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KEY TO EVIDENCE STATEMENTS AND GRADES OF RECOMMENDATIONS
LEVELS OF EVIDENCE
1++

High quality meta-analyses, systematic reviews of randomised controlled trials 		
(RCTs), or RCTs with a very low risk of bias

1+

Well conducted meta-analyses, systematic reviews of RCTs, or RCTs with a low
risk of bias

1-

Meta-analyses, systematic reviews of RCTs, or RCTs with a high risk of bias

2

High quality systematic reviews of case control or cohort studies
High quality case control or cohort studies with a very low risk of confounding or 		
bias and a high probability that the relationship is causal

++

2+

Well conducted case control or cohort studies with a low risk of confounding or 		
bias and a moderate probability that the relationship is causal

2-

Case control or cohort studies with a high risk of confounding or bias
and a significant risk that the relationship is not causal

3

Non-analytic studies, eg case reports, case series

4

Expert opinion

GRADES OF RECOMMENDATION
Note: The grade of recommendation relates to the strength of the evidence on which the
recommendation is based. It does not reflect the clinical importance of the recommendation.
A

At least one meta-analysis, systematic review of RCTs, or RCT rated as 1++
and directly applicable to the target population; or
A body of evidence consisting principally of studies rated as 1+, directly applicable 		
to the target population, and demonstrating overall consistency of results

B

A body of evidence including studies rated as 2++, directly applicable to the target 		
population, and demonstrating overall consistency of results; or
Extrapolated evidence from studies rated as 1++ or 1+

C

A body of evidence including studies rated as 2+, directly applicable to the target 		
population and demonstrating overall consistency of results; or
Extrapolated evidence from studies rated as 2++

D

Evidence level 3 or 4; or
Extrapolated evidence from studies rated as 2+

Good practice points


Recommended best practice based on the clinical experience of the guideline 		
development group.
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1 INTRODUCTION

1

Introduction

1.1	remit of the guideline
This guideline provides evidence based recommendations for the management of cardiac arrest
and the arrhythmias associated with acute coronary syndromes, chronic coronary heart disease
and cardiac surgery. It excludes arrhythmias not associated with coronary heart disease such as
supraventricular tachycardias associated with accessory pathways or dual atrioventricular (AV)
nodal physiology, arrhythmias caused by inherited ion channel disorders (eg long QT syndrome,
Brugada syndrome) and arrhythmias associated with non-ischaemic cardiomyopathies. The
evidence base in some areas (eg management of cardiac arrest and atrial fibrillation) does not
accurately distinguish between patients whose arrhythmia has an ischaemic or non-ischaemic
aetiology but wherever possible, the recommendations made are specific to coronary heart
disease.
The rhythm management of atrial fibrillation (AF), a common manifestation of acute and chronic
coronary heart disease, is outlined in this guideline.
Recommendations on antithrombotic prophylaxis for atrial fibrillation are contained in SIGN
guideline 36 antithrombotic therapy.1
1.1.1	

patient version
A patient version of this guideline is available from the SIGN website, www.sign.ac.uk

1.1.2	additional advice to nhsscotland from NHS quality improvement
scotland and the scottish medicines consortium
NHS QIS processes multiple technology appraisals (MTAs) for NHSScotland that have been
produced by the National Institute for Health and Clinical Excellence (NICE) in England and
Wales. The Scottish Medicines Consortium (SMC) provides advice to NHS Boards and their
Area Drug and Therapeutics Committees about the status of all newly licensed medicines and
any major new indications for established products. SMC advice and NHS QIS validated NICE
MTAs relevant to this guideline are summarised in the section on implementation.

1.2

Statement of intent
This guideline is not intended to be construed or to serve as a standard of care. Standards
of care are determined on the basis of all clinical data available for an individual case and
are subject to change as scientific knowledge and technology advance and patterns of care
evolve. Adherence to guideline recommendations will not ensure a successful outcome in
every case, nor should they be construed as including all proper methods of care or excluding
other acceptable methods of care aimed at the same results. The ultimate judgement must be
made by the appropriate healthcare professional(s) responsible for clinical decisions regarding
a particular clinical procedure or treatment plan. This judgement should only be arrived at
following discussion of the options with the patient, covering the diagnostic and treatment
choices available. It is advised, however, that significant departures from the national guideline
or any local guidelines derived from it should be fully documented in the patient’s case notes
at the time the relevant decision is taken.

