sign (Resuscitation Council UK,  2006 ). Amiodarone 
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infusion provided effective treatment. ECG 8 on    page 257  depicts 
a 12 lead ECG recorded in this patient.  

  Interpretation of Figure  7.7  

       •       Electrical activity : present.  
   •       QRS rate : 200/min.  
   •       QRS rhythm : regular.  
   •       QRS width : wide (0.12   s/3 small squares) and bizarre; ST 

segment slopes in a direction opposite to the QRS defl ection.  
   •       P waves : not identifi able.  
   •       Relationship between P waves and QRS complexes : unable to 

determine.    

 The ECG in Figure  7.7  displays a broad complex tachycardia 
most likely ventricular in origin. A 12 lead ECG would be required 
to confi rm diagnosis. This patient had been admitted to A  &  E 
with acute anterior myocardial infarction. He was severely com-
promised and adverse signs were present. His BP was unrecord-
able and the patient was semi - conscious. In addition, the rate is 
very rapid and there is a high risk of degeneration into cardiac 
arrest. Urgent treatment was required. Synchronised cardiover-
sion was carried out. Successful conversion to sinus rhythm was 
achieved on the second attempt (200   J).  

  Interpretation of Figure  7.8  

       •       Electrical activity : present.  
   •       QRS rate : 210/min.  
   •       QRS rhythm : regular/irregular.  
   •       QRS width : wide (0.12   s/3 small squares) and bizarre; ST 

segment slopes in a direction opposite to the QRS defl ection.  
   •       P waves : some are present during the run of ventricular 

tachycardia.  
   •       Relationship between P waves and QRS complexes : AV diss-

ociation.    

 The ECG in Figure  7.8  displays ventricular tachycardia (self -
 terminating). It was recorded on a 24 - hour ECG tape in a patient 
with a history of blackouts. Interestingly, following the three -
 second run of ventricular tachycardia, the ECG shows a period 
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     Figure 7.7     Ventricular tachycardia.  

     Figure 7.8     Ventricular tachycardia (self - terminating).  

17:25:14 VT HR = 213 bpm (1 min HR = 62)
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of movement artefact (not present prior to episode), suggesting 
that the patient was aware of the episode, perhaps even 
collapsed.   

  TORSADES DE POINTES 
 In 1966, the French physician Francois Dessertenne described a 
specifi c electrocardiographic form of polymorphic ventricular 
tachycardia, which he termed torsades de pointes (Dessertenne, 
 1966 ). It refers to an ECG appearance of spiky QRS complexes 
rotating irregularly around the isoelectric line at a rate of 200 – 250 
beats/min (Dessertenne,  1966 ). 

 The word  torsades  refers to an ornamental motif imitating 
twisted hairs or threads as seen on classical architectural columns, 
and  pointes  referred to points or peaks (Yap  &  Camm,  2003 ). The 
cardiac axis rotates over a sequence of 5 – 20 beats, changing from 
one direction to another and then back again (Edhouse  &  Morris, 
 2008 ). 

 Torsades de pointes is usually associated with a prolonged QT 
interval. Causes include anti - arrhythmic drugs, bradycardia due 
to sick sinus syndrome or AV block, congenital prolongation of 
the QT interval (e.g. Romano Ward syndrome), hypokalaemia, 
hypomagnesaemia and tricyclic antidepressant drugs (Bennett, 
 2006 ). 

 It is important to recognise torsades de pointes because the 
administration of anti - arrhythmic drugs (sometimes adminis-
tered for monomorphic VT) may actually aggravate it. In addi-
tion, correction or removal of the cause may be very effective. 
Although it is usually non - sustained and repetitive (Bennett, 
 2006 ), it can itself cause a cardiac arrest or degenerate into ven-
tricular fi brillation (Resuscitation Council UK,  2006 ). 

  Identifying  f eatures on the  ECG  

     •       Electrical activity : present.  
   •       QRS rate : usually 200 – 250/min.  
   •       QRS rhythm : irregular.  
   •       QRS width : wide (0.12   s/3 small squares or more) and bizarre, 

with changing amplitude, morphology and defl ection.  
   •       P waves : unable to identify.  
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   •       Relationship between P waves and QRS complexes : AV dissociation 
may be present.     

  Effects on the  p atient 

 Torsades de pointes is a very serious cardiac arrhythmia. The 
patient will often be haemodynamically compromised. In some 
patients cardiac output will be lost. It can degenerate into ven-
tricular fi brillation.  

  Treatment 

 Effective treatment, i.e. prevention of recurrent episodes, involves 
removal of any predisposing causes, e.g. drugs, correction of any 
electrolyte imbalances (Edhouse  &  Morris,  2008 ); overdrive 
pacing may be effective (Resuscitation Council UK,  2006 ). Mea-
sures to speed up the sinus rate may be effective in some situa-
tions. If the patient has a cardiac arrest, immediate defi brillation 
is required.  

  Interpretation of Figure  7.9  

       •       Electrical activity : present.  
   •       QRS rate : 200 – 250/min.  
   •       QRS rhythm : irregular.  
   •       QRS width : wide and bizarre, with changing amplitude, mor-

phology and defl ection.  
   •       P waves : unable to identify.  
   •       Relationship between P waves and QRS complexes : unable to 

determine.    

 The ECG in Figure  7.9  shows torsades de pointes. It displays 
the characteristic ECG appearance of spiky QRS complexes rotat-
ing irregularly around the isoelectric line. This patient would 
have required urgent review by a cardiologist.   

  CHAPTER SUMMARY 
 Cardiac arrhythmias originating in the ventricles are character-
ised by wide, bizarre QRS complexes. Most ventricular tachyar-
rhythmias are serious. Some can have severe haemodynamic 
effects on the patient, whereas others can cause a cardiac arrest. 
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Their prompt recognition together with appropriate treatment is 
essential.  
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 Cardiac Arrhythmias with 

Atrioventricular Block     

   INTRODUCTION 
 Cardiac arrhythmias with AV block can result from a conduction 
disturbance in the AV node, bundle of His or bundle branches. 
It is classifi ed as fi rst, second or third degree depending on 
whether impulse conduction to the ventricles is delayed, inter-
mittently blocked or completely blocked (Bennett,  2006 ). 

 Normally, a narrow QRS complex indicates a conduction dis-
turbance in the AV node or bundle of His, whereas a wide QRS 
complex indicates a conduction disturbance in the bundle 
branches. 

 The aim of this chapter is to recognise cardiac arrhythmias with 
AV block.  

  LEARNING OUTCOMES 
 At the end of the chapter the reader will be able to state the char-
acteristic ECG features, list the causes and outline the treatment 
of: 

   ❑      First degree AV block.  
   ❑      Second degree AV block Mobitz type 1 (Wenckeback 

phenomenon).  
   ❑      Second degree AV block Mobitz type 2.  
   ❑      Third degree (complete) AV block.     

  FIRST DEGREE  AV  BLOCK 
 In fi rst degree AV block, there is a delay, usually in the AV node, 
in the conduction of atrial impulses to the ventricles (Da Costa 
 et al. ,  2008 ). It is characterised by a prolonged, but constant PR 
interval ( > 0.20   s or 5 small squares), all the impulses are con-
ducted to the ventricles and there are no missed beats (Da Costa 

8
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 et al. ,  2008 ). As the impulse is only delayed, not blocked, it could 
be argued that calling it AV block is misleading. 

 Although fi rst degree AV block is not in itself important, it may 
be a sign of coronary heart disease, acute rheumatic carditis, 
digoxin toxicity or electrolyte imbalance (Hampton,  2000 ). It can 
progress to second or third degree AV block. Sometimes it is a 
normal phenomenon: in young persons it is usually due to 
increased vagal tone and is benign (Bennett,  2006 ). 

 Forty per cent of patients with an acute inferior myocardial 
infarction and fi rst degree AV block, develop self - terminating 
well - tolerated episodes of second degree AV block Mobitz type 
1 and third degree AV block (Nolan  et al. ,  1998 ). When associated 
with an anterior myocardial infarction, it may be the fi nal stage 
of widespread involvement of the conduction system in a septal 
infarction (Thompson,  1997 ). 

  Identifying  f eatures on the  ECG  

     •       Electrical activity : present.  
   •       QRS rate : usually normal.  
   •       QRS rhythm : usually regular.  
   •       QRS width : normal width and morphology.  
   •       P waves : present and constant morphology.  
   •       Relationship between P waves and QRS complexes : each P wave is 

followed by a QRS complex and each QRS complex is preceded 
by a P wave; PR interval is prolonged, i.e.  > 0.20   s/5 small 
squares.     

  Effects on the  p atient 

 The patient will be asymptomatic. First degree AV block does not 
alter the ventricular rate and the abnormality can only be detected 
on the ECG (Jowett  &  Thompson,  1995 ).  

  Treatment 

 It requires no specifi c treatment, though drugs which can prolong 
AV conduction, e.g. beta blockers, will probably need to be 
avoided. However, it is important to monitor the patient closely 
in case there is progression to a higher degree of AV block.  



 Cardiac Arrhythmias with Atrioventricular Block 8

137

  Interpretation of Figure  8.1  

       •       Electrical activity : present.  
   •       QRS rate : 80/min.  
   •       QRS rhythm : regular.  
   •       QRS width : normal width and morphology.  
   •       P waves : present and constant morphology.  
   •       Relationship between P waves and QRS complexes : each P wave is 

followed by a QRS complex and each QRS complex is preceded 
by a P wave; PR interval is prolonged 0.22   s (6 small squares).    

 The ECG in Figure  8.1  displays fi rst degree AV block. It was 
only identifi ed following a routine 12 lead ECG. The patient was 
asymptomatic and no treatment was required.  

  Interpretation of Figure  8.2  

       •       Electrical activity : present.  
   •       QRS rate : 100/min.  
   •       QRS rhythm : regular.  
   •       QRS width : normal width and morphology.  
   •       P waves : present and constant morphology.  
   •       Relationship between P waves and QRS complexes : each P wave is 

followed by a QRS complex and each QRS complex is preceded 
by a P wave; PR interval is prolonged 0.25   s (7 small squares).    

 The ECG in Figure  8.2  displays fi rst degree AV block. This is an 
interesting case. It was recorded in a 24 - year - old lady who had 
presented to hospital with endocarditis. She subsequently devel-
oped an aortic root abscess which, due to it close proximity to the 
bundle of His, began to affect the conduction system, resulting in 
profound fi rst degree AV block. The lady underwent surgical 
intervention for her endocarditis and was fi tted with a permanent 
pacemaker because the bundle of His became necrosed.   

  SECOND DEGREE  AV  BLOCK MOBITZ TYPE 1 
(WENCKEBACK PHENOMENON) 
 Second degree AV block is where some but not all of the P waves 
are conducted to the ventricles (Resuscitation Council UK,  2006 ). 
There are two classifi cations: type I and type II (see below), 
both named after Woldemar Mobitz, an early twentieth century 
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     Figure 8.1     First degree AV block.  

     Figure 8.2     First degree AV block.  

II
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German internist. In the 1920s, he used an astute mathematical 
approach to classify second degree AV block into two types, 
subsequently referred to as Mobitz type I (Wenckeback) and 
Mobitz type II (Silverman  et al. ,  2004 ). 

 In 1849, before the availabilty of ECG recording, Karel Wencke-
bach, a Dutch anatomist, had investigated a woman who had 
consulted him about her irregular pulse (Upshaw  &  Silverman, 
 1999 ). He provided a description of irregular pulses due to partial 
blockage of AV conduction which created a progressive lengthen-
ing of conduction time in cardiac tissue (Wenckebach,  1899 ). This 
condition was later named the Wenckeback phenomenon. 

 Second degree AV block Mobitz type 1 is the commonest (90%) 
form of this degree of AV block (Jowett  &  Thompson,  1995 ). It 
can be caused by any condition that delays AV conduction 
(usually at the AV node), resulting in intermittent failure of trans-
mission of the atrial impulse to the ventricles (Da Costa  et al. , 
 2008 ). Causes include inferior myocardial infarction, electrolyte 
imbalance and drugs that suppress AV conduction, e.g. beta 
blockers, digoxin and calcium channel blockers (Docherty,  2003 ). 
It is sometimes benign (particularly during sleep) and is due to 
increased vagal tone (Bennett,  2006 ). 

 When associated with an inferior myocardial infarction, it 
usually has a gradual onset, progressing from fi rst degree AV 
block over a period of hours and often leading on to third degree 
AV block, before reverting back to normal AV conduction after a 
further period of second degree AV block (Thompson,  1997 ). This 
sequence of events can be accelerated following right coronary 
reperfusion (Koren  et al. ,  1986 ). 

 It is characterised by a progressive prolongation of the PR inter-
val until an impulse fails to be conducted to the ventricles, result-
ing in a dropped beat (QRS complex). This is then followed by a 
conducted impulse, with a shorter PR interval and a repetition of 
the cycle (Hampton,  2000 ). The number of dropped beats is vari-
able. Sometimes gradual shortening of the RR interval is evident. 

  Identifying  f eatures on the  ECG  

     •       Electrical activity : present.  
   •       QRS rate : depending on the number of dropped beats, may be 

bradycardic.  
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   •       QRS rhythm : usually irregular (unless 2   :   1 conduction).  
   •       QRS width : usually normal width and morphology.  
   •       P waves : present and constant morphology, PP interval remains 

constant.  
   •       Relationship between P waves and QRS complexes : not every P 

wave is followed by a QRS, but every QRS complex is preceded 
by a P wave; PR interval progressively lengthens until a QRS 
complex is dropped; RR interval progressively shortens.     

  Effects on the  p atient 

 The patient is rarely haemodynamically compromised, unless the 
ventricular rate is slow.  

  Treatment 

 Usually, the only active treatment required, apart from avoiding 
AV junctional blocking drugs, is close monitoring of the patient 
(Nolan  et al. ,  1998 ). If there is a risk of developing more severe 
AV block or asystole, treatment will be required (Resuscitation 
Council UK,  2006 ). If the ventricular rate is slow, atropine and, 
rarely, cardiac pacing may be required.  

  Interpretation of Figure  8.3  

       •       Electrical activity : present.  
   •       QRS rate : 50/min.  
   •       QRS rhythm : irregular.  
   •       QRS width : normal.  
   •       P waves : present and constant morphology, PP interval remains 

constant.  
   •       Relationship between P waves and QRS complexes : not every P 

wave is followed by a QRS, but every QRS complex is preceded 
by a P wave; PR interval progressively lengthens until a QRS 
complex is dropped.    

 The ECG in Figure  8.3  displays second degree AV block Mobitz 
type 1 (Wenckeback ’ s phenomenon). It was seen in a patient with 
an acute inferior myocardial infarction and it followed a period 
of fi rst degree AV block. On this occasion, because the ventricular 
rate was slow and the patient was haemodynamically compro-
mised (BP 80/60 and complaining of dizziness), atropine 500   mcg 
IV was administered with effect.  
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     Figure 8.3     Second degree AV block Mobitz type 1 (Wenckeback ’ s phenomenon).  

     Figure 8.4     Second degree AV block Mobitz type 1 (Wenckeback ’ s phenomenon).  

II
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  Interpretation of Figure  8.4  

       •       Electrical activity : present.  
   •       QRS rate : 80/min.  
   •       QRS rhythm : irregular.  
   •       QRS width : normal.  
   •       P waves : present and constant morphology, PP interval remains 

constant.  
   •       Relationship between P waves and QRS complexes : not every P 

wave is followed by a QRS, but every QRS complex is preceded 
by a P wave; PR interval progressively lengthens until a QRS 
complex is dropped. Every third P wave is not conducted to 
the ventricles, i.e. 3   :   1 AV block.    

 The ECG in Figure  8.4  displays second degree AV block 
type 1 (Wenckeback ’ s phenomenon). It was seen in a patient who 
had an acute inferior myocardial infarction 48 hours previously 
who developed chest pain again. The 12 lead ECG recorded in 
this patient suggests re - infarction. The ventricular rate was ade-
quate and the patient was not haemodynamically compromised, 
so atropine was not required. However, the patient was reviewed 
by the cardiologist regarding the re - infarction.  

  Interpretation of Figure  8.5  

       •       Electrical activity : present.  
   •       QRS rate : 85/min.  
   •       QRS rhythm : irregular.  
   •       QRS width : normal.  
   •       P waves : present and constant morphology, PP interval remains 

constant.  
   •       Relationship between P waves and QRS complexes : not every P 

wave is followed by a QRS, but every QRS complex is preceded 
by a P wave; PR interval progressively lengthens until a QRS 
complex is dropped.    

 The ECG in Figure  8.5  displays second degree AV block 
type 1 (Wenckeback ’ s phenomenon). It was seen in a patient who 
presented with chest pain. The 12 lead ECG recorded in this 
patient suggests inferior lateral ischaemic changes. The ventricu-
lar rate was adequate and the patient was not haemodynamically 
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     Figure 8.5     Second degree AV block Mobitz type 1 (Wenckeback ’ s phenomenon).  

II

100 Hz 25.0 mm/s 10.0 mm/mV 4 by 2.5s + 1 rhythm ld MAC5K 006

     Figure 8.6     Second degree AV block Mobitz type 2.  
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compromised, so atropine was not required. However, the patient 
was reviewed by the cardiologist and was referred for percutane-
ous coronary investigation (PCI).   

  SECOND DEGREE  AV  BLOCK MOBITZ TYPE 2 
 Second degree AV block Mobitz type 2 is characterised by an 
intermittent failure of atrial impulse conduction to the ventricles 
(Bennett,  2006 ). It is not as common as second degree AV block 
type 1, but its implications are signifi cantly more serious (Da 
Costa  et al. ,  2008 ). The block is usually at the level of the bundle 
branches, commonly resulting in a wide QRS complex (Da Costa 
 et al. ,  2008 ). 

 It is never a normal fi nding (Conover,  1992 ). It is often associ-
ated with advanced cardiac disease and often progresses to third 
degree AV block or asystole (Jowett  &  Thompson,  1995 ). If third 
degree AV block develops, it is often quite sudden and unex-
pected, with a slow ventricular escape rhythm and a marked 
deterioration in haemodynamic status (Brown  et al. ,  1969 ). Patients 
with anterior myocardial infarction who develop second degree 
AV block Mobitz type 2 have a poor prognosis (Nolan  et al. ,  1998 ). 

 In second degree AV block Mobitz type 2, the PR interval 
remains constant in the conducted beats, but some of the P waves 
are not followed by a QRS complex (Resuscitation Council UK, 
 2006 ), i.e. there are dropped beats. 

  Identifying  f eatures on the  ECG  

     •       Electrical activity : present.  
   •       QRS rate : depends on the number of dropped beats; may be 

normal or bradycardic.  
   •       QRS rhythm : usually irregular due to dropped beats (unless 2   :   1 

conduction).  
   •       QRS width : usually wide (0.12   s/3 small squares or more) with 

bundle branch block pattern, may be normal width and 
morphology.  

   •       P waves : present and constant morphology.  
   •       Relationship between P waves and QRS complexes : not every P 

wave is followed by a QRS complex (dropped beats); every 
QRS complex is preceded by a P wave; PR interval constant, 
but may be prolonged.     
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  Effects on the  p atient 

 The patient is often haemodynamically compromised (Da Costa 
 et al. ,  2008 ). Progression to ventricular standstill and cardiac 
arrest is not uncommon.  

  Treatment 

 Prophylactic temporary pacing is usually required (Nolan  et al. , 
 1998 ).  

  Interpretation of Figure  8.6  

       •       Electrical activity : present.  
   •       QRS rate : 50 – 60/min.  
   •       QRS rhythm : irregular due to dropped beats.  
   •       QRS width : normal width and morphology.  
   •       P waves : present and constant morphology.  
   •       Relationship between P waves and QRS complexes : not every P 

wave is followed by a QRS complex (dropped beats); every 
QRS complex is preceded by a P wave, PR interval constant.    

 The ECG in Figure  8.6  displays second degree AV block Mobitz 
type 2. This patient had been admitted with an acute anterior 
myocardial infarction. Although the patient was haemodynami-
cally stable, there was a risk that the arrhythmia could degenerate 
into third degree AV block, or even ventricular standstill. Tem-
porary cardiac pacing was required.  

  Interpretation of Figure  8.7  

       •       Electrical activity : present.  
   •       QRS rate : 45/min.  
   •       QRS rhythm : regular due to dropped beats.  
   •       QRS width : normal width and morphology.  
   •       P waves : present and constant morphology.  
   •       Relationship between P waves and QRS complexes : not every P 

wave is followed by a QRS complex (dropped beats); every 
QRS complex is preceded by a P wave, PR interval constant.    

 The ECG in Figure  8.7  displays second degree AV block. From 
the ECG trace it is not possible to distinguish between second 
degree AV block types 1 and 2. However, ECG monitoring under-
taken prior to recording the ECG trace showed isolated uncon-
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     Figure 8.7     Second degree AV block Mobitz type 2.  
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     Figure 8.8     Second degree AV block Mobitz type 2.  
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ducted P waves without PR interval prolongation, suggesting 
that the ECG trace must be second degree AV block type 2. This 
patient had been admitted with an acute myocardial infarction. 
His blood pressure was 80/50, he was cold and clammy and 
feeling lightheaded. Temporary cardiac pacing was required.  

  Interpretation of Figure  8.8  

       •       Electrical activity : present.  
   •       QRS rate : 95/min.  
   •       QRS rhythm : irregular due to dropped beat.  
   •       QRS width : normal width and morphology.  
   •       P waves : present and constant morphology.  
   •       Relationship between P waves and QRS complexes : not every P 

wave is followed by a QRS complex (dropped beat); every QRS 
complex is preceded by a P wave, PR interval constant but 
prolonged.    

 The ECG in Figure  8.8  displays second degree AV block Mobitz 
type 2. This ECG was recorded in a 44 - year - old lady undergoing 
an adenosine stress test (Myoview). One minute following the 
start of the adenosine infusion, the patient developed fi rst degree 
AV block (prolonged PR interval) and then second degree AV 
block Mobitz type 2. She was feeling lightheaded. The adenosine 
infusion was immediately stopped and discontinued. She reverted 
back to sinus rhythm within two minutes. In this case, the AV 
conduction disturbances were caused by the adenosine.   

  THIRD DEGREE  AV  BLOCK 
 Third degree AV block or complete AV block is where there is 
total failure of conduction between the atria and ventricle; it is 
characterised by AV dissociation  –  the P waves bear no relation 
to the QRS complexes and there is total independence of atrial 
and ventricular contractions (Da Costa  et al. ,  2008 ). 

 It can be an acute phenomenon, usually associated with a myo-
cardial infarction, or may be chronic, usually caused by fi brosis 
of the bundle of His (Hampton,  2000 ). Other causes include 
cardiac surgery, endocarditis and drugs (Bennett,  2006 ). When 
associated with acute myocardial infarction, the pathophysiology 
and recommended treatment will depend on the site of the infarct 
(Nolan  et al. ,  1998 ). 
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 When associated with an inferior myocardial infarction, it is 
normally caused by ischaemia or necrosis of the AV node, 
together with activation of the vagus nerve (Thompson,  1997 ). It 
develops slowly, being often preceded by fi rst degree and then 
second degree AV block Mobitz type 1 (Wenckeback). It is gener-
ally well tolerated (Nolan  et al. ,  1998 ). The QRS complex is narrow, 
signifying a junctional escape rhythm which is usually reliable 
and of an adequate rate. Normal AV conduction usually resumes 
within 24 hours (Nolan  et al. ,  1998 ). 

 When associated with anterior myocardial infarction, it is 
frequently a sudden event, especially in patients who develop 
second degree AV block Mobitz type 2 or left bundle branch 
block (Nolan  et al. ,  1998 ). There is extensive necrosis of the 
septum, with damage to both the left and right bundle branches 
(Thompson,  1997 ). The QRS complex is wide, signifying a ven-
tricular escape rhythm, unreliable and slow. The mortality rate in 
these patients is high (Nolan  et al. ,  1998 ). 

 Sometimes third degree AV block is a chronic phenomenon, 
particularly in the elderly. The patient may be admitted following 
a history of falls or blackouts: a diagnosis being made following 
a routine 12 lead ECG. 

 The rate and morphology of the escape rhythm is determined 
by the origin of the ventricular escape rhythm (Resuscitation 
Council UK,  2006 ). If the pacemaker site is situated in the AV 
node or proximal aspect of the bundle of His (more reliable), then 
the ventricular rate will be between 40 – 50 per minute (sometimes 
more) and the QRS width will be narrow; if the pacemaker site 
is in the distal His - Purkinje fi bres or ventricular myocardium 
(less reliable), then the ventricular rate will be between 30 – 40 
(sometimes less) and the QRS width will be wide  –  sudden ven-
tricular standstill and cardiac arrest is possible (Resuscitation 
Council UK,  2006 ). 

  Identifying  f eatures on the  ECG  

     •       Electrical activity : present.  
   •       QRS rate : dependent upon the site of the subsidiary pacemaker; 

40 – 60 if junctional,  < 40 if ventricular.  
   •       QRS rhythm : regular.  
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   •       QRS width : may be normal (if junctional pacemaker), otherwise 
wide (0.12   s/3 small squares or more) with bundle branch 
block pattern (ventricular pacemaker).  

   •       P waves : present and constant morphology, usually faster rate 
than the QRS complexes; absent if underlying rhythm is atrial 
fi brillation.  

   •       Relationship between P waves and QRS complexes : no relationship 
with complete AV dissociation.     

  Effects on the  p atient 

 Some patients will have an adequate escape rhythm that will 
maintain their blood pressure, while others will be compromised, 
requiring urgent intervention. Generally, the effects on the patient 
will depend on the cause. 

 When associated with an anterior myocardial infarction, the 
patient is usually haemodynamically compromised. The risk of 
ventricular standstill and sudden cardiac arrest is high. If associ-
ated with an inferior myocardial infarction the patient may be 
haemodynamically stable. If chronic, the patient may present 
with a history of blackouts or falls.  

  Treatment 

 Again, this will depend on the cause. If associated with an inferior 
myocardial infarction, pacing will usually only be required if the 
ventricular rate is less than 40 or if the patient is haemodynami-
cally compromised (Thompson,  1997 ). It may simply respond to 
I.V. atropine. If associated with an anterior myocardial infarction, 
a temporary and then often a permanent cardiac pacemaker will 
be required (ACC/AHA,  1991 ). External pacing is a recom-
mended interim measure (Resuscitation Council UK,  2006 ). If 
chronic, a permanent pacemaker will usually be required.  

  Interpretation of Figure  8.9  

       •       Electrical activity : present.  
   •       QRS rate : 55/min.  
   •       QRS rhythm : regular.  
   •       QRS width : wide (0.12   s/3 small squares) and bizarre indicating 

a ventricular pacemaker.  
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     Figure 8.9     Third degree AV block.  

     Figure 8.10     Third degree AV block.  



 Cardiac Arrhythmias with Atrioventricular Block 8

151

   •       P waves : present and constant morphology, rate 60/min; some 
appear on the T waves and some are hidden in the QRS 
complexes.  

   •       Relationship between P waves and QRS complexes : AV diss-
ociation.    

 The ECG in Figure  8.9  displays third degree AV block. This 
patient had been admitted with an inferior myocardial infarction. 
It was preceded by fi rst degree AV block and then second degree 
AV block Mobitz type 1. It was only transient and it was well 
tolerated by the patient (BP 100/65). No intervention was 
required, except the administration of oxygen.  

  Interpretation of Figure  8.10  

       •       Electrical activity : present.  
   •       QRS rate : 30/min.  
   •       QRS rhythm : regular.  
   •       QRS width : wide (0.12   s/3 small squares) and bizarre indicating 

a ventricular pacemaker.  
   •       P waves : present and constant morphology, rate 65/min; 

some appear on the T waves and some are hidden in the QRS 
complexes.  

   •       Relationship between P waves and QRS complexes : AV diss-
ociation.    

 The ECG in Figure  8.10  displays third degree AV block. This 
patient was admitted with a history suggestive of acute myocar-
dial infarction. His blood pressure was unrecordable. He was 
unconscious. The patient required urgent cardiac pacing.  

  Interpretation of Figure  8.11  

       •       Electrical activity : present.  
   •       QRS rate : 30/min.  
   •       QRS rhythm : regular.  
   •       QRS width : wide (0.12   s/3 small squares) and bizarre indicating 

a ventricular pacemaker.  
   •       P waves : present and constant morphology, rate 65/min; 

some appear on the T waves and some are hidden in the QRS 
complexes.  
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     Figure 8.11     Third degree AV block.  
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   •       Relationship between P waves and QRS complexes : AV diss-
ociation.    

 The ECG in Figure  8.11  displays third degree AV block. It was 
recorded in an 82 - year - old lady who had been admitted with a 
history of falls and blackouts for the previous four weeks, with a 
query over the cause. She was not haemodynamically compro-
mised; her blood pressure was 166/58. She was reviewed by the 
cardiologist; she remained on an ECG monitor and a permanent 
pacemaker was arranged.   

  CHAPTER SUMMARY 
 Cardiac arrhythmias with AV block can result from a conduction 
disturbance in the AV node, bundle of His or bundle branches. 
They are classifi ed as fi rst, second or third degree depending on 
whether impulse conduction to the ventricles is delayed, inter-
mittently blocked or completely blocked (Bennett,  2006 ). Accu-
rate interpretation is important because some are benign, whereas 
others can be life - threatening.  
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 Cardiac Arrhythmias 

Associated with 

Cardiac Arrest     

   INTRODUCTION 
 ECG rhythms associated with cardiac arrest are divided into two 
groups: shockable rhythms (ventricular fi brillation/pulseless 
ventricular tachycardia (VF/VT)) and non - shockable rhythms 
(asystole and pulseless electrical activity (PEA); the principal 
difference in the management of the two groups is the need for 
attempted defi brillation in those patients with VF/VT (Nolan 
 et al. ,  2005 ). 

 Agonal rhythm (dying heart rhythm) will also be discussed. 
Ventricular tachycardia has been discussed in detail in Chapter  7  
and will not be discussed again here. 

 The aim of this chapter is to recognise cardiac arrhythmias 
associated with cardiac arrest.  

  LEARNING OUTCOMES 
 At the end of the chapter the reader will be able to state the 
characteristic ECG features of and outline the treatment for: 

   ❑      Ventricular fi brillation.  
   ❑      Asystole.  
   ❑      Ventricular standstill.  
   ❑      Pulseless electrical activity.  
   ❑      Agonal rhythm.     

  VENTRICULAR FIBRILLATION 

    The cardiac pump is thrown out of gear, and the last of its vital energy 
is dissipated in a violent and prolonged turmoil of fruitless activity 
in the ventricular walls[e]  …  The normal beat is at once abolished, 

9
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and the ventricles are thrown into a tumultuous state of quick, 
irregular, twitching action; at the same time there is a great fall of 
blood - pressure. The ventricles become distended with blood, as the 
rapid quivering movement of their walls is wholly insuffi cient to expel 
their contents.  

  The muscular action partakes of the nature of an arrhythmic, inco -
 ordinated, and rapidly - repeated contraction of the various muscular 
bundles. Some bundles are in a state of contraction while other 
bundles are relaxed, and so, instead of a co - ordinated contraction 
leading to a defi nite narrowing of the ventricular cavity, there occurs 
an irregular and complicated arrhythmic oscillation of the ventricular 
walls which remain in a position of diastole. This condition is very 
persistent.  

 (Reported in the British Medical Journal by 
John McWilliam in  1889 )   

 Sudden cardiac arrest (SCA) causes approximately 700,000 out -
 of - hospital deaths in Europe each year (Sans  et al. ,  1997 ). At the 
time of the fi rst ECG analysis, about 40% of SCA victims have 
ventricular fi brillation (VF) (Cobb  et al. ,  2002 ; Rea  et al. ,  2004 ; 
Vaillancourt  &  Stiell,  2004 ). However, it is highly probable that 
many more sudden cardiac arrests are caused by VF (Handley 
 et al. ,  2005 ), but by the time ECG analysis has started, it has 
deteriorated into asystole (Waalewijn  et al. ,  2002 ). In hospital, 
VF is the presenting cardiac arrest arrhythmia in approximately 
30% of arrests (Gwinnutt  et al. ,  2000 ). 

 An eminently treatable arrhythmia, the only effective treatment 
is early defi brillation and the likelihood of success is crucially 
time dependent (Resuscitation Council UK,  2006 ). Causes include 
ishaemic heart disease, heart failure, electrolyte imbalance, drugs, 
hypothermia and cardiomyopathy. 

 VF is characterised by chaotic, rapid depolarisation and repo-
larisation (Handley  et al. ,  2005 ). ECG features include a bizarre 
irregular waveform, apparently random in both amplitude and 
frequency, refl ecting disorganised electrical activity in the myo-
cardium. Initially the amplitude of the waveform is coarse. 
However, it will rapidly deteriorate into fi ne VF and then asys-
tole, refl ecting the depletion of myocardial high - energy phos-
phate stores (Mapin  et al. ,  1991 ). 
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  Identifying  f eatures on the  ECG  

     •       Electrical activity : present.  
   •       QRS rate : no recognisable QRS complexes.  
   •       QRS rhythm : no recognisable QRS complexes.  
   •       QRS width : no recognisable QRS complexes.  
   •       P waves : none recognisable.  
   •       Relationship between P waves and QRS complexes : no recognisable 

P waves or QRS complexes present.    

 If electrical activity is present, but there are no recognisable 
complexes, the most likely diagnosis is ventricular fi brillation 
(Resuscitation Council UK,  2006 ).  

  Effects on the  p atient 

 The patient will have a cardiac arrest.  

  Treatment 

 The Resuscitation Council UK Advanced Life support algorithm 
details the treatment of VF/VT (see Figure  9.1 ). Early defi brilla-
tion is the defi nitive treatment for VF; the chances of success 
decline substantially (7 – 10%) for every minute it is delayed 
(Cobbe  et al. ,  1991 ). Adequate CPR can slow this decline (Larsen 
 et al. ,  1993 ). Forty - three per cent of patients who initially present 
with VF at the onset of a cardiac arrest survive to discharge 
(Gwinnutt  et al. ,  2000 ).   

 If VF/VT is confi rmed, charge the defi brillator and deliver one 
shock (150 – 200   J biphasic or 360   J monophasic) (Nolan  et al. ,  2005 ). 
Then without reassessing the ECG or palpating a pulse, start or 
resume cardiopulmonary resuscitation (CPR) at a ratio of 30 com-
pressions: 2 ventilations (Resuscitation Council UK,  2006 ). Further 
defi brillation is indicated if, after two minutes of CPR, VF/VT 
persists (see Figure  9.1 ). If VF/VT persists after three shocks, 
amiodarone 300   mg IV is recommended (Resuscitation Council 
UK,  2006 ). 

 Consider a precordial thump in a witnessed/monitored VF 
arrest if the defi brillator is not immediately at hand (Resuscitation 
Council UK,  2006 ); it will terminate VF in 2% of cases (Kerber  &  
Robertson,  1996 ). It is most likely to be effective if delivered 
within 10 seconds of cardiac arrest (Kohl  et al. ,  2005 ).  
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      Figure 9.1     Resuscitation Council UK advanced life support algorithm.  Reproduced 
by kind permission from the Resuscitation Council UK.   

Image not available in the electronic edition
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  Interpretation of Figure  9.2  

       •       Electrical activity : present.  
   •       QRS rate : no recognisable QRS complexes.  
   •       QRS rhythm : no recognisable QRS complexes.  
   •       QRS width : no recognisable QRS complexes.  
   •       P waves : none recognisable.  
   •       Relationship between P waves and QRS complexes : no recognisable 

P waves or QRS complexes present.    

 The ECG in Figure  9.2  displays VF. Treatment would be rapid 
defi brillation. CPR would be required while awaiting the 
defi brillator.   

  ASYSTOLE 
 Asystole is the presenting rhythm in approximately 25% of 
in - hospital cardiac arrests (Gwinnutt  et al. ,  2000 ). In asystole, 
ventricular standstill is present owing to the suppression of all 
natural cardiac pacemakers. 

 Failure of sinus rhythm, under normal circumstances, will lead 
to the appearance of an escape rhythm maintained by a sub-
sidiary pacemaker situated in either the AV junction (junctional 
rhythm) or ventricular myocardium (idioventricular rhythm). 
Myocardial disease, hypoxia, drugs and electrolyte imbalance can 
all suppress these escape rhythms. 

 It is most important to ensure the ECG trace is accurate. Other 
causes of a  ‘ fl at line ’  ECG trace include incorrect lead and ECG 
gain settings, and disconnected ECG leads (Jevon,  2002 ) (see 
Chapter  3 ). Sometimes,  ‘ asystole ’  may be displayed on the 
monitor immediately following defi brillation, when monitoring 
using defi brillation paddles, regardless of the true ECG rhythm 
(Chamberlain,  1999 ). This is more common following multiple 
shocks and where there is high chest impedance (Bradbury  et al. , 
 2000 ). If this phenomenon is encountered, the ECG leads should 
be used for ECG monitoring (Resuscitation Council UK,  2006 ). 

  Identifying  f eatures on the  ECG  

     •       Electrical activity : no electrical activity present.  
   •       QRS rate : no electrical activity present.  
   •       QRS rhythm : no electrical activity present.  
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     Figure 9.2     Ventricular fi brillation.  

     Figure 9.3     Asystole.  
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   •       QRS width : no electrical activity present.  
   •       P waves : no electrical activity present.  
   •       Relationship between P waves and QRS complexes : no electrical 

activity present.     

  Effects on the  p atient 

 The patient will have a cardiac arrest. The prognosis is very poor. 
Asystole is often terminal.  

  Treatment 

 Confi rm cardiac arrest, check that the rhythm is indeed asystole 
and not, for example, ventricular fi brillation (ECG gain, lead con-
nections, correct lead settings on the monitor) and, if indicated, 
start CPR. 

 The European Resuscitation Council guidelines for the man-
agement of asystole (non - VF/VT) (Latorre  et al. ,  2001 ) are depicted 
in Figure  9.1 .  

  Interpretation of Figure  9.3  

       •       Electrical activity : no electrical activity present.  
   •       QRS rate : no electrical activity present.  
   •       QRS rhythm : no electrical activity present.  
   •       QRS width : no electrical activity present.  
   •       P waves : no electrical activity present.  
   •       Relationship between P waves and QRS complexes : no electrical 

activity present.    

 The ECG in Figure  9.3  displays probable asystole. Confi rm 
cardiac arrest, check that the rhythm is indeed asystole and not, 
for example, ventricular fi brillation (ECG gain, lead connections, 
correct lead settings on the monitor) and, if indicated, start CPR.   