1
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2	Arrhythmias associated with cardiac arrest
Management of cardiac arrest in the UK follows the Resuscitation Council (UK) guidelines.2 These
are based on the International Consensus on Cardiopulmonary Resuscitation and Emergency
Cardiovascular Care Science with Treatment Recommendations (CoSTR).3 Evidence presented
in this section is based largely on the evidence evaluation worksheets from the CoSTR project
which are referenced where appropriate.

2.1

primary prevention of sudden cardiac death
Coronary heart disease is the cause of sudden cardiac death (SCD) in approximately 70% of
cases.4 SCD occurs as a primary event in patients without previously recognised coronary heart
disease (CHD), as well as in those with known CHD, and shares the same risk factors. These
include diabetes mellitus, hypertension and left ventricular hypertrophy, hyperlipidaemia, dietary
factors, excessive alcohol consumption, physical inactivity and smoking.4

4

Asymptomatic individuals with multiple risk factors are at highest risk for primary SCD.4 There
is no randomised controlled trial (RCT) evidence that interventions in asymptomatic individuals
prevent primary SCD. Clinical trials of lipid lowering and antihypertensive drugs in primary
prevention of CHD have had insufficient statistical power to show reduction in SCD as a separate
end point. A case control study found that SCD was decreased in those whose leisure activity
was gardening and/or walking for more than 60 minutes per week.5

4
2+

D

Efforts to prevent sudden cardiac death should include:
 risk factor intervention in those individuals who are at high risk for coronary heart
disease
 health promotion measures and encouragement of moderate intensity physical activity
in the general population.

See also SIGN guideline 97 on risk estimation and the prevention of cardiovascular disease.6

2.2	bystander cardiopulmonary resuscitation
Bystander cardiopulmonary resuscitation (CPR) is associated with increased survival in out-ofhospital cardiac arrest. The likelihood of survival to hospital discharge approximately doubles
when bystanders initiate CPR prior to the arrival of the emergency services.7 A systematic review
incorporating a range of quality of life (QoL) measurement tools, time points and comparison
groups, found that the provision of CPR, defibrillation, and emergency cardiovascular care to
victims of cardiac arrest in the general population, both for out-of-hospital and in-hospital patients,
is worthwhile in terms of quality of life for survivors.8 CPR training positively influences laypersons’
willingness to perform CPR.9
C
		

The number of lay people trained to initiate CPR in out-of-hospital cardiac arrest should
be increased.

Targeted training of lay people selected by occupation, low training costs, or having highrisk household companions is substantially more cost effective than training unselected lay
people.10
D
		

Lay people identified as having a high probability of witnessing a cardiac arrest should
be offered CPR training.

	CPR should be performed in accordance with the Resuscitation Council (UK)
		
guidelines.

		



All healthcare workers who have direct patient contact should have annual refresher
training in cardiopulmonary resuscitation.

2+

2	ARRHYTHMIAS ASSOCIATED WITH CARDIAC ARREST

The delivery of CPR training programmes in schools is an effective way to promote widespread
knowledge and retention of resuscitation skills.11
D

4

CPR should be taught as part of the school curriculum.

2.3	defibrillation
Defibrillation is the definitive intervention in ventricular fibrillation (VF) or pulseless ventricular
tachycardia (VT) and is the most important determinant of survival in cardiac arrest. Survival
to hospital discharge is inversely related to the time interval between the onset of VF and the
delivery of the first shock. A one minute delay in defibrillation is associated with a reduction in
odds of survival of up to 21%.12 However, in adult out-of-hospital cardiac arrest with ventricular
fibrillation and response time greater than five minutes, a period of two minutes of CPR before
attempting defibrillation may improve return of spontaneous circulation (ROSC) and survival
to hospital discharge.13

		

Defibrillation should be administered in accordance with the Resuscitation Council (UK)
guidelines.

B
		
		

Defibrillation in patients with VF or pulseless VT should be administered without delay
for witnessed cardiac arrests and immediately following two minutes of CPR for
unwitnessed out-of-hospital cardiac arrests.