  VENTRICULAR STANDSTILL 
 Ventricular standstill is characterised by the presence of P waves 
and absent QRS complexes. One cause is that the sinus impulses 
are conducted to the ventricles, but the ventricles fail to respond 
to stimulation. Another cause is that they are not conducted 
to the ventricles because of the presence of complete AV block 
and an idioventricular rhythm fails to  ‘ kick in ’ . Sometimes, 
ventricular standstill can occur quite suddenly if the patient is 
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already in second degree AV block Mobitz type 2 or third degree 
AV block. 

  Identifying  f eatures on the  ECG  

     •       Electrical activity : present.  
   •       QRS rate : no QRS complexes present.  
   •       QRS rhythm : no QRS complexes present.  
   •       QRS width : no QRS complexes present.  
   •       P waves : present.  
   •       Relationship between P waves and QRS complexes : no QRS com-

plexes present.     

  Effects on the  p atient 

 The patient will have a cardiac arrest.  

  Treatment 

 Confi rm cardiac arrest and start CPR following the non - shock-
able side of the ALS algorithm (see Figure  9.1 ). Emergency exter-
nal pacing should be started. If capture is achieved and a pulse 
producing rhythm ensues, consider transvenous pacing.  

  Interpretation of Figure  9.4  

       •       QRS rate : no QRS complexes present.  
   •       QRS rhythm : no QRS complexes present.  
   •       QRS complexes : no QRS complexes present.  
   •       P waves : present.  
   •       Relationship between P waves and QRS complexes : no QRS com-

plexes present.    

 The ECG in Figure  9.4  displays ventricular standstill. CPR 
would need to be started and external pacing requested.  

  Interpretation of Figure  9.5  

       •       QRS rate : intrinsic escaperhythm at 18/min and paced rhythm 
at 70/min.  

   •       QRS rhythm : both paced and escape rhythm regular.  
   •       QRS width : paced and escape rhythm QRS complexes wide.  
   •       P waves : present.  
   •       Relationship between P waves and QRS complexes : no 

relationship.    
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     Figure 9.4     Ventricular standstill.  

     Figure 9.5     Periods of ventricular standstill following ineffective transvenous pacing (due to malposition of pacing wire). Underlying rhythm 
is complete AV block with very slow ventricular escape at 18/min.  
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 The ECG in Figure  9.5  displays ventricular standstill. This 
patient had a temporary transvenous cardiac pacemaker inserted 
for third degree AV block following an anterior myocardial 
infarction. Unfortunately it became ineffective due to malposi-
tion, resulting in ventricular standstill. External pacing was 
applied until the temporary transvenous pacing wire could be 
repositioned.   

  PULSELESS ELECTRICAL ACTIVITY 
 Pulseless electrical activity (PEA) is the presenting rhythm in 
approximately 35% of in - hospital cardiac arrests (Gwinnutt  et al. , 
 2000 ). PEA (formally called electromechanical dissociation or 
EMD) is a term used when there is no cardiac output, despite the 
presence of a normal (or near - normal) ECG. PEA can be classifi ed 
as either primary or secondary. 

 Primary PEA is caused by a failure of excitation contraction 
coupling in the cardiac cells and causes a profound loss of cardiac 
output. Causes include massive myocardial infarction, poisoning 
and electrolyte imbalance. Secondary PEA is caused by a mechan-
ical barrier to ventricular fi lling or ejection. Causes include cardiac 
tamponade, tension pneumothorax, pulmonary embolism and 
hypovolaemia. In all cases, treatment is directed at the cause. 

  Identifying  f eatures on the  ECG  

 The ECG trace displayed is normal or near - normal (Resuscitation 
Council UK,  2006 ). The patient could be in a state of cardiac arrest 
despite monitoring sinus rhythm.  

  Effects on the  p atient 

 The patient will have a cardiac arrest.  

  Treatment 

 Confi rm cardiac arrest and start CPR. Treatment is aimed at 
identifying and treating the cause if possible. The Resuscitation 
Council UK algorithm for the management of pulseless electrical 
activity (non - VF/VT) is depicted in Figure  9.1 .   

  AGONAL RHYTHM 
 Agonal rhythm is characterised by slow, irregular, wide QRS 
complexes of varying morphology (Resuscitation Council UK, 



 Cardiac Arrhythmias Associated with Cardiac Arrest 9

165

 2006 ). It is commonly described as the  ‘ dying heart rhythm ’  and 
can be seen towards the end of an unsuccessful CPR attempt. 
True stimulation of the myocardium does not occur and it may 
continue for several minutes despite the patient being clinically 
dead (Meltzer  et al. ,  1983 ). The rate slows down until asystole 
ensues. 

  Identifying  f eatures on the  ECG  

     •       QRS rate : usually very slow ( < 30/min).  
   •       QRS rhythm : irregular.  
   •       QRS complexes : very wide and bizarre.  
   •       P waves : absent.  
   •       Relationship between P waves and QRS complexes : unable to 

determine.     

  Effects on the  p atient 

 The patient will already have had a cardiac arrest.  

  Treatment 

 CPR will usually be stopped.  

  Interpretation of Figure  9.6  

       •       QRS rate : 25.  
   •       QRS rhythm : regular.  
   •       QRS complexes : very wide and bizarre.  
   •       P waves : absent.  
   •       Relationship between P waves and QRS complexes : no P waves 

present.    

 The ECG in Figure  9.6  displays agonal rhythm. It was recorded 
in a patient towards the end of an unsuccessful CPR attempt. The 
patient died.   

  CHAPTER SUMMARY 
 Cardiac arrhythmias associated with cardiac arrest have been 
discussed in this chapter. These include ventricular fi brillation 
(VF), pulseless ventricular tachycardia (VT), asystole, ventricular 
standstill, pulseless electrical activity (formally called electrome-
chanical dissociation or EMD) and agonal rhythm.  
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     Figure 9.6     Agonal rhythm.  
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 Recording a 12 Lead  ECG      

   INTRODUCTION 
 An electrocardiograph (see Figure  10.1 ) is a machine that records 
the waveforms generated by the heart ’ s electrical activity. An 
electrocardiogram (ECG) is a record or display of a person ’ s 
heartbeat produced by an electrocardiograph (Soanes  &  
Stevenson,  2006 ).   

 The recording of a 12 lead ECG must be undertaken meticu-
lously. Care should be taken to ensure accuracy and standardisa-
tion: poor technique can lead to misinterpretation of the ECG, 
mistaken diagnosis, unnecessary investigations and mismanage-
ment of the patient. To quote Marriott:  ‘ heart disease of electro-
cardiographic origin should be avoided ’  (Wagner,  2000 ). 

 The aim of this chapter is to understand the principles of 
recording a 12 lead ECG.  

  LEARNING OUTCOMES 
 At the end of the chapter the reader will be able to: 

   ❑      List the common indications for recording a 12 lead ECG.  
   ❑      Describe a procedure for recording a standard 12 lead ECG.  
   ❑      Discuss how to ensure accuracy, quality and standardisation 

when recording a 12 lead ECG.  
   ❑      Discuss what the standard 12 lead ECG records.     

  COMMON INDICATIONS FOR RECORDING A 12 LEAD  ECG  
 Common indications for recording a 12 lead ECG include: 

   •      Chest pain.  
   •      Myocardial infarction.  
   •      Sometimes prior to a general anaesthetic.  
   •      Cardiac arrhythmias.  

10
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  PROCEDURE FOR RECORDING A STANDARD 12 LEAD  ECG  
 A suggested procedure for recording a standard 12 lead ECG is: 

  (1)     Identify the patient.  
  (2)     Explain the procedure to the patient.  
  (3)     Assemble the equipment. It is important to ensure that the 

ECG cables are not twisted as this can cause interference 
(Metcalfe,  2000 ).  

  (4)     Ensure the environment is warm and the patient is as relaxed 
as possible. This will help produce a clear, stable trace 
without interference.  

  (5)     Ensure the patient is lying down in a comfortable position, 
ideally resting against a pillow at an angle of 45    °  with the 
head well supported (identical patient position should be 

     Figure 10.1     Electrocardiograph or ECG machine.  

   •      Palpitations.  
   •      History of syncope.  
   •      Following successful CPR.     
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adopted as with previous 12 lead ECGs: this will help ensure 
standardisation). The inner aspects of the wrists should be 
close to, but not touching, the patient ’ s waist.  

  (6)     Prepare the skin if necessary. If wet gel electrodes are used, 
shaving and abrading the skin is not required. If solid gel 
electrodes are used, clean/ degrease and debride the skin 
and shave if necessary.  

  (7)     Apply the electrodes (see Figure  10.2 ) and the limb leads:  
  (a)     red to the inner right wrist;  
  (b)     yellow to the inner left wrist;  
  (c)     black to the inner right leg, just above the ankle;  
  (d)     green to the inner left leg, just above the ankle.    

  (8)     Apply the electrodes to the chest (see Figure  10.3 a) and 
attach the chest leads: 
   (a)     V1 (white/red lead): fourth intercostal space, just to the 

right of the sternum;  
  (b)     V2 (white/yellow lead): fourth intercostal space, just to 

the left of the sternum;  
  (c)     V3 (white/green lead): midway between V2 and V4;  
  (d)     V4 (white/brown lead): fi fth intercostal space, mid - 

clavicular line;  
  (e)     V5 (white/black lead): on anterior axillary line, on the 

same horizontal line as V4;  
  (f)     V6 (white/violet lead): mid - axillary line, on the same 

horizontal line as V4 and V5.    
  (9)     Check the calibration signal on the ECG machine to ensure 

standardisation (Metcalfe,  2000 ).  
  (10)     Ask the patient to lie still and breathe normally.  
  (11)     Print out the ECG following the manufacturer ’ s 

recommendations.  
  (12)     Once an adequate 12 lead ECG has been recorded, discon-

nect the patient from the ECG machine. Clear equipment 
away and clean as necessary following the manufacturer ’ s 
recommendations. Sometimes, electrodes are left on the 
patient if serial recordings are going to be required.  

  (13)     Ensure the ECG is correctly labelled. Report and store 
the ECG in the correct patient ’ s notes following local 
procedures. 

  (Jevon,  2007 )        
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     Figure 10.2     ECG electrodes. Reproduced by kind permission of Ambu.  



           Figure 10.3      (a)  Standard placement of chest leads.  Reprinted from Morris F,  et al. , 
 ABC of Clinical Electrocardiography , 2nd edn, copyright 2008, with permission of 
Blackwell Publishing.   (b)  Alternative placement of chest leads to detect right ven-
tricular infarction: right - sided chest leads.  Reprinted from Morris F,  et al. ,  ABC of 
Clinical Electrocardiography , 2nd edn, copyright 2008, with permission of Blackwell 
Publishing.   (c)  Alternative placement of chest leads to detect posterior infarction: 
posterior chest leads.  Reprinted from Morris, F.  et al. ,  ABC of Clinical Electrocardi-
ography , 2nd edn, copyright 2008, with permission of Blackwell Publishing.   
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  Locating the  i ntercostal  s paces for the  c hest  l eads 

 Using the right clavicle as a reference to palpate the fi rst intercos-
tal space can lead to mistaking the space between the clavicle and 
the fi rst rib as the fi rst intercostal space. It is therefore recom-
mended to use the angle of Louis as a reference point for locating 
the second intercostal space. The procedure is: 

  (1)     Palpate the angle of Louis (sternal angle)  –  it is at the junction 
between the manubrium and the body of the sternum.  

  (2)     Slide the fi ngers towards the right side of the patient ’ s chest 
and locate the second rib, which is attached to the angle of 
Louis.  

  (3)     Slide the fi ngers down towards the patient ’ s feet and locate 
the second intercostal space.  

  (4)     Slide the fi ngers further down to locate the third and fourth 
ribs and the corresponding four intercostal spaces.     

  Alternative  c hest  l ead  p lacements 

 Alternative chest lead placements are sometimes indicated: 

   •       Right - sided : inferior or posterior myocardial infarction, to 
ascertain whether there is right ventricular involvement (these 
patients may require careful management for hypotension and 
pain relief) and dextrocardia. The chest leads are labelled V3R 
to V6R and are in effect refl ections of the left - sided chest leads 
V3 to V6.  

   •       Posterior : particularly if there are reciprocal changes in V1 – V2, 
suggesting posterior myocardial infarction. Chest leads are 
applied to the patient ’ s back below the left scapula, corre-
sponding to the same level as the fi fth intercostal space, to view 
the posterior surface of the heart.  

   •       Higher or more lateral on the chest : if the clinical history is sug-
gestive of myocardial infarction, but the ECG is inconclusive.     

    Alternative placements of chest electrodes: right chest leads 
(see Figure  10.3 b) to detect right ventricular infarction and 
posterior chest leads (see Figure  10.3 c) to detect posterior 
infection.    
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  Labelling the 12  l ead  ECG  

 Labelling the 12 lead ECG should follow local protocols (often 
done electronically). All relevant information should be included, 
i.e. patient details (name, unit number, date of birth), date and 
time of recording, ECG serial number, together with any relevant 
information, e.g. if the patient was free from pain or complaining 
of chest pain during the recording, post - thrombolysis. The leads 
should be correctly labelled and deviations to the standard 
recording of a 12 lead ECG should be noted, e.g. right - sided chest 
leads, paper speed of 50   mm/s, different patient position.   

  ENSURING ACCURACY, QUALITY AND STANDARDISATION 
WHEN RECORDING  A  12 LEAD  ECG  
 Many variables can infl uence the recording of a 12 lead ECG 
trace, without introducing unnecessary technical ones (Marriott, 
 1988 ). Deviations from the standard procedure for the recording 
of a 12 lead ECG can lead to misinterpretation and misdiagnosis. 
It is therefore important to ensure accuracy, quality and standar-
disation when recording a 12 lead ECG. 

  Accuracy 

 Errors in electrode connection or placement are common (Jowett 
 &  Thompson,  1995 ). Slight displacement of the chest leads can 
produce considerable changes in the ECG pattern (Marriott, 
 1988 ). Interchanging limb leads could result in serious misinter-
pretation of the ECG, e.g. interchanged right arm and left leg 
leads produces a pattern mimicking inferior myocardial infarc-
tion with aVF resembling aVR.  

  Quality 

 Poor electrode contact, patient movement and electrical interfer-
ence, e.g. from infusion pumps by the bed, can cause a fuzzy 
appearance on the ECG trace. Efforts should be made to minimise 
interference, ensure good electrode contact and relax the patient. 
Other electrical devices should be moved away from the patient.  

  Standardisation 

     •      To help comparison of serial 12 lead ECGs, they should be 
recorded with the patient in the same position. If this is not 
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possible, e.g. if the patient has orthopnoea, a note to this effect 
should be made because the electrical axis of the heart (main 
direction of current fl ow) can be altered, which makes review-
ing and comparing serial ECGs diffi cult (Wagner,  2000 ).  

   •      Standard calibration is 1   mV vertical defl ection on the ECG (see 
Figure  10.4 ). If calibration varies from recording to recording, 
ECG changes can sometimes be diffi cult to detect and the inter-
preter has to take into account inconsistencies in standardisa-
tion (Wagner,  2000 ).  

   •      Standard paper speed is 25   mm/s.    

 NB Any deviations to the standard procedure for the recording 
of a 12 lead ECG should be highlighted on the ECG. This will 
help to avoid possible misinterpretation and misdiagnosis.   

  WHAT THE STANDARD 12 LEAD  ECG  RECORDS 
 The heart generates electrical forces, which travel in multiple 
directions simultaneously. If the fl ow of current is recorded in 
several planes, a comprehensive view of this electrical activity 
can be obtained. 

 The standard 12 lead ECG records the electrical activity of the 
heart from 12 different viewpoints or leads ( ‘ leads ’  are view-
points of the heart ’ s electrical activity, they do not refer to the 
cables or wires which connect the patient to the monitor or ECG 
machine) by attaching 10 leads to the patient ’ s limbs and chest. 

     Figure 10.4     Standard calibration.  Reproduced by kind permission of Medtronic.   
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  Limb  l eads 

 If leads are attached to the patient ’ s right arm, left arm and left 
foot, the three major planes for detecting electrical activity can be 
recorded (a fourth lead, attached to the right leg serves as a 
neutral electrode and is not used for recording). A hypothetical 
triangle (Einthoven ’ s triangle) is formed by these three axes, with 
the heart in the middle (see Figure  10.5 ). 

     Figure 10.5     Einthoven ’ s triangle.  Reproduced by kind permission of Philips Health-
care and Medtronic.   
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 These three different views of the heart are designated stan-
dard leads I, II and III (Jowett  &  Thompson,  1995 ) and each 
records the difference in electrical forces between the two lead 
sites (Meltzer  et al. ,  1983 ), hence the term bipolar leads. This 
electrode placement also permits recording from three unipolar 
leads: aVR, aVL and aVF.  

  Chest  l eads 

 The six chest leads view the heart in a horizontal plane from the 
front (anterior) and from the side (lateral) (see Figure  10.6 ).    

  Standard  p lacement of  l imb and  c hest  l eads and  t heir 

 r elation to the  s urface of the  h eart 

     •      Inferior surface of the heart: leads II, III, aVF.  
   •      Anterior surface of the heart: leads V1, V2, V3, V4.  
   •      Lateral surface of the heart: leads I, aVL, V5, V6.  
   •      Septum: leads V2, V3.     

  Confi guration of the  ECG   w aveform 

 Electrical current fl ows between two poles, a positive one and a 
negative one. An upward defl ection will be recorded on the ECG 
when the current is fl owing towards the positive pole; whereas a 

     Figure 10.6     Horizontal plane (chest leads).  Reproduced by kind permission of 
Medtronic.   
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downward defl ection will be recorded if the current is fl owing 
away from the positive pole. 

 If an impulse is travelling towards a lead then the QRS complex 
in that lead will be predominantly positive, whereas if it is 
moving away from the lead it will be predominantly negative. 

 During depolarisation of the intraventricular septum, the 
impulse travels initially from left to right (see Figure  10.7 ). The 
impulse then travels down the bundle branches and Purkinje 
fi bres resulting in multidirectional and simultaneous ventricular 
depolarisation (see Figure  10.7 ). In normal circumstances, the 
overall direction of depolarisation is towards the dominant mass 
of the left ventricle (see Figure  10.7 ). This results in: 

     Figure 10.7     Mean vector of electrical activity.  Reproduced by kind permission of 
Medtronic.   
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   •      Small Q waves and tall R waves in leads facing the left ven-
tricle, e.g. leads II, V5, V6.  

   •      Small R waves and deep S waves in leads facing the right 
ventricle, e.g. V1, V2 (see Figure  10.7 ).  

   •      R and S waves of equal size when the wave of depolarisation 
is at right angles to the lead, e.g. aVL.      

 Consequently the confi guration of the ECG waveform will 
depend upon the ECG lead being monitored. Figures  10.8  and 
 10.9  depict typical ECG confi gurations in the limb and chest leads 
respectively.     

  CHAPTER SUMMARY 
 The 12 lead ECG is an essential diagnostic tool in the manage-
ment of heart disease, in particular acute myocardial infarction. 
When recording a 12 lead ECG, care should be taken to ensure 
accuracy and standardisation in order to avoid possible misinter-
pretation of the ECG and mismanagement of the patient.  

     Figure 10.8     Typical ECG confi guration in the limb leads.  
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     Figure 10.9     Typical ECG confi guration in the chest leads.  
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 Interpreting a 12 

Lead  ECG      

   INTRODUCTION 
 The 12 lead ECG is an essential diagnostic tool in the manage-
ment of heart disease. In particular, with the advent of throm-
bolytic therapy, the 12 lead ECG plays an important role in the 
early diagnosis of acute myocardial infarction. In addition, it 
can provide detailed and useful information when interpreting 
cardiac arrhythmias. When interpreting it in light of the clinical 
history, the ECG can be invaluable in aiding selection of the most 
appropriate management (Channer  &  Morris,  2008 ). 

 The aim of this chapter is to understand the principles of inter-
preting a 12 lead ECG.  

  LEARNING OUTCOMES 
 At the end of the chapter the reader will be able to: 

   ❑      Describe a systematic approach to the interpretation of a 12 
lead ECG.  

   ❑      Discuss the ECG features associated with myocardial 
infarction.  

   ❑      Discuss the ECG features associated with myocardial 
ischaemia.  

   ❑      Discuss the ECG changes associated with bundle branch block.  
   ❑      Interpret a selection of 12 lead ECGs.     

  SYSTEMATIC APPROACH TO THE INTERPRETATION OF 
A 12 LEAD  ECG  
 A systematic approach to the interpretation of a 12 lead ECG 
involves examining/checking: 

   •      Patient and ECG details.  
   •      Calibration.  

11
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   •      P waves.  
   •      PR interval.  
   •      QRS rate.  
   •      QRS rhythm.  
   •      QRS complexes.  
   •      T waves.  
   •      ST segment.  
   •      QT interval.  
   •      U waves.  
   •      Relationship between the P waves and QRS complexes.  
   •      The rhythm.  
   •      Electrical axis.  
   •      Previous ECGs.    

  Patient and  ECG   d etails 

 Check the patient details: name, hospital number, etc. Also check 
the ECG details, including date and time of recording and 
whether there were any deviations to the standard approach to 
the recording of a 12 lead ECG.  

  Calibration 

 Check the calibration of the ECG (see Figure  10.5  in Chapter  10 ).  

   P   w aves 

 Establish whether P waves are present. If they are present deter-
mine the rate and whether their morphology is normal and con-
stant. As atrial activation spreads across the atria in an inferior 
direction towards the AV junction, P waves are usually upright 
in leads facing the inferior surface of the heart (leads II, III and 
aVF) and inverted in aVR which faces the superior surface. 

 Changes in P wave morphology imply a different pacemaker 
focus for the impulse. Retrograde activation through the AV junc-
tion (junctional or ventricular arrhythmias) usually results in the 
P waves being inverted in leads II, III and aVF (atrial depolarisa-
tion opposite direction to normal). 

 The amplitude should not exceed 0.3   mV (3 small squares), 
the width should not exceed 0.11   s (2.75 small squares) and 
the shape should be round, not notched or pointed. When 
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examining P waves it is important to look for the following 
abnormalities: 

   •       Increased amplitude  ( > 0.3   mV): usually indicative of atrial hyper-
trophy or dilation. Often associated with hypertension or AV 
valve disease.  

   •       Increased duration  ( > 0.11   s): usually indicative of left atrial 
enlargement.  

   •       Inversion in leads when normally upright : inverted P waves in 
leads I and II are indicative of the spread of the impulse across 
the atria in an unorthodox way, e.g. atrial premature beat 
(APB), junctional premature beat (JPB).  

   •       Notching : left atrial enlargement, sometimes referred to as P 
mitrale.  

   •       Peak complex : tall, pointed P waves, more noticeable in lead III 
than in lead I, resulting from right atrial overload, sometimes 
referred to as P pulmonale.  

   •       Diphasicity : when the second part of the P wave is signifi cantly 
negative in lead III or V1, it is an important sign of left atrial 
enlargement.    

 Sometimes, it may be diffi cult to establish whether P waves are 
present because they are partly or totally obscured by the QRS 
complexes or T waves, e.g. in sinus tachycardia P waves may 
merge with the preceding T waves. 

 In SA block and sinus arrest, P waves will be absent. In atrial 
fi brillation, no P waves can be identifi ed, just a fl uctuating base-
line. In atrial fl utter, P waves are replaced by regular sawtooth 
fl utter waves, at a rate of approximately 300/min.  

   PR   i nterval 

 Calculate the PR interval. It represents the time taken for the 
impulse to travel from the SA node to the ventricles. It is mea-
sured from the beginning of the P wave to the beginning of the 
QRS complex. The normal PR interval is 0.12 – 0.20   s (3 – 5 small 
squares). It varies with heart rate: the faster the heart rate, the 
shorter the interval. 

 A prolonged PR interval ( > 0.20   s) is indicative of AV block. 
Sometimes it is a normal variation. A shortened PR interval 
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( < 0.12   s) is associated with an AV junctional pacemaker or the 
presence of an accessory pathway, e.g. Wolff - Parkinson - White 
syndrome.  

   QRS   r ate 

 Estimate the QRS rate by counting the number of large squares 
between two adjacent QRS complexes and dividing it into 300 
(caution if the QRS rate is irregular). For example, the QRS rate 
in Figure  3.2  in Chapter  3  is about 75/min (300/4). 

 An alternative method is to count the number of QRS com-
plexes in a defi ned number of seconds and then calculate the rate 
per minute. For example, if there are 12 QRS complexes in a 10   s 
strip; ventricular rate is 72/min (12    ×    6). 

   •      Normal QRS rate: 60 – 100/min.  
   •      Slow QRS rate (bradycardia):  < 60/min.  
   •      Fast QRS rate (tachycardia):  > 100/min.    

 NB A pulse rate of 50/min may be  ‘ normal ’  in some patients 
and one of 70/min may be abnormally slow in other patients.  

   QRS   r hythm 

 Ascertain whether the QRS rhythm is regular or irregular. Using 
the rhythm strip displayed on the ECG, carefully compare RR 
intervals. Callipers may help. 

 Alternatively, plot two QRS complexes on a piece of paper. 
Then move the paper to other sections on the rhythm strip and 
ascertain whether the marks are aligned exactly with other pairs 
of QRS complexes (regular QRS rhythm) or not (irregular QRS 
rhythm) (see Figure  3.4   on page 47 ). 

 If the QRS rhythm is found to be irregular, determine whether 
it is totally irregular or whether there is a cyclical variation in the 
RR intervals (Resuscitation Council UK,  2006 ). 

 A totally irregular QRS rhythm most likely indicates atrial 
fi brillation, particularly if the morphology of the QRS complexes 
remains constant. If there is a cyclical pattern to the irregularity 
of the RR intervals, examine the relationship between the P waves 
and QRS complexes (see below). The presence of ectopics can 
render an otherwise regular QRS rhythm irregular. Determine 
whether they are atrial, junctional or ventricular.  



 11 ECGs for Nurses

186

   QRS   c omplexes 

 Examine the morphology of the QRS complexes. The QRS 
complex represents the spread of the impulse through the ven-
tricles and is labelled as follows: 

   •      Q wave: if the fi rst defl ection of the complex is negative or 
downward.  

   •      R wave: the fi rst positive or upright defl ection.  
   •      S wave: negative defl ection following an R wave.  
   •      R1: if there is a second positive defl ection.  
   •      S1: if there is a second negative defl ection.    

 Lower case and capital letters are used to describe the relative 
sizes of the QRS components. When examining the morphology 
of the QRS complexes, measure the width and amplitude and 
examine any Q waves. 

  Width 
 Normal width is  < 0.12   s/3 small squares. A QRS width of 
0.12   s/3 small squares or more is indicative of abnormal intraven-
tricular conduction, either bundle branch block or a ventricular 
arrhythmia. 

 If the patient has a tachyarrhythmia with a wide QRS complex, 
it is important to establish whether it is supraventricular or ven-
tricular in origin. Supraventricular tachycardia with aberration 
(i.e. impulses are conducted to the ventricles with bundle branch 
block resulting in wide QRS complexes) can mimic ventricular 
tachycardia. Most wide complex tachycardias are ventricular in 
origin. According to Wagner  (2000) , the following ECG features 
favour ventricular origin: 

   •      R or qR (rabbit ear) in V1.  
   •      rS or QS in V6.  
   •      All QRS complexes in the chest leads either positive or nega-

tive (concordance).  
   •      Extreme axis deviation (90    °  to 180    ° )  –  positive aVR.  
   •      QRS complex    >    0.14   s/3.5 small squares.  
   •      Presence of fusion beats and/or capture beats.  
   •      AV dissociation.    
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 According to Wagner  (2000) , the following ECG features favour 
aberrant conduction: 

   •      rsR morphology in V1.  
   •      qRs morphology in V6.  
   •      QRS morphology identical to pre - existing bundle branch block.  
   •      If there is right bundle branch block and the initial QRS defl ec-

tion is identical to that with the normal beats.     

  Amplitude ( v oltage) 
 The total amplitude, i.e. above and below the isoelectric line, 
should be greater than 0.5   mV (5 small squares) in the standard 
limb leads. Abnormally low voltage may be seen in pericardial 
effusion, myxoedema and widespread myocardial damage. The 
distance the recording leads are away from the heart can also 
infl uence the voltage  –  chest size, chest wall thickness, etc. should 
be taken into account when examining the amplitude. 

 Ventricular hypertrophy will result in increased electrical 
activity and an increase in height of the QRS complex. In right 
ventricular hypertrophy, the lead facing the right ventricle (V1) 
displays dominant R waves at least 0.5   mV (5 small squares) tall 
instead of the usual dominant S waves (Julian  &  Cowan,  1993 ). 
In left ventricular hypertrophy, the leads facing the left ventricle 
(V5 and V6) display tall R waves    >    2.5   mV (25 small squares) and 
the lead facing the right ventricle (V1) displays deep S waves.  

  Q waves 
 Small narrow Q waves are normal in leads facing the left 
ventricle, i.e. lead I, aVL, aVF, V5 and V6. Wide ( > 0.04   s/1 small 
square) and deep ( > 0.2   mV/2 small squares) Q waves are indica-
tive of myocardial infarction (Hampton,  2000 ). The presence of Q 
waves in lead III is sometimes a normal fi nding.   

   T   w aves 

 Examine the T waves. They represent repolarisation of the ven-
tricles. Note the direction, shape and height. They are normally 
upright in leads I, II and V3 – V6, inverted in aVR and variable in 
the other leads. They are normally slightly rounded and asym-
metrical. Their height should not be    >    0.5   mV (5 small squares) in 
the standard leads or  > 1.0   mV (10 small squares) in the chest leads. 
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 Sharply pointed T waves are suggestive of myocardial infarc-
tion or hyperkalaemia. Notched T waves are sometimes found in 
pericarditis. Inverted T waves can be associated with myocardial 
ischaemia, digoxin toxicity and ventricular hypertrophy. 

 The T wave morphology can be affected by myocardial isch-
aemia in a variety of different ways: tall, fl attened, inverted or 
biphasic (Channer  &  Morris,  2008 ). In ventricular hypertrophy 
the T waves are inverted and asymmetrical (Julian  &  Cowan, 
 1993 ). In left ventricular hypertrophy, the T waves are inverted 
in the left ventricular leads, i.e. leads II, aVL, V5 and V6; in right 
ventricular hypertrophy, the T waves are inverted in the right 
ventricular leads, i.e. V2 and V3 (Hampton,  2000 ).  

   ST   s egment 

 Examine the ST segment. It represents the period following ven-
tricular depolarisation (end of QRS complex) to the beginning of 
ventricular repolarisation (beginning of the T wave). It is usually 
isoelectric. Note the level of the ST segment in relation to the 
baseline (elevation or depression) and also its shape. 

 Elevation or depression is indicative of an abnormality in the 
onset of ventricular muscle recovery. Elevation    > 0.1   mV (1 small 
square) in the limb leads and  > 0.2   mV (2 small squares) in the 
chest leads is abnormal. The commonest cause of ST segment 
elevation is myocardial infarction. Widespread (and not localised) 
ST segment elevation (concave upwards) is characteristic of peri-
carditis. ST segment elevation is sometimes a normal fi nding in 
healthy young black men (Marriott,  1988 ). 

 The ST segment shape should gently curve into the T wave. 
Depression    >    0.5   mV (0.5 small square) is abnormal (Julian  &  
Cowan,  1993 ). Horizontal depression of the ST segment, together 
with an upright T wave, is usually indicative of myocardial isch-
aemia (Hampton,  2000 ). In digoxin toxicity, the ST segment is 
down - sloping or sagging (Channer  &  Morris,  2008 ), particularly 
prominent in leads II and III.  

   QT   i nterval 

 Calculate the QT interval. It represents the total duration of ven-
tricular depolarisation and repolarisation. It is measured from the 
beginning of the QRS complex to the end of the T wave. It varies 



 Interpreting a 12 Lead ECG 11

189

with heart rate, sex (longer in women) and age. The normal QT 
interval is usually less than half of the preceding RR interval 
(Marriott,  1988 ) and the upper limit of normal is 0.40   s/2 large 
squares (Hampton,  2000 ). 

 A prolonged QT interval indicates that ventricular repolarisa-
tion is delayed, which could result in the development of tachyar-
rhythmias. Causes of a prolonged QT interval include genetic, 
drugs, hypothermia and electrolyte imbalance.  

   U   w aves 

 U waves are low voltage waves that may be seen following the 
T waves. Their source is uncertain (Marriott,  1988 ). They share 
the same polarity as the T waves and are best viewed in V3. They 
are more prominent in hypokalaemia.  

  Relationship between the  P   w aves and  QRS   c omplexes 

 Establish whether the P waves and QRS complexes are associated 
with to each other. Ascertain whether each P wave is followed by 
a QRS complex and each QRS complex is preceded by a P wave. 

 If the PR interval is constant, atrial and ventricular activity is 
likely to be associated. If the PR interval is variable, establish 
whether atrial and ventricular activity is associated or dissoci-
ated. Map out the P waves and QRS complexes and examine their 
relationship. Look for any recognisable patterns, the presence of 
dropped beats and PR intervals that vary in a repeated fashion 
(Resuscitation Council UK,  2006 ). 

 AV dissociation is when the atria and ventricles are depolar-
ised by two different sources. It is seen, for example, in third 
degree (complete) AV block and sometimes in ventricular tachy-
cardia. It is not a diagnosis in itself, but a clinical feature identifi ed 
on the ECG of a cardiac arrhythmia.  

  Electrical  a xis 

 In order to depolarise every cardiac cell, the electrical impulses 
must travel in many different directions through the myocar-
dium. These different directions of current fl ow collectively 
determine the electrical summation vector or axis during depo-
larisation and systole (Paul  &  Hebra,  1998 ). Normally, the axis is 
down and to the patient ’ s left, refl ecting the impulse direction 
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down from the SA node, through the AV junction and down to 
and through the ventricles (see Figure  10.8  in Chapter  10 ). 

 For simplifi cation, Marriott  (1988)  defi nes a normal axis as 
between 0    °  and 90    ° , right axis deviation as between 90    °  and 180    ° , 
and left axis deviation as between 0    °  and  − 90    °  (see Figure  11.1 ).   

 There are several methods that can be used to calculate the 
cardiac axis; some are more confusing than others. Some basic 
principles to consider when calculating the electrical axis are as 
follows: 

   •      The lead with the largest positive QRS defl ection is the closest 
of the six limb leads towards which the electrical summation 
vector or axis travels.  

   •      The lead with the largest negative QRS defl ection is the fur-
thest of the six limb leads away from which the electrical sum-
mation vector or axis travels.  

   •      The electrical axis points towards leads whose R waves are 
larger than the S waves.  

   •      The electrical axis points away from leads whose R waves are 
smaller than the S waves.  

   •      The electrical axis is at right angles to the lead with equally 
sized R and S waves.    

      Figure 11.1     Hexaxial reference system. Reproduced by kind permission of Williams 
 &  Wilkins.  

Image not available in the electronic edition
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 Houghton  &  Gray  (2003)  suggest the following quick and 
simple technique for working out the cardiac axis. Examine leads 
I and II. If the QRS complex is: 

   •      Predominantly positive in both leads I and II, the axis is normal.  
   •      Predominantly positive in lead I but predominantly negative 

in lead II, there is left axis deviation.  
   •      Predominantly negative in lead I, but predominantly positive 

in lead II, there is right axis deviation.    

 (For most practical purposes, it is not necessary to determine 
the exact axis of the heart.) 

 A useful aide - memoire is: 

   •      If lead I is predominantly positive and lead III is predomi-
nantly negative, they will be pointing away from each other, 
i.e. they have  left  each other  –  left axis deviation.  

   •      If lead I is predominantly negative and lead III is predomi-
nantly positive, they will be pointing towards each other, i.e. 
they are  right  for each other  –  right axis deviation.    

 Causes of left axis deviation include: 

   •      Left bundle branch block.  
   •      Left anterior fascicular block.  
   •      Ventricular arrhythmias.    

 Causes of right axis deviation include: 

   •      Right bundle branch block.  
   •      Left posterior fascicular block.  
   •      Ventricular arrhythmias.      

   ECG  CHANGES ASSOCIATED WITH 
MYOCARDIAL INFARCTION 
 Over 80% of patients with acute myocardial infarction present 
with an abnormal ECG (Jowett  &  Thompson,  1995 ). However, 
less than 50% of patients initially present with typical and diag-
nostic ECG changes (Channer  &  Morris,  2008 ). Sometimes the 
ECG may be normal or inconclusive. Nevertheless, despite some 
limitations, the ECG is probably still the best way of diagnosing 
myocardial infarction (Timmis,  1990 ). 
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 Daily (often subtle) ECG changes can be of major value in the 
diagnosis of myocardial infarction, especially when they are 
interpreted with the knowledge of the clinical history and serum 
enzyme changes (Jowett  &  Thompson,  1995 ). Approximately 10% 
of patients with a proven myocardial infarction (clinical history 
and cardiac enzyme rises) fail to develop ST segment elevation 
or depression (Morris  &  Brady,  2008 ). 

  Within  m inutes of  m yocardial  i nfarction 

 Within minutes of myocardial infarction, the normal QRS complex 
(see Figure  11.2 ) with a tall R wave and a positive T wave, 
changes. The earliest signs are subtle: T waves over the affected 
area become more pronounced, symmetrical and pointed. These 
T waves, often referred to as  ‘ hyperacute T waves ’ , are more 
evident in the anterior leads and are more easily identifi ed if an 
old 12 lead ECG is available for comparison (Morris  &  Brady, 
 2008 ).   

 These T wave changes are quickly followed by ST segment 
elevation (see Figure  11.3 ), which is often seen in leads facing the 
affected area of the myocardium. It is caused by damaged, but 
not necrosed, myocardial tissue. It can occur within minutes of 
the onset of chest pain and is a characteristic ECG change used 
as a criterion for the administration of thrombolytic therapy 
(Colquhoun,  1993 ).    

  Hours to  d ays  f ollowing  m yocardial  i nfarction 

 Hours to days following the event, in the leads facing the affected 
area, the R waves become smaller. Wide ( > 0.04   s or 1 small square) 

     Figure 11.2     Normal QRST complex. Reproduced by kind permission of Ambu.  
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     Figure 11.3     ST segment elevation. Reproduced by kind permission of Ambu.  