C

2++

Prompt defibrillation should be available throughout all healthcare facilities.

C	All healthcare workers trained in CPR should also be trained, equipped, authorised
		
and encouraged to perform defibrillation.
Defibrillators delivering biphasic waveforms require lower energy shocks to terminate VF than
those delivering monophasic waveforms and result in less myocardial damage. Studies in patients
do not show consistent differences between the type of waveform used during defibrillation
and ROSC or survival to hospital discharge after cardiac arrest.14

1+

2.3.1	automated external defibrillators
Automated external defibrillators (AEDs) are devices which guide first responders when assessing
whether defibrillation is indicated to resuscitate a collapsed patient. AEDs provide spoken
instructions to the responder on when and how to deliver the defibrillation shock.
Use of AEDs by trained first responders dispatched by the emergency medical services has been
shown to be clinically effective.12,15-18

1+
2+

It is cost effective in urban areas and where vehicle response times are minimised within the
emergency medical services system.19,20
A
		

Automated external defibrillators should be used by trained first responders, with their
use integrated within the emergency medical services system.

Use of AEDs in public areas (public access defibrillators) has been shown to be clinically effective
in locations associated with a high probability of a cardiac arrest event.17,21,22
B
		

2+
1+

Automated external defibrillators should be sited in locations which have a high
probability of a cardiac arrest event.
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The cost effectiveness of public access defibrillators has not been demonstrated.23 The major
factors influencing cost effectiveness are frequency of cardiac arrest, consistent rapid response
times by the responders and the cost of the equipment and associated training.24,25
No evidence was identified on the clinical or cost effectiveness of AEDs in rural areas.
There are no studies which provide evidence that provision of AEDs to the families of patients
with previous myocardial infarction (MI) or cardiac arrest reduces the patients’ mortality or
improves their quality of life.17 An ongoing major international trial, the home AED trial (HAT),
is addressing this evidence gap.

2.4

adjunctive therapies in the peri-arrest period

2.4.1	

refractory VT/VF
In VT/VF, pressor agents are administered to increase coronary perfusion pressure and increase
myocardial oxygen delivery. Despite the widespread use of adrenaline/epinephrine during
resuscitation and several studies involving vasopressin, there is no placebo-controlled study
that shows that the routine use of any vasopressor at any stage during human cardiac arrest
increases survival to hospital discharge.3

4

In a meta-analysis, high-dose adrenaline/epinephrine (5–15 mg) produced higher ROSC but a
trend towards lower survival to hospital discharge without neurological damage compared to
standard dose (1 mg).26

1+

Vasopressin acts on specific non-adrenergic receptors and theoretically may not produce
the adverse increase in myocardial oxygen consumption seen with adrenaline/epinephrine.
In a meta-analysis of the use of vasopressin with cardiac arrest there was no advantage over
adrenaline/epinephrine in ROSC, survival to hospital admission or discharge from hospital.27

1+

Amiodarone is effective in increasing ROSC and survival to hospital admission when given
in refractory VT/VF, but there is no evidence that it increases survival to discharge from
hospital.28

1+

D
		

Intravenous adrenaline/epinephrine should be used for the management of patients
with refractory VT/VF.

A
		

Intravenous amiodarone should be considered for the management of
refractory VT/VF.


		

Adjuvant therapies should be administered in accordance with the Resuscitation Council
(UK) guidelines.

2.4.2	sustained vt (no cardiac arrest)
For patients with sustained VT who are haemodynamically unstable, electrical cardioversion
is the immediate treatment of choice.3

4

No evidence has been found comparing the efficacy of electrical cardioversion versus antiarrhythmic drugs (AADs) in patients with sustained VT.
Intravenous amiodarone, procainamide or sotalol are effective in terminating haemodynamically
stable VT.29,30 Intravenous AADs can produce hypotension.29
No studies have been sufficiently powered to provide mortality data or compare benefits and
harms of AADs in a systematic manner.



D
		

Intravenous amiodarone, procainamide or sotalol should be used in the management
of patients with haemodynamically stable VT.


		
		

Intravenous drug therapy for ventricular tachycardia should ideally be given under
expert guidance. If the first IV drug fails to restore sinus rhythm, electrical cardioversion
or anti-tachycardia pacing should be considered.