     Figure 11.4     ST segment begins to subside and T waves become increasingly nega-
tive. Reproduced by kind permission of Ambu.  

and deep ( > 0.2   mV or 2 small squares) Q waves develop 
(Hampton,  2000 ). In addition, the ST elevation begins to subside 
and T waves become increasingly negative (Figure  11.4 ).   

 The presence of deep and broad Q waves indicates there is 
necrosed myocardial tissue in the heart which the leads face. The 
Q waves actually represent electrical activity in the opposite ven-
tricular wall, which the leads view through an electrical window 
created by the necrosed (electrically inactive) myocardial tissue.  

  Days to  w eeks  f ollowing  m yocardial  i nfarction 

 Days to weeks later, the ST segment returns to the baseline and 
the T waves become more inverted and symmetrical (see Figure 
 11.5 ). Sometimes the R wave completely disappears.   

 Although most Q waves persist following a myocardial infarc-
tion, up to 15% can regress within 18 months with some ECGs 
returning to normal after three years (Surawicz  et al. ,  1978 ).  
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  Localising the  m yocardial  i nfarction from the  ECG  

 The characteristic changes seen in myocardial infarction are seen 
in the leads that record from the affected area. Familiarity with 
the areas of the myocardium represented by each of the ECG 
leads will enable not only the localisation of the infarction but 
also the extent of it. Common sites of infarction and the affected 
leads (Colquhoun,  1993 ) are summarised as follows: 

   •      Inferior myocardial infarction: leads II, III, aVF.  
   •      Lateral myocardial infarction: leads I, aVL, V5, V6.  
   •      Anteroseptal myocardial infarction: V1, V2, V3, V4.  
   •      Anterolateral myocardial infarction: I, aVL, V4, V5, V6.    

 Right ventricular myocardial infarction, which is associated 
with 40% of inferior myocardial infarctions, is often overlooked 
because the standard 12 lead ECG does not provide a good indi-
cation of right ventricular damage (Morris  &  Brady,  2008 ). The 
presence of ST elevation in V1 does suggest right ventricular 
damage. However, right - sided chest leads (see Figure  10.3b     on 
page 173 ) are more sensitive and these should be recorded as 
soon as possible. Subsequent management may need to be modi-
fi ed if the infarction involves the right ventricle. 

 Posterior myocardial infarction is often missed because the 
standard 12 lead ECG does not include the posterior leads. ECG 
changes can be seen indirectly in leads V1 – V3 which face the 
endocardial surface of the posterior wall of the left ventricle: the 
 ‘ mirror image ’  includes tall R waves, ST depression and upright 
T waves (Morris  &  Brady,  2008 ). Posterior wall chest leads (see 

     Figure 11.5     Q waves and inverted T waves. Reproduced by kind permission of 
Ambu.  
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Figure  10.3c     on page 173 ) should be recorded to help confi rm 
diagnosis.  

  Q wave and  n on -  Q   w ave  i nfarctions 

 Q wave infarctions are commonly termed transmural or full -
 thickness infarctions. Non - Q wave infarctions are commonly 
termed not full - thickness or subendocardial infarctions. However, 
this pathology is often not correct (Hampton,  2000 ). 

 In an extensive myocardial infarction, Q waves are a perma-
nent sign of necrosis. However, when the myocardial infarction 
is more localised, the scar tissue may contract during the healing 
process, reducing the size of the electrically inert area resulting 
in the disappearance of the Q waves (Morris  &  Brady,  2008 ).  

  Reciprocal  c hanges 

 ST depression in leads remote from the site of the infarct are 
referred to as reciprocal changes. They are a highly sensitive 
indicator of acute myocardial infarction (Morris  &  Brady,  2008 ). 
They may be seen in leads that do not directly view the affected 
area of myocardium (they refl ect a mirror image of their opposite 
leads). In Figure  11.6 , ST elevation is evident in the inferior leads 
with reciprocal changes in the lateral leads. The depressed ST 
segments are typically horizontal or downsloping.   

 Reciprocal changes are seen in approximately 70% of inferior 
and 30% of anterior myocardial infarctions (Morris  &  Brady, 
 2008 ). Reciprocal changes in the anterior chest leads V1 – V3 are 
sometimes evident in a posterior myocardial infarction. The pres-
ence of reciprocal changes is particularly useful when there is 
doubt about the clinical signifi cance of ST elevation (Morris  &  
Brady,  2008 ).  

  Diagnosing  m yocardial  i nfarction in the  p resence of  l eft 

 b undle  b ranch  b lock 

 Diagnosing myocardial infarction in the presence of left bundle 
branch block can be very diffi cult. Q waves, ST segment and T 
wave changes can be obscured.  

   ECG   e xamples of  m yocardial  i nfarction 

 The ECG in Figure  11.6  displays the characteristic ECG changes 
associated with acute inferior myocardial infarction. ST elevation 
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     Figure 11.6     Acute inferior myocardial infarction.  
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can clearly be seen in leads II, III and aVF. Reciprocal changes 
can be seen, most markedly in lead aVL. Subsequent ECGs will 
probably indicate lateral involvement as well, i.e. inferolateral 
myocardial infarction. The ECG in Figure  11.7 , recorded with 
right - sided chest leads, displays right ventricular involvement. 
This patient was admitted with a one - hour history of crushing 
central chest pain. The ECG changes are typical of an acute myo-
cardial infarction.   

 The ECG in Figure  11.8  displays the characteristic ECG changes 
associated with inferior myocardial infarction. There is ST eleva-
tion in the inferior leads (II, III and aVF). However, the T waves 
in these leads are beginning to become negative. This, with the 
development of Q waves in the inferior leads, is suggestive that 
the infarct is not acute. This patient was admitted with a 24 - hour 
history of central chest pain.   

 The ECG in Figure  11.9  displays the characteristic ECG changes 
associated with posterior myocardial infarction. Tall R waves and 
ST depression in the anterior leads V1 and V2 and reciprocal 
changes in the lateral leads I and aVL would suggest this diag-
nosis. Posterior wall chest leads would be required to help 
confi rm the diagnosis of a posterior myocardial infarction.   

 The ECG in Figure  11.10  displays the characteristic ECG changes 
associated with an anteroseptal or septal myocardial infarction. 
There is ST elevation in leads aVL and V1 – V4. In addition, there 
is right bundle branch block and left anterior fascicular block 
(bifascicular block), a complication of septal infarction. Regarding 
the right bundle branch block the familiar rSR morphology has 
been replaced with QR morphology due to the infarction.   

 The ECG in Figure  11.11  displays the characteristic ECG 
changes associated with an anteroseptal myocardial infarction. 
The abnormally tall and peaked T waves in leads V1 – V4 are very 
suggestive of this. These ECG changes are hyperacute and are 
occasionally seen in the septal chest leads. This patient was 
admitted by his GP with a one - hour history of chest pain.     

   ECG  CHANGES ASSOCIATED WITH 
MYOCARDIAL ISCHAEMIA 
 Myocardial ischaemia can cause changes in the ST segment and 
T wave but not the QRS complex (except if it causes bundle 
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     Figure 11.7     Acute inferior myocardial infarction with right - sided chest leads indicating right ventricular involvement.  
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     Figure 11.8     Inferior myocardial infarction.  
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     Figure 11.9     Possible posterior myocardial infarction.  
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     Figure 11.11     Anteroseptal or septal myocardial infarction.  
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branch block) (Channer  &  Morris,  2008 ). Ischaemic changes asso-
ciated with chest pain, but in the absence of myocardial infarc-
tion, are prognostically signifi cant; 20% of patients with ST 
segment depression and 15% of patients with inverted T waves 
will experience severe angina, myocardial infarction or death 
within 12 months of their initial presentation, compared to 10% 
of patients with a normal trace (Channer  &  Morris,  2008 ). It is 
therefore paramount that patients presenting with chest pain 
who have ischaemic changes on their ECG are reviewed by a 
cardiologist; percutaneous coronary intervention (PCI) may be 
indicated. 

 NB ST segment and T wave changes are not necessarily an 
indication of ischaemia; they can also be associated with left 
ventricular hypertrophy, digoxin toxicity and hypokalaemia. 

   ST   s egment  d epression 

 Myocardial ischaemia typically causes ST segment depression, 
which can present in different ways (see Figure  11.12 ). In any 
given lead, the degree of ST segment depression is proportional 
to the size of the R wave, i.e. it is more prominent in leads V4 – V6 
(Channer  &  Morris,  2008 ).   

 The ECG in Figure  11.13  was recorded in a 68 - year - old 
man complaining of chest pain during an adenosine stress test 

     Figure 11.12     ST changes with ischaemia showing normal wave form (a); fl attening 
of ST segment (b), making T wave more obvious; horizontal (planar) ST segment 
depression (c); and downsloping ST segment depression (d).  Reprinted from Morris 
F,  et al. ,  ABC of Clinical Electrocardiography , 2nd edn, copyright 2008, with permis-
sion of Blackwell Publishing.   

(a)

(c)

(b)

(d)
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     Figure 11.13     Ischaemic changes: widespread ST segment depression.  

V1

III

II

I aVR

aVL

aVF

V2

V3 V6

V1 V4

V5

100 Hz 25.0 mm/s 10.0 mm/mV 4 by 2.5 s + 1 rhythm ld
MedGRAPHICS LTD REGULAR25.560

MAC5K 008A 12SLTM v235o



 Interpreting a 12 Lead ECG 11

205

(myoview). There are widespread ischaemic changes (ST segment 
depression) indicating extensive coronary disease.    

   T   w ave  c hanges 

 T wave changes associated with myocardial ischaemia can 
present in a variety of different ways (see Figure  11.14 ): 

   •      Tall T waves  –  in leads V1 – V3 these may be due to posterior wall 
myocardial ischaemia (mirror image of T wave inversion).  

   •      Biphasic T waves  –  particularly seen in the anterior chest leads 
(see Figure  11.15 ).  

   •      Inverted T waves (NB T waves can be inverted in leads III, aVR 
and V1 in normal individuals) (see Figure  11.16 ).  

   •      Flattened T waves. 
  (Channer  &  Morris,  2008 )       

   ECG  CHANGES ASSOCIATED WITH BUNDLE 
BRANCH BLOCK 
  Left  b undle  b ranch  b lock 

 In left bundle branch block, conduction down the left bundle 
branches is blocked. It is most commonly caused by ischaemic 

     Figure 11.14     T changes associated with myocardial ischaemia.  Reprinted from 
Morris F,  et al. ,  ABC of Clinical Electrocardiography , 2nd edn, copyright 2008, with 
permission of Blackwell Publishing.   
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     Figure 11.15     Ischaemic changes: biphasic T waves (V2 – V4) and inverted T waves (I, aVL, V5 and V6).  

III aVF V3 V6

V5V2aVLII

I aVR V1 V4



 
Interpreting a 12 Lead E

C
G

 
1
1

207      Figure 11.16     Ischaemic changes: inverted T waves.  

V1

III

II

I aVR

aVL

aVF

V2

V3 V6

V1 V4

V5

100 Hz 25.0 mm/s 10.0 mm/mV 4 by 2.5 s + 1 rhythm ld
MedGRAPHICS LTD REGULAR25.560

MAC5K 008A 12SLTM v235o



 11 ECGs for Nurses

208

heart disease, hypertensive disease or dilated cardiomyopathy 
(Da Costa  et al. ,  2008 ). It is rare for left bundle branch block to be 
present in the absence of organic disease (Da Costa  et al. ,  2008 ). 
Diagnosis can be made by examining chest leads V1 and V6: 

   •      Septal depolarisation occurs from right to left: small Q wave 
in V1 and an R wave in V6 (the direction of intraventricular 
depolarisation is reversed, the septal waves are lost and are 
replaced with R waves) (Da Costa  et al. ,  2008 ).  

   •      Right ventricular depolarisation fi rst: R wave in V1 and an S 
wave in V6 (often appearing as just a notch).  

   •      Left ventricular depolarisation second: S wave in V1 and 
another R wave in V6.  

   •      Delay in ventricular depolarisation leads to a wide (0.12   s/3 
small squares or more) QRS complex.  

   •      Abnormal depolarisation of the ventricles leads to secondary 
repolarisation changes: ST segment depression together with 
T wave inversion in leads with a dominant R wave; ST segment 
elevation and upright T waves in leads with a dominant S 
wave (i.e. discordance between the QRS complex and ST 
segment and T wave) (Da Costa  et al. ,  2008 ).    

 Left bundle branch block is best viewed in V6: the QRS complex 
is wide and has an M - shaped confi guration. The W - shaped QRS 
appearance in V1 is seldom seen. 

 The ECG in Figure  11.17  displays left bundle branch block. The 
QRS width is prolonged at 0.16   s/4 small squares. The W - shaped 
morphology of the QRS complex in V1 and the M - shaped mor-
phology of the QRS complex in V6 can be seen clearly.    

  Right  b undle  b ranch  b lock 

 In right bundle branch block, conduction down the right bundle 
branch is blocked. Conditions associated with right bundle 
branch block include ischaemic heart disease, pulmonary embo-
lism, rheumatic heart disease and cardiomyopathy (Da Costa 
 et al. ,  2008 ). The diagnosis can be made by examining chest leads 
V1 and V6: 

   •      Septal depolarisation occurs from left to right as normal: small 
R wave in V1 and a small Q wave in V6.  
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     Figure 11.17     Left bundle branch block.  
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   •      Left ventricular depolarisation fi rst: S wave in V1 and an R 
wave in V6.  

   •      Right ventricular depolarisation second: a second R wave in 
V1 and a deep wide S wave in V6.  

   •      Latter part of the QRS complex is abnormal: slurred R and S 
waves in V1 and V6 respectively (Da Costa  et al. ,  2008 ).  

   •      ST segment depression and T wave inversion in the right pre-
cordial leads (Da Costa  et al. ,  2008 ).    

 Right bundle branch block is best viewed in V1: the QRS 
complex is wide (0.12   s/3 small squares or more) and has a char-
acteristic rSR pattern (see Figure  11.18 ).    

  Left  a nterior  f ascicular  b lock 

 In left anterior fascicular block (sometimes termed left anterior 
hemiblock), conduction down the anterior fascicle of the left 
bundle branch is blocked. Depolarisation of the left ventricle is 
via the left posterior fascicle. The cardiac axis therefore rotates in 
an upwards direction resulting in left axis deviation. Left anterior 
fascicular block is characterised by a mean frontal plane axis more 
leftward than 30    °  in the absence of inferior myocardial infarction 
or other cause of left axis deviation (Da Costa  et al. ,  2008 ).  

  Left  p osterior  f ascicular  b lock 

 In left posterior fascicular block (sometimes termed left posterior 
hemiblock), conduction down the posterior fascicle of the left 
bundle branch is blocked. Depolarisation of the left ventricle is 
via the left anterior fascicle. The cardiac axis therefore rotates in 
a downwards direction resulting in right axis deviation. 

 Left posterior fascicular block is characterised by a mean frontal 
plane axis of greater than 90    °  in the absence of another cause of 
right axis deviation (Da Costa  et al. ,  2008 ).  

  Bifascicular  b lock 

 In bifascicular block, there is right bundle branch block and 
blockage of either the left anterior or posterior fascicle (deter-
mined by the presence of left or right axis deviation respectively). 
Right bundle branch block together with left anterior fascicular 
block is the commonest type of bifascicular block (Da Costa  et al. , 
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     Figure 11.18     Right bundle branch block.  
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 2008 ). Bifascicular block is indicative of widespread conduction 
problems. 

 The ECG in Figure  11.19  displays bifascicular block. There is 
right bundle branch block and left anterior fascicular block (left 
axis deviation).    

  Trifascicular  b lock 

 Trifascicular block is when there is bifascicular block and fi rst 
degree AV block (Da Costa  et al. ,  2008 ). Third degree AV block 
will ensue if the other fascicle fails as well.  

   W  olff  -  P  arkinson  -  W  hite   S  yndrome  

 In 1915, Wilson described a patient with frequent attacks of 
rapid heart beat and an electrocardiogram which demonstrated 
a short P - R interval and a wide QRS complex (Wilson,  1915 ); in 
1921, a patient with similar signs and symptoms was described 
by Wedd (Wedd,  1921 ). In 1930, Wolff and his colleagues 
reported a series of 11 patients who also shared similar clinical 
and electrocardiographic fi ndings to those of the patients 
described above (Wolff  et al. ,  1930 ); they were young, healthy 
patients, usually with no underlying heart disease, who were 
prone to paroxysms of recurrent tachycardia and had the com-
bination of a prolonged QRS complex and an abnormally short 
P - R interval. Many reports have followed, establishing this com-
bination and referring to it as the Wolff - Parkinson - White (WPW) 
syndrome. 

 WPW syndrome is a condition where atrial impulses bypass 
the AV junction and activate the ventricular myocardium directly 
via an accessory pathway (bundle of Kent) (Fengler  et al. ,  2007 ). 
More than one accessory pathway is present in 10% of cases 
(Esberger  et al. ,  2008 ). The accessory pathway(s) allows the forma-
tion of a re - entry circuit, which can give rise to either a narrow 
complex or a broad complex tachycardia depending on whether 
the AV junction or the accessory pathway is used for antegrade 
conduction (Esberger  et al. ,  2008 ). 

 WPW syndrome is the commonest cause of an AV re - entrant 
tachycardia (Esberger  et al. ,  2008 ). Thought to be hereditary 
(Vidaillet  et al. ,  1987 ), its incidence is 0.1 – 0.3% of the population 
(Fengler  et al. ,  2007 ).  
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     Figure 11.19     Bifascicular block.  
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  Identifying  ECG   f eatures 

 Characteristic ECG features include short PR interval ( < 0.12   s or 
3 small squares), wide QRS complex ( > 0.12   s or 3 small squares) 
with an initial delta wave and paroxysmal tachycardia (Wolff 
 et al. ,  1930 ). 

 In sinus rhythm the atrial impulse is conducted rapidly down 
to the ventricles via the accessory pathway (it is not subjected to 
the normal delay as would be encountered in the AV node): hence 
the short PR interval. However, once the impulse reaches the 
ventricular myocardium, initially it is conducted (slowly) through 
non - specialised conduction tissue, distorting the early part of the 
R wave producing the characteristic delta wave (Esberger  et al. , 
 2008 ). 

 WPW syndrome has traditionally been classifi ed into two types 
(A and B) according to the ECG morphology in leads V1 and V2 
(Esberger  et al. ,  2008 ; Rosenbaum  et al. ,  1945 ): 

   •       Type A : left - sided pathway resulting in a predominant R wave 
(see Figure  11.20 ) in V1.  

   •       Type B : right - sided pathway resulting in a predominant S or 
QS wave (see Figure  11.21 ) in V1.      

 Algorithms for the localisation of overt accessory pathways, 
which examine the polarity of the QRS complexes, have also been 
proposed (Camm  &  Katritsis,  1996 ), though none are considered 
very reliable (Bennett,  2006 ). If the accessory pathway is capable 
only of retrograde conduction, pre - excitation will not occur during 
sinus rhythm and the ECG will be normal (Esberger  et al. ,  2008 ). 

 The frequency of paroxysmal tachycardia associated with 
WPW syndrome increases with age (Zipes,  1992 ). If atrial fi bril-
lation is present the ventricular response depends on the ante-
grade refractory period of the accessory pathway and may exceed 
300/min resulting in ventricular fi brillation (Sharma  et al. ,  1987 ).  

  Treatment 

 Patients who are symptomatic (experiencing palpitations or 
syncope) should be referred for electrophysiology studies (Davis, 
 1997 ). Catheter ablation, which is usually done at the same time, 
is highly effective in the treatment of WPW syndrome (Tishchenko 
 et al. ,  2008 ). 
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     Figure 11.20     WPW syndrome, type A (predominant R wave in V1 and V2).  
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     Figure 11.21     WPW syndrome, type B (predominant S or QS wave in V1 and V2).  
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 Drugs that block the AV node, e.g. digoxin, verapamil and 
adenosine, are particularly dangerous in WPW syndrome in the 
presence of atrial fi brillation. They decrease the refractoriness of 
the accessory pathways and increase the frequency of conduc-
tion, resulting in a rapid ventricular response which may lead to 
ventricular fi brillation (Esberger  et al. ,  2008 ).   

  CHAPTER SUMMARY 
 The 12 lead ECG is an essential diagnostic tool in the manage-
ment of heart disease. In particular, with the advent of thrombo-
lytic therapy, it plays an important role in the early diagnosis of 
acute myocardial infarction. When interpreting a 12 lead ECG it 
is important to follow a systematic and logical approach.  
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 Management of Peri -

 arrest Arrhythmias     

   INTRODUCTION 
  ‘ Peri ’  originates from the Greek word  peri  meaning about or 
around (Soanes  &  Stevenson,  2006 ). The term peri - arrest arrhy-
thmias is used to describe cardiac arrhythmias that precede 
cardiac arrest or complicate the early post - resuscitation period 
(Colquhoun  &  Vincent,  2004 ). If untreated, they may lead to 
cardiac arrest or potentially avoidable deterioration in the patient 
(Resuscitation Council UK,  2006 ). Ventricular fi brillation is often 
triggered by a tachyarrhythmia. 

 The Resuscitation Council UK provides guidance for the effec-
tive and safe management of bradycardias and tachycardias 
(Resuscitation Council UK,  2006 ). 

 The aim of this chapter is to understand the principles of the 
management of peri - arrest arrhythmias.  

  LEARNING OUTCOMES 
 At the end of the chapter the reader will be able to: 

   ❑      Discuss the principles of the use of the peri - arrest algorithms.  
   ❑      List the adverse clinical signs that may be associated with peri -

 arrest arrhythmias.  
   ❑      Discuss the treatment options.  
   ❑      Outline the management of bradycardia.  
   ❑      Outline the management of tachycardia.  
   ❑      Discuss the procedure for synchronised electrical 

cardioversion.  
   ❑      Discuss the procedure for external pacing.     

12
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  PRINCIPLES OF THE USE OF THE 
PERI - ARREST ALGORITHMS 
 The Resuscitation Council UK ’ s algorithms for the management 
of peri - arrest arrhythmias (see Figures  12.1  and  12.2 ) are designed 
for the non - specialist healthcare professional in order to provide 
effective and safe treatment in the emergency situation (Resusci-
tation Council UK,  2006 ). The following points regarding the use 
of the algorithms require emphasising: 

   •      They are specifi cally designed for the peri - arrest situation and 
are not intended to encompass all clinical situations.  

   •      The arrows indicate progression from one stage of treatment 
to the next, only if the cardiac arrhythmia persists.  

   •      Important variables, which can infl uence the management, 
include the arrhythmia itself, the haemodynamic status of the 
patient, local procedures and local circumstances/facilities.  

   •      Stated drug doses are based on average body weight and may, 
therefore, need adjustment in some situations.  

   •      Anti - arrhythmic strategies can cause cardiac arrhythmias; clin-
ical deterioration may result from the treatment itself rather 
than a consequence of its lack of effect.  

   •      A high dose of a single anti - arrhythmic drug or use of different 
drugs can cause hypotension and myocardial depression.  

   •      Expert help must be summoned early if simple measures are 
ineffective. 

  (Colquhoun  &  Vincent,  2004 )        

  ADVERSE CLINICAL SIGNS ASSOCIATED WITH 
PERI - ARREST ARRHYTHMIAS 
 The treatment for most peri - arrest arrhythmias will be dependent 
upon the presence or absence of certain adverse clinical signs: 

   •       Clinical evidence of low cardiac output : e.g. hypotension, impaired 
consciousness (reduced cerebral perfusion), pallor, cold and 
clammy extremities.  

   •       Excessive tachycardia : (typically    >    150/minute) leads to a 
shortened diastole, which can result in a fall in cardiac output 
and reduced coronary blood fl ow (causing myocardial 
ischaemia).  
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      Figure 12.1     Resuscitation Council UK Bradycardia Algorithm.  Reproduced by kind 
permission from the Resuscitation Council UK.   

Image not available in the electronic edition



 
M

anagem
ent of P

eri-arrest A
rrhythm

ias 
1
2

223       Figure 12.2     Resuscitation Council UK Tachycardia Algorithm.  Reproduced by kind permission from the Resuscita-
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Image not available in the electronic edition
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   •       Excessive bradycardia : usually    <    40/min, though higher rates 
may not be tolerated by some patients.  

   •       Heart failure :  –  pulmonary oedema (left ventricular failure) or 
raised jugular venous pressure and hepatic engorgement (right 
ventricular failure).  

   •       Chest pain : more likely to be associated with a tachyarrhythmia 
than a bradyarrhythmia; suggests myocardial ischaemia. 

  (Resuscitation Council UK,  2006 )      

  MANAGEMENT OF BRADYCARDIA 
 Bradycardia is defi ned as a ventricular rate    <    60 per minute. An 
absolute rate below this level can be easily recognised. However, 
it is also important to identify patients with clinical evidence 
of critically low cardiac output in whom rates    >    60 are inappro-
priately slow; this is termed relative bradycardia (Colquhoun 
 &  Vincent,  2004 ). The Resuscitation Council UK Bradycardia 
Algorithm is detailed in Figure  12.1 ). 

   •      Assess the patient following the ABCDE approach (airway, 
breathing, circulation, disability, exposure).  

   •      Administer high concentration oxygen.  
   •      Commence ECG monitoring and secure IV access; ideally 

record a 12 lead ECG.  
   •      Ascertain whether there are any adverse clinical signs (see Box 

 12.1 ).  
   •      If adverse clinical signs are present (i.e. immediate treatment 

required), administer atropine 500   mcg IV; this may be repeated 
up to a maximum of 3   mg (Resuscitation Council UK,  2006 ).  

   •      If adverse clinical signs are not present or if the administration 
of atropine is effective, subsequent treatment should then be 

Box 12.1  Bradycardia: adverse clinical signs 

    Systolic blood pressure    <    90   mmHg 
 Ventricular rate    <    40/min 
 Ventricular arrhythmias compromising the blood pressure 
 Heart failure 
 Altered conscious level, e.g. drowsiness  
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guided by the presence or absence of risk factors for asystole 
(see Box  12.2 ) (Colquhoun  et al. ,  2004 ).      

 If there has not been a satisfactory response to atropine 500   mcg 
IV or if there is a risk factor for asystole (see Box  12.2 ), the defi ni-
tive treatment is transvenous pacing. While waiting for expert 
help, possible interim measures include: 

   •      Atropine 500   mcg IV repeated at a few minute intervals to a 
maximum of 3   mg (Colquhoun  &  Vincent,  2004 ).  

   •      Transcutaneous or external pacing.  
   •      Adrenaline infusion 2 – 10   mcg/min titrated to response (1   ml of 

1   :   1000 adrenaline in 500   ml of 0.9% normal saline; rate 1 – 5   ml 
per min)  –  usually only used if transcutaneous pacing is not 
immediately available.  

   •      Fist pacing.     

  MANAGEMENT OF TACHYCARDIA 
 The Resuscitation Council UK Tachycardia Algorithm is detailed 
in Figure  12.2 . 

   •      Assess the patient following the ABCDE approach (airway, 
breathing, circulation, disability, exposure).  

   •      Administer high concentration oxygen.  
   •      Commence ECG monitoring and secure IV access; ideally 

record a 12 lead ECG.  
   •      Ascertain whether there are any adverse clinical signs (see Box 

 12.3 ).  
   •      If adverse clinical signs are present (i.e. immediate treatment 

required), perform synchronised electrical cardioversion. If 
this is unsuccessful, administer amiodarone 300   mg IV over 

Box 12.2  Bradycardia: risk factors for asystole 

    Recent asystole 
 Second degree AV block Mobitz II AV block 
 Third degree (complete) AV block, particularly if broad QRS 

complex or if heart rate    <    40 minute 
 Ventricular standstill (pause)    >    3 seconds  
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10 – 20   mins with further synchronised cardioversion if indi-
cated, followed by 900   mg infusion over 24 hours (Resuscita-
tion Council UK,  2006 ).  

   •      If adverse clinical signs are not present, ascertain whether the 
QRS complex is narrow ( < 3 small squares or 0.12   secs) or broad, 
regular or irregular.      

  Regular  n arrow  c omplex  t achycardia 

 It is important to exclude sinus tachycardia which is likely to be 
regular, with a rate    <    140/min and non - paroxysmal, i.e. it does not 
start and end abruptly. The treatment for sinus tachycardia is tar-
geted at identifying and treating the cause (where appropriate). 

   •      If there are no contraindications, try vagal manoeuvres (see 
Box  12.4 ). They are used to stimulate the vagus nerve and 
induce a refl ex slowing of the heart (Smith,  2003 ). They are 
successful in terminating 25% of narrow complex tachycardias 
(Resuscitation Council UK,  2006 ). Caution should be exercised 
regarding the use of vagal manoeuvres. Profound vagal tone 
can induce sudden bradycardia and trigger ventricular fi bril-
lation, particularly in the presence of digitalis toxicity or acute 
cardiac ischaemia (Colquhoun  &  Vincent,  2004 ).  

   •      If vagal manoeuvres fail, and the arrhythmia is not atrial 
fl utter, administer adenosine 6   mg IV (rapid bolus); if there is 
no response, administer adenosine 12   mg IV (rapid bolus). If 
there is no response to this, administer a further 12   mg dose IV 
(Resuscitation Council UK,  2006 ).  

   •      If both vagal manoeuvres and adenosine are unsuccessful, seek 
expert help.  

   •      If the arrhythmia is atrial fl utter, seek expert help.       

Box 12.3  Tachycardia: adverse clinical signs 

    Systolic blood pressure    <    90   mmHg 
 Heart rate    >    150/min 
 Heart failure 
 Altered conscious level, e.g. drowsiness 
 Chest pain  
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  Irregular  n arrow  c omplex  t achycardia 

 An irregular narrow complex tachycardia is likely to be atrial 
fi brillation or, rarely, atrial fl utter with varying AV block; record 
a 12 lead ECG to assist in interpretation (Resuscitation Council 
UK,  2006 ). 

 If there are no adverse signs present, treatment options are: 

   •      Drug therapy to control the ventricular rate, e.g. beta blocker, 
digoxin or diltiazem.  

   •      Drug therapy to control the rhythm (chemical cardioversion).  
   •      Synchronised electrical DC cardioversion to control the rhythm.  
   •      Treatment to prevent complications, e.g. anti - coagulation. 

  (Nolan  et al. ,  2005 )     

 Seek expert help to establish the most appropriate treatment 
for the patient. The longer the time the patient remains in atrial 
fi brillation, the greater the risk of an atrial thrombus developing; 
therefore: 

   •       Duration of atrial fi brillation      >      48 hours : as there is a risk of an 
atrial thrombus being present, the treatment of choice is heart 
rate control with anti - coagulation. Cardioversion should be 
deferred until the patient has been adequately coagulated 
(INR    >    2) for at least four weeks. If early electrical or chemical 
cardioversion is indicated by the patient ’ s clinical state, then 

Box 12.4  Vagal manoeuvres 

     Carotid sinus massage : should not be used in the presence of 
a carotid bruit as atheromatous plaque rupture could embolise 
into the cerebral circulation causing a cerebral vascular acci-
dent; elderly patients are more vulnerable to plaque rupture 
and cerebral vascular complications (Bastuli  &  Orlowski, 
 1985 ; Skinner  &  Vincent,  1997 ). 

  Valsalva manoeuvre : forced expiration against a closed glottis, 
e.g. ask the patient to blow into a 20   ml syringe with enough 
force to push the plunger back (Resuscitation Council UK, 
 2006 ).  
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the risk of stroke has to be balanced with the risk of continued 
atrial fi brillation. Ideally, left left atrial thrombus should be 
excluded with a transoesophageal echocardiogram and the 
patient fully coagulated with heparin.  

   •       Duration of atrial fi brillation     <     48 hours : if rhythm control is 
indicated, chemical cardioversion with amiodarone 300   mg IV 
over 20 – 60   mins, followed by 900   mg IV over 24 hours, is rec-
ommended (synchronised electrical cardioversion remains a 
treatment option in these patients: it is more successful than 
chemical cardioversion at restoring sinus rhythm). 

  (Nolan  et al. ,  2005 )      

  Regular  b road  c omplex  t achycardia 

 A regular broad complex tachycardia is likely to be ventricular 
tachycardia (i.e. ventricular in origin) (Colquhoun  &  Vincent, 
 2004 ); if there are no adverse signs, administer amiodarone 
300   mg IV over 20 – 60   mins, followed by an infusion of 900   mg 
over 24 hours (Resuscitation Council UK,  2006 ). 

 For a regular broad complex tachycardia that is considered to 
be supraventricular tachycardia with bundle branch block (rare), 
follow the protocol for regular narrow complex tachycardia 
described above, i.e. adenosine, etc.  

  Irregular  b road  c omplex  t achycardia 

 Seek expert help. 
 An irregular broad complex tachycardia could be: 

   •       Atrial fi brillation with bundle branch block  (most common cause): 
treat as for atrial fi brillation (irregular narrow complex tachy-
cardia) (see above).  

   •       Atrial fi brillation in the presence of Wolf Parkinson Syndrome  (pre -
 excitation): greater variation in the morphology (shape) and 
width of the QRS complexes compared to atrial fi brillation 
with bundle branch block. Avoid adenosine, digoxin, vera-
pamil and diltiazem as these drugs block the AV junction, 
which can cause an increase in pre - excitation; synchronised 
electrical cardioversion is usually the safest treatment option.  

   •       Polymorphic ventricular tachycardia , e.g. torsades de points: stop 
all medications that can cause a prolonged QT interval, correct 
any electrolyte abnormalities and administer magnesium 
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sulphate 2   mg IV over 10 minutes; overdrive cardiac pacing is 
sometimes required. 

  (Nolan  et al. ,  2005 )       

  SYNCHRONISED ELECTRICAL CARDIOVERSION 
 Synchronised electrical cardioversion is a reliable method of con-
verting a tachyarrhythmia to sinus rhythm (Resuscitation Council 
UK,  2006 ). Due to the associated risks, it is generally only under-
taken when pharmacological intervention has been unsuccessful, 
or if there are adverse signs, e.g. chest pain, hypotension, reduced 
level of consciousness, rapid ventricular rate and dyspnoea 
(Nolan  et al. ,  2005 ). 

  Reducing  t ransthoracic  i mpedance 

 If synchronised electrical cardioversion is to be successful, suffi -
cient electrical current needs to pass through the chest and depo-
larise a critical mass of myocardium. Transthoracic impedance is 
the resistance to the fl ow of current through the chest; the greater 
the resistance, the less the current fl ow. There are several factors 
that can infl uence transthoracic impedance and correct defi bril-
lation technique is essential to minimise their effect and maximise 
current fl ow to the myocardium. 

  Electrode  s ize 
 Generally, the larger the electrodes, the lower the impedance 
(Deakin  et al. ,  1999 ), though excessively large paddles can result 
in decreased current fl ow (Deakin  et al. ,  1999 ). The recommended 
sum of the electrode areas is a minimum of 150   cm 2  (Association 
of Instrumentation,  1993 ). In adult defi brillation, both handheld 
paddle electrodes (see Figure  12.3 ) and self - adhesive pad elec-
trodes (see Figure  12.4 ) 8 – 12   cm in diameter are used and function 
well (Resuscitation Council UK,  2006 ). Paediatric electrodes are 
associated with high impedance and, therefore, should not be 
used in adults when larger paddles are available.    

  Shaving the  c hest 
 Electrode - to - skin contact can be poor if the patient has a hairy 
chest as air can be trapped between the electrode and the skin; 
this can result in increased impedance, reduced defi brillation 
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     Figure 12.3     Handheld paddle electrodes.  

effi cacy and arcing (sparks) causing burns to the patient ’ s chest 
(Deakin  &  Nolan,  2005 ). If necessary, remove excess chest hair 
from the area where the electrodes are going to be placed (Resus-
citation Council UK,  2006 ).  

  Electrode  p addles -  s kin -  i nterface 
 If electrode paddles are used with no electrode - skin - interface, 
there will be high transthoracic impedance. Defi brillation gel 
pads (see Figure  12.5 ) should be used to reduce the impedance 
between the electrode paddles and the skin (they also can help 
prevent skin burns). Defi brillation gel is not recommended as it 
can be messy and any  ‘ stray ’  gel can lead to arcing on the chest 
and reduce the effi cacy of defi brillation (Deakin  &  Nolan,  2005 ).    

  Large  a dhesive  p ad  e lectrodes -  s kin -  i nterface 
 If large adhesive pad electrodes are used, it is important to 
prepare the chest. Ensure the pads are in date, shave the chest if 
necessary (see above) and wipe the skin dry to help ensure good 
contact.  
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     Figure 12.4     Self - adhesive pad electrodes.  

     Figure 12.5     Defi brillation gel pads.  

  Electrode  p addle  f orce 
 If using electrode paddles, they should be pressed fi rmly to the 
chest wall. This will help to reduce impedance by improving 
electrical contact at the electrode - skin - interface and reducing 
thoracic volume. In adults, the optimal electrode paddle force is 
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8   kg and as this can be diffi cult to achieve, it is advisable for the 
strongest members of the cardiac arrest team to undertake this 
role (Deakin  et al. ,  2002 ).  

  Phase of  v entilation 
 Air is a poor conductor of electricity. There is reduced impedance 
when shocks are delivered at the end of full expiration compared 
to inspiration.  

  Electrode  p osition 
 The electrodes should be placed to maximise the current fl ow 
through the myocardium. The most commonly used electrode 
position is one electrode on the anterior chest, just to the right of 
the sternum (not over the sternum) below the right clavicle, the 
other in the mid - axillary line, approximately level with the V6 
ECG electrode position. In women, breast tissue should be 
avoided as this can increase transthoracic impedance. If the apical 
electrode is oblong in shape, there will be reduced impedance if 
it is positioned longitudinally (Deakin  et al. ,  2003 ). The accuracy 
of electrode placement has been questioned and care should be 
taken to ensure correct placement.   

  General  s afety  i ssues 

     •      Remove transdermal medication patches as they can compro-
mise effective electrode contact and could cause arcing and 
burns (Wrenn,  1990 ).  

   •      Avoid direct and indirect contact with the patient. All person-
nel should be well away from the bed and not touching the 
patient or anything attached to the patient/bed, e.g. IV infu-
sion stands, IV infusions. Be wary of wet surroundings.  

   •      Temporarily remove the oxygen delivery device at least one 
metre away from the patient ’ s chest. If the patient has a self -
 infl ating bag connected to a tracheal tube this can be left in 
place or removed (Resuscitation Council UK,  2006 ). If the 
patient is on a ventilator, leave the ventilator tubing connected 
(Deakin  &  Nolan,  2005 ).  