3

2	ARRHYTHMIAS ASSOCIATED WITH CARDIAC ARREST

Recurrent polymorphic VT (torsades de pointes) is usually associated with QT interval
prolongation, and can be secondary to hypokalaemia, hypomagnesaemia and certain QT
prolonging drugs. Treatment is by withdrawal of QT interval prolonging drugs and administration
of intravenous magnesium. Hypokalaemia should be corrected where present, and bradycardia
treated by temporary pacing or isoprenaline infusion.3,31

4

D 	Patients with polymorphic VT should be treated with intravenous magnesium. QT
		
interval prolonging drugs, if prescribed, should be withdrawn. If present, hypokalaemia
		
should be corrected by potassium infusion and bradycardia by temporary pacing or
		
isoprenaline infusion.
2.4.3	asystole and pulseless electrical activity
Asystole accounts for 20-40%, and pulseless electrical activity (PEA) for up to 10%, of all
cardiac arrests. Patients with cardiac arrests due to asystole or PEA occurring outside hospital
have a poor outlook with less than 4% survival to hospital discharge. Within hospital 10% of
patients are resuscitated.32

2+

Adrenaline/epinephrine is the pressor agent routinely used to increase coronary perfusion
pressure in cardiac arrest but there is no evidence that it improves survival. Its efficacy is impaired
by the prevailing acidosis and hypoxia in cardiac arrest but there is no conclusive evidence
that vasopressin is superior in the treatment of asystole or PEA.3,27

4
1+

D	Patients with cardiac arrest secondary to asystole or pulseless electrical activity should
		
receive intravenous adrenaline/epinephrine.
2.4.4	bradycardia/sinoatrial dysfunction/heart block
Intravenous atropine improves heart rate and symptoms and signs in patients with symptomatic
bradycardia in both the hospital and pre-hospital setting.33

2+

Where transcutaneous pacing is started within five minutes of onset of bradycardia, resuscitation
is successful in 75% of patients.33

3

Secondline drugs for symptomatic bradycardia include adrenaline/epinephrine, dopamine,
isoprenaline and aminophylline.3

4

Glucagon is only likely to be useful in drug-induced bradycardias eg beta blocker and calcium
channel blocker overdose.34

3

C	Atropine should be used in the treatment of patients with symptomatic bradycardia.
D
		

Temporary transcutaneous pacing should be initiated quickly in patients not responding
to atropine.

D
		
		

When atropine or transcutaneous pacing is ineffective consider adrenaline/epinephrine,
dopamine, isoprenaline or aminophylline infusions before transvenous pacing is
instituted.


		

Transcutaneous pacing should be followed by transvenous pacing if bradycardia
persists.
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3	Arrhythmias associated with acute coronary
syndromes
3.1	Atrial fibrillation
In patients with acute MI treated with thrombolytic therapy, new atrial fibrillation occurs in
7-10% of cases. The majority (70-100%) of these patients will be in sinus rhythm by the time
of hospital discharge regardless of treatment strategy.35
In acute MI, atrial fibrillation occurs more commonly in those who are older, have greater
haemodynamic disturbance (eg higher Killip class) and have left ventricular (LV) dysfunction.
Atrial fibrillation is an independent risk factor for mortality. Stroke rates are increased in patients
with AF.36
Recommendations on antithrombotic prophylaxis for atrial fibrillation are contained in SIGN
guideline 36 on antithrombotic therapy.1
3.1.1	

prophylaxis
Recurrence of AF is observed in around 20% of cases.37 There is no evidence to support the
use of prophylactic anti-arrhythmic therapy for patients with acute coronary syndrome or acute
MI who have had AF but who have returned to sinus rhythm. Drugs which are used for their
proven benefits on mortality, including beta blockers and angiotensin converting enzyme (ACE)
inhibitors, may also reduce the incidence of AF in patients with acute MI.38,39

1+

3.1.2	anti-arrhythmic drug therapy/cardioversion
There is limited evidence on the use of amiodarone in patients with AF following acute MI,
with one small randomised study which showed no difference in restoration of sinus rhythm
compared to digoxin,40 and observational studies which have shown no mortality benefit with
amiodarone compared to no anti-arrhythmic treatment.35,41

1+
2+

The safety and efficacy of class 1C drugs (see Annex 1) for the treatment of AF in acute MI have
not been studied in large scale trials. Flecainide was associated with increased mortality in
patients with frequent ventricular premature beats and LV dysfunction following MI.42

1++

Propafenone has not been studied in the context of acute MI.
B
		

Class 1C anti-arrhythmic drugs should not be used in patients with AF in the setting of
acute MI.