   •      Shout  ‘ stand clear ’  and check all personnel are safely clear 
prior to defi brillation. No person should be touching the 
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patient or anything in contact with the patient, e.g. bed, drip 
stand.  

   •      Check the ECG monitor immediately prior to defi brillation; 
sometimes the ECG can revert to a sinus rhythm.  

   •      Place the electrode paddles or pads 12 to 15   cm away from an 
implanted pacing unit (Resuscitation Council UK,  2006 ) (most 
pacemaker units are below the left clavicle, therefore the stan-
dard defi brillation can be adopted, if below the right clavicle 
the anterior - posterior paddle position may be necessary).  

   •      Minimise the risk of sparks during defi brillation: in theory, 
there is a decreased risk of this when using self - adhesive pad 
electrodes compared to paddle electrodes (Deakin  &  Nolan, 
 2005 ).     

  Safety  i ssues  a ssociated with  e lectrode  p addles 

     •      Ensure defi brillation gel pads are applied to the patient ’ s bare 
chest to minimise the risk of skin burns (and improve 
conduction).  

   •      Apply adequate pressure to the paddles (8   kg) to help minimise 
the risk of arcing (Deakin  et al. ,  2002 ).  

   •      Charge the defi brillator with the electrode paddles on the 
patient ’ s chest. This will avoid moving charged paddles 
between their storage site and the patient ’ s chest.  

   •      If indicated, ask a colleague to increase the energy level on the 
defi brillator (if alone, return one electrode paddle to the defi -
brillator and use the free hand to increase the energy level).     

  Electrode  p ads or  p addles 

 Self - adhesive pad electrodes are safe, effective and preferable to 
paddle electrodes (Stults  et al. ,  1987 ). They enable the operator to 
defi brillate the patient  ‘ hands - free ’  at a distance (electrode paddles 
require the operator to lean over the patient  –  hazardous).  

  Synchronisation with the  R   w ave 

 The shock must be delivered with the R wave and not the T wave 
(Deakin  &  Nolan,  2005 ), as delivery of the shock during the 
refractory period of the cardiac cycle (T wave) could induce ven-
tricular fi brillation (Lown,  1967 ). The defi brillator must therefore 
be synchronised with the patient ’ s electrocardiogram. 
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 In pulseless ventricular tachycardia, synchronisation is not 
required. The defi brillator will not be able to synchronise in 
ventricular fi brillation as there are no recognisable R waves 
(Resuscitation Council UK,  2006 ).  

  Monophasic and  b iphasic  w aveforms 

 For cardioversion of a broad complex tachycardia and atrial fi bril-
lation, an initial 120 – 150 joules (J) biphasic (200   J monophasic) 
shock is recommended. For cardioversion of a regular narrow 
complex tachycardia or atrial fl utter, lower energy levels are 
usually successful. An initial shock at 70 – 120   J biphasic or 100   J 
monophasic is recommended (Resuscitation Council UK,  2005 ).  

  Atrial  fi  brillation and the  r isk of  c erebral  e mbolism 

 Due to the risk of a cerebral or peripheral embolism arising from 
stasis of blood and subsequent thrombosis in the left atrium, a 
patient who has had atrial fi brillation for more than 48 hours 
should normally not receive synchronised electrical cardiover-
sion (see    pages 227 – 8 ) (Resuscitation Council UK,  2006 ).  

  Procedure of  s ynchronised  e lectrical  c ardioversion 

( e lectrode  p addles) 

    (1)     Record a 12 lead ECG, unless the patient is severely compro-
mised and doing so will delay the procedure.  

  (2)     Explain the procedure to the patient. Written informed 
consent should be obtained if possible. If the patient is not 
unconscious, he must be anaesthetised or sedated for the 
procedure (Nolan  et al. ,  2005 ).  

  (3)     If necessary, shave the patient ’ s chest (see above) as this can 
reduce transthoracic impedance (Sado  et al. ,  2004 ).  

  (4)     Ensure the resuscitation equipment is immediately 
available.  

  (5)     Establish ECG monitoring using the defi brillator that will be 
used for cardioversion.  

  (6)     Select an ECG monitoring lead that will provide a clear ECG 
trace, e.g. lead II.  

  (7)     Press the  ‘ synch ’  button on the defi brillator (see Figure  12.6 ). 
The defi brillator should identify each R wave.  
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     Figure 12.6     Electrical cardioversion: activating the synchronised button.  

  (8)     Check the ECG trace to ensure that only the R waves are 
being synchronised (see Figure  12.7 ), i.e. a  ‘ synchronised ’  
dot or arrow should appear on each R wave and nowhere 
else on the PQRST cycle, e.g. on tall T waves.  

  (9)     Apply defi brillation gel pads to the patient ’ s chest, one just 
to the right of the sternum, below the right clavicle, and the 
other in the mid - axillary line, approximately level with the 
V6 ECG electrode or female breast (Deakin  &  Nolan,  2005 ).  

  (10)     Select the appropriate energy level on the defi brillator (see 
above for recommended levels).  

  (11)     Position the defi brillator paddles fi rmly on the defi brillation 
pads.  

  (12)     Charge the defi brillator and shout  ‘ stand clear ’ .  
  (13)     Check all personnel are safely clear prior to defi brillation 

(see Figure  12.8 ). No person should be touching the patient 
or anything in contact with the patient, e.g. bed, drip stand.  

  (14)     Check the ECG monitor to ensure that the patient is still in 
the tachyarrhythmia that requires cardioversion, that the 
synchronised button remains activated and that it is still 
synchronising with the R waves.  
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  (15)     Press both discharge buttons simultaneously to discharge 
the shock. There is usually a slight delay between pressing 
the shock buttons and shock discharge.  

  (16)     Re - assess the ECG trace. The  ‘ synch ’  button will usually 
need to be reactivated if further cardioversion is required 
(on some defi brillators it is necessary to actually switch off 
the  ‘ synch ’  button if further cardioversion is not indicated). 
Stepwise increases in energy will be required if cardiover-
sion needs to be repeated (Deakin  &  Nolan,  2005 ). Amioda-
rone is indicated if three attempts at cardioversion have been 
unsuccessful (Nolan  et al. ,  2005 ).  

  (17)     After successful cardioversion, record a 12 lead ECG.  
  (18)     Monitor the patient ’ s vital signs until they have fully recov-

ered from the anaesthetic or sedative.       

  Procedure for  s ynchronised  e lectrical  c ardioversion 

( l arge  a dhesive  p ad  e lectrodes) 

 If large adhesive pad electrodes are to be used, attach the cable 
from the defi brillator to the pads (hands - free system) and follow 

     Figure 12.7     Electrical cardioversion: check the ECG trace to ensure that only the 
R waves are being synchronised.  
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     Figure 12.8     Electrical cardioversion: check all personnel are safely clear prior to 
delivering the shock.  

the above procedure; defi brillation gel pads and paddles are not 
required.  

  Implantable  c ardioverter  d efi brillator 

 The implantable cardioverter defi brillator (ICD) (see Figure  12.9 ) 
can be used in patients with recurrent life - threatening ventricular 
arrhythmias who have not responded to conventional treatment. 
Its use is associated with improved chances of survival (Resusci-
tation Council UK,  2006 ).   

 The ICD is positioned in a similar position to permanent pace-
makers and can provide over - ride pacing, low - energy synchro-
nised cardioversion, high - energy defi brillation and pacing for 
bradycardia (Causer  &  Connelly,  1998 ). 
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     Figure 12.9     Implantable cardioverter defi brillator (ICD).  

 If a patient with an ICD has a cardiac arrest, standard CPR can 
be carried out without any risks to the team. If the ICD discharges 
it will not be detected by those carrying out the CPR. If external 
defi brillation is indicated, the paddles should be placed 12 – 15   cm 
away from the unit (Resuscitation Council UK,  2006 ).   

  PRINCIPLES OF EXTERNAL PACING 
 Cardiac pacing is the delivery of a small electrical current to the 
heart to stimulate myocardial contraction. External (transcutane-
ous or percussion) pacing can be established quickly and easily 
during CPR. It buys time for the spontaneous recovery of the 
conduction system or for more defi nitive treatment to be estab-
lished, e.g. transvenous pacing. 

  Indications 

     •       Profound bradycardia : e.g. sometimes found in complete heart 
block, that has not responded to pharmacological treatment, 
e.g. atropine. NB If the intrinsic QRS complexes are not 
associated with a pulse (pulseless electrical activity or PEA), 
attempts at pacing will be futile.  
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   •       Ventricular standstill : P waves (atrial contraction) only on the 
ECG.    

 NB Although pacing is not indicated in asystole, always check 
the ECG carefully for the presence of P waves (ventricular stand-
still) as this may respond to pacing (Nolan  et al. ,  2005 ).  

  Advantages of  t rancutaneous  p acing 

     •      Can be quickly established.  
   •      Easy to undertake, requiring minimal training.  
   •      Risks associated with central venous cannulation are avoided.  
   •      Can be undertaken by nurses. 

  (Resuscitation Council UK,  2006 )      

  Procedure for  t ranscutaneous  p acing 

     •      If appropriate, explain the procedure to the patient.  
   •      Ideally, fi rst remove excess chest hair from the pacing electrode 

sites by clipping close to the patient ’ s skin using a pair of scis-
sors (shaving the skin is not recommended as any nicks in the 
skin can lead to burns and pain during pacing) (Resuscitation 
Council UK,  2006 ).  

   •      Attach the pacing electrodes following the manufacturer ’ s 
instructions.  

   •      Pacing - only electrodes: attach the anterior electrode on the left 
anterior chest, midway between the xiphoid process and the 
left nipple (V2 – V3 ECG electrode position) and attach the pos-
terior electrode below the left scapula, lateral to the spine and 
at the same level as the anterior electrode  –  this anterior/pos-
terior confi guration will ensure that the position of the elec-
trodes does not interfere with defi brillation (Resuscitation 
Council UK,  2006 ). ECG monitoring will usually need to be 
established if an older pacing system is used (Resuscitation 
Council UK,  2006 ).  

   •      Multifunctional electrodes (pacing and defi brillation): place 
the anterior electrode below the right clavicle and the lateral 
electrode in the mid - axillary line lateral to the left nipple (V6 
ECG electrode position)  –  this anterior - lateral position is con-
venient during CPR as chest compressions do not have to be 
interrupted (Resuscitation Council UK,  2006 ).  
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   •      Check that the pacing electrodes and connecting cables are 
applied following the manufacturer ’ s recommendations: if 
they are reversed pacing may either be ineffective or high 
capture thresholds may be required (Resuscitation Council 
UK,  2006 ).  

   •      Adjust the ECG gain (size) accordingly. This will help ensure 
that the intrinsic QRS complexes are sensed.  

   •      Select on - demand mode on the pacing unit on the defi brillator. 
This results in pacing only in the absence of intrinsic electrical 
activity.  

   •      Select an appropriate rate for external pacing, usually 60 – 90 
per minute.  

   •      Set the pacing current at the lowest level, turn on the pace-
maker unit and while observing both the patient and the ECG, 
gradually increase the current until electrical capture occurs 
(QRS complexes following the pacing spike). Electrical capture 
usually occurs when the current delivered is in the range of 
50 – 100   mA (Resuscitation Council UK,  2006 ).  

   •      Check the patient ’ s pulse. If he has a palpable pulse (mechani-
cal capture), request expert help and prepare for transvenous 
pacing. If there is no pulse, start CPR. If there is good electrical 
capture, but no mechanical capture, this is indicative of a non -
 viable myocardium (Resuscitation Council UK,  2006 ). NB there 
is no electrical hazard if in contact with the patient during 
pacing (Resuscitation Council UK,  2006 ).     

  Cautions 

     •      If the patient is conscious, analgesia and sedation will usually 
be required.  

   •      If pacing - only electrodes have been applied and defi brillation 
is subsequently indicated, position the defi brillation paddles 
least 2 – 3   cm away from the pacing electrodes to avoid arching.  

   •      Turn off pacemaker unit during CPR to prevent inappropriate 
stimulation of the patient (Resuscitation Council UK,  2006 ).     

  Percussion  p acing 

 Percussion pacing can result in a cardiac output with minimal 
trauma to the patient. It is likely to be successful when there is 
ventricular standstill (P waves, but no QRS complexes). 
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 It involves the delivery of gentle blows (from a height of only 
a few inches above the chest) over the precordium lateral to the 
lower left sternal edge (Resuscitation Council UK,  2006 ). Trial and 
error will determine the optimum place for percussion. Assess 
the patient ’ s pulse to ensure the effectiveness of the percussion 
pacing.   

  CHAPTER SUMMARY 
 A successful strategy, to reduce the mortality and morbidity of 
cardiac arrest, must include the effective management of peri -
 arrest arrhythmias. In this chapter the Resuscitation Council UK 
guidelines for the management of bradycardias and tachycardias 
have been outlined. Always seek expert help when necessary.  
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 Record Keeping     

   INTRODUCTION 
 Good record keeping is a fundamental part of the nursing (NMC, 
 2005; 2008 ). An accurate written record detailing relevant infor-
mation concerning ECG monitoring and the recording of 12 lead 
ECGs is important, not only because it forms an integral part of 
the nursing management of the patient, but also because it can 
help to protect the nurse if defence of her action is required. The 
Clinical Negligence Scheme for Trusts (CNST) also requires its 
members to maintain high standards of record keeping (Dimond, 
 2005 ). 

 The aim of this chapter is to understand the principles of good 
record keeping.  

  LEARNING OUTCOMES 
 At the end of the chapter the reader will be able to: 

   ❑      Discuss the importance of good record keeping.  
   ❑      List the common defi ciencies of record keeping.  
   ❑      Outline the principles of good record keeping.  
   ❑      State what should be documented on a 12 lead ECG and on an 

ECG rhythm strip.  
   ❑      Outline the importance of auditing records.  
   ❑      Discuss the legal issues associated with record keeping.     

  IMPORTANCE OF GOOD RECORD KEEPING 

    Record keeping is an integral part of nursing, midwifery and health 
visiting practice. It is a tool of professional practice and one that 
should help the care process. It is not separate from this process and 
it is not an optional extra to be fi tted in if circumstances allow . 

  (NMC,  2005 ).    

13
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 Good record keeping will help to protect the welfare of both 
the patient and practitioner by promoting: 

   •      High standards of clinical care.  
   •      Continuity of care.  
   •      Better communication and dissemination of information 

between members of the inter - professional healthcare team.  
   •      The ability to detect problems, such as changes in the patient ’ s 

condition at an early stage.  
   •      An accurate account of treatment and care planning and 

delivery.    

 The quality of record keeping is also a refl ection on the stan-
dard of nursing practice: good record keeping is an indication 
that the practitioner is professional and skilled, while poor record 
keeping often highlights wider problems with the individual ’ s 
practice (NMC,  2005 ).  

  COMMON DEFICIENCIES IN RECORD KEEPING 
 Nearly every report published by the Health Service Com-
missioner (Health Service Ombudsman) following a complaint 
identifi es examples of poor record keeping that has either ham-
pered the care the patient has received or has made it diffi cult 
for healthcare professionals to defend their practice (Dimond, 
 2005 ). 

 Common defi ciencies in record keeping encountered include: 

   •      Absence of clarity.  
   •      Failure to record action taken when a problem has been 

identifi ed.  
   •      Missing information.  
   •      Spelling mistakes.  
   •      Inaccurate records. 

  (Dimond,  2005 )      

  PRINCIPLES OF GOOD RECORD KEEPING 
 There are a number of factors that underpin good record keeping. 
The patient ’ s records should: 

   •      Be factual, consistent and accurate.  
   •      Be updated as soon as possible after any recordable event.  
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   •      Provide current information on the care and condition of the 
patient.  

   •      Be documented clearly and in such a way that the text cannot 
be erased.  

   •      Be consecutive and accurately dated, timed and signed (includ-
ing a printed signature).  

   •      Have any alterations and additions dated, timed and signed; 
all original entries should be clearly legible.  

   •      Not include abbreviations, jargon, meaningless phrases, irrel-
evant speculation and offensive subjective statements.  

   •      Still be legible if photocopied.  
   •      Identify any problems identifi ed and most importantly the 

action taken to rectify them.    

  Best practice  –  record keeping 

 Records must be: 

   •      Factual.  
   •      Legible.  
   •      Clear.  
   •      Concise.  
   •      Accurate.  
   •      Signed.  
   •      Timed.  
   •      Dated. 

  (Drew  et al.,   2000 )       

  WHAT SHOULD BE DOCUMENTED ON A 12 LEAD  ECG  
AND ON AN  ECG  RHYTHM STRIP 
 It is important to record all the necessary information docu-
mented on the 12 lead ECG. In most situations this will be done 
electronically. However, the nurse should check that the follow-
ing have been recorded: 

   •      Patient ’ s personal details, e.g. name, unit number, date of birth.  
   •      Date and time of recording, together with any relevant infor-

mation, e.g. if the patient was complaining of chest pain during 
the recording, post - thrombolysis.  

   •      The leads (limb and chest) are correctly labelled.  
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   •      If there are changes to the standard recording, e.g. right - sided 
chest leads, paper speed of 50   mm/s.  

   •      The ECG is stored in the appropriate place in the patient ’ s 
notes, in chronological order with other ECGs.    

 ECG rhythm strips will also need to be correctly labelled and 
fi led in the patient ’ s notes in a chronological order. It is also 
important to ensure that an accurate record is made in the 
patient ’ s notes. In particular, it is important to include interven-
tions and any response to the interventions.  

  IMPORTANCE OF AUDITING RECORDS 
 Audit can play an important role in ensuring quality of health 
care. In particular, it can help to improve the process of record 
keeping. By auditing records the standard can be evaluated and 
any areas for improvement and staff development identifi ed. 
Audit tools should be developed at a local level to monitor the 
standards of record keeping. 

 Audit should primarily be aimed at serving the interests of the 
patient rather than the organisation (NMC,  2005 ). A system of 
peer review may also be of value. Whatever audit system is used, 
the confi dentiality of patients ’  information applies to audit just 
as it does to record keeping.  

  LEGAL ISSUES ASSOCIATED WITH RECORD KEEPING 
 The patient ’ s records are occasionally required as evidence before 
a court of law, by the Health Service Commissioner or in order 
to investigate a complaint at a local level. Sometimes, they may 
be requested by the NMC ’ s Fitness to Practice committees when 
investigating complaints related to misconduct. Care plans, 
diaries and anything that makes reference to the patient ’ s care 
may be required as evidence (NMC,  2005 ). 

 What constitutes a legal document is often a cause for concern. 
Any document requested by the court becomes a legal document 
(Dimond,  1994 ), e.g. 12 lead ECG recording, nursing records, 
medical records, X - rays, laboratory reports, observation charts; in 
fact, any document which may be relevant to the case. 

 If any of the documents are missing, the writer of the 
records may be cross - examined as to the circumstances of their 
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disappearance (Dimond,  1994 ).  ‘ Medical records are not proof of 
the truth of the facts stated in them but the maker of the records 
may be called to give evidence as to the truth as to what is con-
tained in them ’  (Dimond,  1994 ). 

 The approach to record keeping which courts of law adopt 
tends to be that if it is not recorded, it has not been undertaken 
(NMC,  2005 ). Professional judgement is required when deciding 
what is relevant and what needs to be recorded, particularly if 
the patient ’ s clinical condition is apparently unchanging and no 
record has been made of the care that has been delivered. 

 A registered nurse has both a professional and a legal duty of 
care. Consequently, when keeping records it is important to be 
able to demonstrate that: 

   •      A comprehensive nursing assessment of the patient has been 
undertaken including care that has been planned and 
provided.  

   •      Relevant information is included together with any measures 
that have been taken in response to changes in the patient ’ s 
condition.  

   •      The duty of care owed to the patient has been honoured and 
that no acts or omissions have compromised the patient ’ s 
safety.  

   •      Arrangements have been made for ongoing care of the patient.    

 The registered nurse is also accountable for any delegation of 
record keeping to members of the multi - professional team who are 
not registered practitioners. For example, if record keeping is del-
egated to a pre - registration student nurse or a healthcare assistant, 
competence to perform the task must be ensured and adequate 
supervision provided. All such entries must be countersigned. 

 The Access to Health Records Act 1990 gives patients the right 
of access to their manually maintained health records which were 
made after 1 November 1991. The Data Protection Act 1998 gives 
patients the right to access their computer - held records. The 
Freedom of Information Act 2000 grants the rights to anyone to 
all information that is not covered by the Data Protection Act 1998 
(NMC,  2005 ). 

 Sometimes, it is necessary to withhold information, if it could 
affect the physical or mental well - being of the patient or if it 
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would breach another patient ’ s confi dentiality (NMC,  2005 ). If 
the decision to withhold information is made, justifi cation for 
doing so must be clearly recorded in the patient ’ s notes.  

  CONCLUSION  
 When undertaking ECG monitoring or recording a 12 lead ECG, 
it is important to ensure good record keeping. Good record 
keeping is both the product of good teamwork and an important 
tool in promoting high quality health care.  
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   12 LEAD  ECG  S  FOR INTERPRETATION 

  ECG 1  displays junctional tachycardia with associated widespread ST depression suggestive of myocardial ischaemia. 
This patient was complaining of chest pain and palpitations. Following the administration of adenosine, the ECG reverted 
to sinus rhythm (see Figure  11.16 ). However, ST depression is still evident in the lateral leads (V4, V5 and V6). This patient 
required further investigations for the presence of ischaemic heart disease and left ventricular hypertrophy.    
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  ECG 2  displays the characteristic ECG changes associated with inferolateral myocardial infarction with probable 
posterior involvement as well. There is ST elevation in leads II, III, aVF, V4, V5 and V6 (inferolateral). Tall R 
waves and reciprocal changes in V2 and V3 are suggestive of posterior involvement as well. There is also sinus 
bradycardia which commonly accompanies inferior myocardial infarction. Following the administration of 
diamorphine the ST elevation on the cardiac monitor settled. A repeat ECG (see Figure  11.18 ) was recorded, 
which showed that the ST elevation had resolved. The diagnosis is probably Prinzmetal angina caused by tran-
sient coronary artery spasm.    
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  ECG 3  displays atrial tachycardia with 2   :   1 AV block. The P waves are clearly visible in leads I, II and aVL. There 
are also pathological Q waves in leads II, III and aVF suggestive of an old inferior myocardial infarction.    
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  ECG 4  displays atrial fl utter with 3   :   1 AV block. The fl utter waves are easily recognised in the inferior leads (II, III and 
aVF).    
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  ECG 5  displays atrial fl utter with 2   :   1 AV block resulting in a rapid ventricular response (approximately 160/min). The 
fl utter waves can be identifi ed in lead aVR. The rate of the fl utter waves is approximately 300/min, a distinguishable 
feature of atrial fl utter. The atrial rate is too fast for atrial tachycardia.    
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  ECG 6  displays junctional tachycardia. The narrow QRS complex is indicative of a supraventricular arrhythmia. 
Retrograde conducted P waves, a characteristic feature of a junctional arrhythmia, can clearly be identifi ed in leads V1 – V3. 
Additional anterior Q waves with minor ST elevation is also present.    
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  ECG 7  displays ventricular tachycardia rate approximately 220/min. The QRS complexes are wide 
( > 0.12   s/3 small squares) and there is AV dissociation (P waves are clearly visible in the rhythm strip 
(calibration changed to help their identifi cation). In addition, there is right axis deviation (if the tachy-
cardia was supraventricular in origin with left bundle branch block, then left axis deviation would be 
expected).    
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  ECG 8  displays ventricular tachycardia. This is indicated by a wide QRS complex (0.14 s/3.5 small squares), the presence 
of AV dissociation and the extreme left axis deviation with a positive aVR.    
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  ECG 9  displays a broad complex tachycardia caused by a junctional tachycardia with aberration. There 
is borderline left bundle branch block pattern with a normal axis. No identifi able P waves.    
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  ECG 10  displays left ventricular hypertrophy (LVH). Chest leads facing the left ventricle (V5 and V6) display abnormally 
tall R waves ( > 25   mm) and inverted T waves. The chest lead facing the right ventricle (V1) displays an abnormally deep 
S wave (25   mm). LVH is often associated with lateral ST depression and T wave inversion, referred to as a strain pattern.    
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  ECG 11  displays ECG changes associated with hypokalaemia. On close inspection, U waves can be identifi ed in V2 and 
V3, which is characteristic of hypokalaemia. This patient ’ s serum potassium was 2.6   mmol/litre. Additional features 
include fl attening of T waves, ST depression and QT interval prolongation.    

U
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  ECG 12  displays ventricular tachycardia. Recorded in a 44 - year - old lady who was undergoing an exercise test, it was 
self - terminating and no treatment was required. She had originally presented with a history of dizzy spells while under-
taking housework. An echocardiogram and angiography were normal. Diagnosis was exercise - induced ventricular tachy-
cardia. She was started on a beta blocker.    
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  ECG 13  displays anteroseptal myocardial infarction. It was recorded in a 72 - year - old man on a ventilator on ITU four 
days post infarction and cardiac arrest (ventricular tachycardia) while walking around town. He received thrombolysis 
in A  &  E. The ECG shows persistent ST elevation. It is an abnormally low voltage ECG, which may accompany a very 
large myocardial infarction. Other causes include obesity, COPD and pericardial or pleural effusion.    
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  ECG 15  displays marked fi rst degree AV block (PR interval 250   ms). It was recorded in a 24 - year - old lady admitted with 
a pyrexia and non - blanching rash. She was subsequently diagnosed with aortic valve endocarditis. She had developed 
an aortic root abscess which encroached on the bundle of His, causing fi rst degree AV block.    
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  ECG 16  displays ventricular pacing (permanent pacemaker). This gives a characteristic broad complex with left bundle 
branch morphology which follows a pacing spike.    
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  ECG 17  displays ventricular tachycardia. The ECG was recorded in an 85 -  year - old man who had been admitted to the 
acute stroke unit. He was breathless and pale.    

III

II

II

I aVR

aVL

aVF

V2

V3 V6

V1 V4

V5

LOC 00000 – 0000 Speed: 25 mm/sec Limb: 10 mm/mV Chest: 10 mm/mV F  50~   0.5 – 150 Hz  W HP708 01739



 
A

ppendix 
 

267

  ECG 18  displays junctional tachycardia. It was recorded in a 77 - year - old lady who was receiving IV chemotherapy. She 
was complaining of palpitations and chest tightness. There are widespread ischaemic changes (ST depression) on the ECG 
(adverse sign) and the cardiologist was asked to review the patient.    
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  ECG 19  displays acute inferior/posterior myocardial infarction. The ventricular rhythm is irregular due to underlying 
atrial fi brillation.    
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  ECG 20  displays extensive acute anterior lateral ST elevation myocardial infarction.    
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  ECG 21  displays inferolateral ischaemic changes. The rhythm is second degree AV block Mobitz type 1 (Wenckeback).    
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  ECG 22  displays atrial fl utter 2   :   1 AV block (fl utter F waves visible in V1). There are associated ischaemic changes in the 
anterolateral leads.    
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  ECG 23  displays profound sinus arrhythmia. It was recorded in a patient who was hyperventilating.    
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  ECG 24  displays acute inferior myocardial infarction. Right - sided chest leads were recorded. There is ST elevation in 
RV4 – RV6 indicating right ventricular infarction.    
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  ECG 25  displays extensive acute inferolateral and posterior myocardial infarction. Lateral (V4 – V6) and posterior (V7 – V9) 
chest wall leads indicate lateral and posterior myocardial involvement respectively.    
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  ECG 26  displays bi - fascicular block: right bundle branch block and left posterior fascicular block (right axis deviation).    
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  ECG 27  displays third degree (complete) AV block. It was recorded in an 82 - year - old lady who had been admitted with a 
history of falls and blackouts for the last four weeks, query cause. She was not haemodynamically compromised; her blood 
pressure was 166/58. She was reviewed by the cardiologist; she remained on an ECG monitor and a permanent pacemaker 
was arranged. It is important to note the characteristics of the ventricular escape rhythm (see chapter 7).    
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  ECG 28  displays second degree AV block Mobitz type 2. This ECG was recorded in a 44 - year - old lady undergoing an 
adenosine street test (Myoview). One minute following the start of the adenosine infusion, the patient developed fi rst 
degree AV block (prolonged PR interval) and then second degree AV block Mobitz type 2. She was feeling lightheaded. 
The adenosine infusion was immediately stopped and discontinued. She reverted back to sinus rhythm within two 
minutes. In this case the AV conduction disturbances were caused by the adenosine.    
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  ECG 29  displays Wolff - Parkinson - White syndrome type A: left - sided pathway resulting in a predominant R wave. In 
lead V1, note the short PR interval and delta wave indicating pre - excitation of the ventricles.    
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  ECG 30  displays hyper - acute inferior myocardial infarction (peaked T waves in II, III and aVF). There is also tri - fascicular 
block: right bundle branch block, left posterior fascicle block and fi rst degree AV block with a prolonged PR interval).    
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  ECG 31  displays hyperacute inferior ST elevation myocardial infarction. Reciprocal changes can be seen in the lateral 
leads (I and aVL).    
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  ECG 32  displays atrial fi brillation with a fast ventricular rate with aberrant conduction.    
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  ECG 33  displays third degree AV block. There is complete AV dissociation.    
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depression/T wave changes) are present in the inferolateral leads.    
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  ECG 35  displays acute anterior myocardial infarction. ST elevation is clearly seen in leads 1, aVL, V1 – V4; the peaked T 
waves in V5 – V6 suggest that ST elevation will develop in these leads as well. Note the reciprocal changes in the inferior 
leads (ECG recorded in the pre - hospital setting and reproduced with kind permission from Mark Whitbread, London 
Ambulance Service).    
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  ECG 36  displays acute inferior/posterior myocardial infarction. ST elevation is clearly seen in leads II, III and aVF. The 
patient was complaining of central crushing chest pain; his blood pressure was 59/42 and his pulse was 30/min. The 
ECG shows third degree AV block with a slow ventricular response (30/min) (ECG recorded in the pre - hospital setting 
and reproduced with kind permission from Mark Whitbread, London Ambulance Service).            
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defi nition, 164–5
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identifying ECG features, 99
treatment, 99

AV junctional escape rhythm, 101–4
defi nition, 101
causes, 101
ECG examples, 103, 106
effects on the patient, 102
identifying ECG features, 101–2
treatment, 102

AV junctional tachycardia, 104–111
defi nition, 104–5
causes, 105
ECG examples, 106, 108, 110–111, 

250, 255, 258, 267, 283
effects on the patient, 105
identifying ECG features, 105
treatment, 105

axis deviation, 191, 210

Bachman’s bundle, 5
bifascicular bock, 210–13, 275
bradycardia, management of, 222, 

224–5
broad complex tachycardia, irregular, 

treatment of, 223, 228–9
broad complex tachycardia, regular, 

treatment of, 223, 228
bundle of His, 4, 6, 13

calibration, of ECG, 177
capture beat, 127
cardiac arrhythmia, defi nition of, 40
cardiac arrhythmias, 40–50

classifi cation of, 43–4
ECG interpretation of, 44–9
mechanisms of, 40–3

cardiac monitor, features of, 17–18
complete AV block – see third degree 

AV block
conduction system, 1, 4
coronary artery, 5
coronary care units, history of, 12

depolarisation, 1, 2, 3, 13

EASI 12 lead ECG monitoring, 23–5
ECG, invention of, 11

ECG, relation to cardiac contraction, 
12–13

ECG electrodes, 18, 20, 27–8
ECG gain, 18–19
ECG monitoring, 10–40

indications for, 13, 15–17
infection control, 29
problems associated with, 31–5
procedure to establish, 25–9,

ECG waveform, confi guration of, 178–9
ectopic, defi nition of, 72
Einthoven’s triangle, 177
Einthoven, Willem, 11
electrical axis, 189–191
electrocardiogram, 10
electrocardiography, 10
exercise stress testing, 35–6
external pacing, 238–41

advantages, 239
cautions, 240
indications, 238–9
percussion pacing, 240
procedure, 239–40

fi rst degree AV block, 135
defi nition, 135–6
causes, 136
ECG examples, 138, 264
effects on the patient, 136
identifying ECG features, 136
treatment, 136

fusion beat, 127

hypokalaemia, 260

idioventricular rhythm, 4, 123
defi nition, 123
causes, 123
ECG example, 125
effects on the patient, 123
identifying ECG features, 123
treatment, 123–4

implantable cardioverter defi brillator, 
237–8

left anterior fascicular block, 191, 210
left axis deviation, 191, 210
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left bundle branch, 6, 191, 205, 208–9
left posterior fascicular block, 191, 210
left ventricular hypertrophy, 259

Mason-Likar 12 lead ECG system, 22–3
MCL1, 25
mid-septal fascicle, 6
myocardial infarction, ECG changes, 

191–7
Q waves, 193–5, 252
reciprocal changes, 195
ST segment changes, 192–4
T wave changes, 192–4

myocardial infarction
anterolateral, 194, 197, 251, 269
anteroseptal, 194, 197, 201–2, 262, 

284
inferior, 194, 196–9, 251, 252, 268, 

273, 274, 279, 280, 285
lateral, 194, 197, 251, 274
posterior, 195, 197, 200, 251, 268, 274, 

285
myocardial ischaemia, 15, 197, 203–7, 

270, 271, 283

narrow complex tachycardia, irregular, 
treatment of, 222, 227–8

narrow complex tachycardia, regular, 
treatment of, 222, 226–7

nodal artery, 5

P waves, 11–12, 183–4
pacemaker, permanent, 265
parasympathetic nervous system, 7
peri-arrest arrhythmias, 220–241

algorithms, use of, 221
adverse signs, associated with, 221–4

posterior fascicle, 6
PQRST, 11
PR interval, 13, 184–5
pulseless electrical activity, 164

defi nition, 164
causes, 164
effects on the patient, 164
identifying ECG features, 164
treatment, 164

Purkinje fi bres, 4, 7, 13,

Q waves, 187, 193, 195, 197
QRS complex, 186–7
QRS rate, 185
QRS rhythm, 185
QT interval, 188–9
QT interval, prolongation of, 13, 16

record keeping, 243–5
audit of, 246
common defi ciencies of, 244
importance of, 243–4
legal issues, 246–8
principles of, 244–5

repolarisation, 1, 2, 3, 13
resting potential, 2
right axis deviation, 191, 210
right bundle branch block, 191, 208, 

210–211, 213
right ventricular myocardial infarction, 

194

SA node 1, 4, 5, 7, 13
SA block, 64

defi nition, 64
causes, 65
ECG examples, 66
effects on the patient, 65
identifying ECG features, 65
treatment, 65

second degree AV block Mobitz type 
1, 137–44

defi nition, 137, 139
causes, 139
ECG examples, 141, 143
effects on the patient, 140
identifying ECG features, 139–140
treatment, 140

second degree AV block Mobitz type 
2, 144–7

defi nition, 144
causes, 144
ECG examples, 143, 146, 277
effects on the patient, 145
identifying ECG features, 144
treatment, 145

sick sinus syndrome, 68–9
defi nition, 68
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causes, 68–9
ECG examples, 69
effects on the patient, 69
identifying ECG features, 69
treatment, 69

sinus arrest, 67
defi nition, 67
causes, 67
ECG examples, 69
effects on the patient, 67–8
identifying ECG features, 67
treatment, 68

sinus arrhythmia, 61
defi nition, 61
causes, 61
ECG examples, 62, 66, 272
effects on the patient, 63
identifying ECG features, 61
treatment, 63

sinus bradycardia, 55
defi nition, 55–8
causes, 57
ECG examples, 56, 60
effects on the patient, 57–8
identifying ECG features, 56
treatment, 58

sinus node (see SA node)
sinus rhythm, 13–14
sinus tachycardia, 50–5

defi nition, 50
causes, 51
ECG examples, 54
effects on the patient, 51–2
identifying ECG features, 51
treatment, 52

ST segment, 188
ST segment depression, 203–5, 250
ST segment elevation, 192–3, 195, 

251
sympathetic nervous system, 7
synchronised electrical cardioversion, 

229–37
procedure, large adhesive pads, 

236–7
procedure, paddles, 234–6
reducing transthoracic impedance, 

229–232

safety issues, 232–3
synchronisation with R wave, 233–4

T waves, 11, 13, 188, 192–3, 197, 205
T wave inversion, 203, 206–7
tachycardia, management of, 223, 

225–9
telemetry, 29
third degree AV block, 147–53

defi nition, 147
causes, 147–8
ECG examples, 150, 152, 276, 282, 

285
effects on the patient, 149
identifying ECG features, 148–9
treatment, 149

Torsades de pointes, 131–3
defi nition, 131
causes, 131
ECG example, 133
effects on the patient, 132
identifying ECG features, 131–2
treatment, 132

Trifascicular block, 212, 279
twelve lead ECG, 245–6
twelve lead ECG, interpretation of, 

182–218
twelve lead ECG, recording of, 169–180

alternative chest lead placements, 
174

calibration, 176
chest leads, position of, 174
indications, 169–170
labelling, 175
procedure, 170–4
posterior, 174
right sided, 174
standardisation of, 175–6
what it records, 176–180

U wave, 11, 189, 260

vagal manoeuvres, 226–7
vagus nerve, 7
ventricular arrhythmias, causes of, 114
ventricular ectopics, 115–121

defi nition, 115
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causes, 115
ECG examples, 118, 120
effects on the patient, 116
identifying ECG features, 116
treatment, 116–7

ventricular escape beats, 121
defi nition, 121–2
causes, 121
effects on the patient, 122
identifying ECG features, 122
treatment, 122

ventricular fi brillation, 155–9
defi nition, 156
causes, 156
ECG example, 160
effects on the patient, 157
identifying ECG features, 157
treatment, 157–8

ventricular standstill, 161–3
defi nition, 161
causes, 161–2
ECG examples, 163
effects on the patient, 162

identifying ECG features, 162
treatment, 162

ventricular tachycardia, 126–31
defi nition, 126–7
causes, 126–7
ECG examples, 130, 256, 257, 260, 

266,
effects on the patient, 128
identifying ECG features, 127–8
treatment, 128

Waller, Augustus, 11
wandering atrial pacemaker, 64

defi nition, 64
causes, 64
effects on the patient, 64
identifying ECG features, 64
treatment, 64

Wenckeback phenomenon – see 
second degree AV block Mobitz 
type 1

Wolff-Parkinson-White syndrome, 48, 
212, 213–7, 278
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