No good quality studies have assessed effectiveness of synchronised direct current (DC)
cardioversion in this patient population.
Recommendations for treatment are based on previous consensus guidelines and expert
opinion.43,44 These guidelines suggest that underlying causes and aggravating features should be
corrected (eg heart failure, hypokalaemia and hypoxia). Further treatment measures then depend
on the clinical condition of the patient with regard to haemodynamic instability (hypotension,
heart failure) and ongoing ischaemia.
D	Patients with AF and haemodynamic compromise should have urgent synchronised
		
DC cardioversion or be considered for anti-arrhythmic and rate-limiting therapy
		
using:
 intravenous amiodarone
or
 digoxin, particularly in presence of severe LV systolic dysfunction with heart
failure.



4

3 ARRHYTHMIAS ASSOCIATED WITH ACUTE CORONARY SYNDROMES

D	Patients with AF with a rapid ventricular response, without haemodynamic compromise
		
but with continuing ischaemia should be treated with one of:
 intravenous beta blockade, in the absence of contraindications
 intravenous verapamil where there are contraindications to beta blockade and there
is no LV systolic dysfunction
 synchronised DC cardioversion.
D	Patients with AF without haemodynamic compromise or ischaemia should be treated
		
with rate-limiting therapy, preferably a beta blocker, and be considered for chemical
		
cardioversion with amiodarone or DC cardioversion.

		

Where indicated, cardioversion should be performed under short-acting general
anaesthesia or conscious sedation.

3.2	conduction disturbances and bradycardia
There are no published randomised trials comparing different strategies of managing conduction
disturbances after acute MI or acute coronary syndrome. All recommendations are based on
previous consensus guidelines and expert opinion based on case series, largely from the prereperfusion era.36
Sinus bradycardia occurs in 40 to 70% of patients post-MI, either spontaneously or in response
to beta blocker therapy.45 Where sinus bradycardia is asymptomatic and haemodynamically well
tolerated no action is required. Symptomatic bradycardia usually responds to atropine and the
withdrawal of rate slowing agents. Heart block occurs in 5-10% of patients with ST elevation
MI (STEMI), and intraventricular conduction disturbances in up to 20%.36

4

Temporary pacing is used to treat symptomatic bradycardia. This can be achieved either
transcutaneously or transvenously. Temporary transvenous pacing is used for symptomatic
or prognostically significant bradycardias. Standby transcutaneous pacing is suitable for less
threatening rhythms. The requirement for temporary pacing is not in itself an indication for
permanent pacing. Permanent pacemaker implantation can be deferred if the peri-infarction
AV block is expected to resolve.36

4

D
		
		

In patients with symptomatic bradycardia/conduction disturbance, concurrent
therapies which predispose to bradycardia (eg beta blockers, digoxin, verapamil) should
be discontinued.

D
		

Isolated first degree heart block/Mobitz type I second degree heart block require no
treatment.

D

Transvenous temporary pacing should be considered for patients with:
 sinus bradycardia (heart rate<40 beats per minute) associated with symptoms and
unresponsive to atropine
 alternating left and right bundle branch block
 Mobitz type II AV block with new bundle branch block
 third degree AV block in inferior MI, if unresponsive to atropine and haemodynamically
compromised, and in all cases of anterior MI
 ventricular standstill.

		
		

Transcutaneous pacing should be available to all patients with other atrioventricular
and intraventricular conduction disturbances.
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D
		

Permanent pacing is indicated for patients with persistent Mobitz type II second degree
block, or persistent third degree AV block.

D	Permanent pacing should be considered for patients who have had transient second
		
degree or third degree AV block with associated bundle branch block.

		

All patients requiring a permanent pacemaker should be evaluated for an implantable
cardioverter defibrillator and/or biventricular pacing.

3.3	VENTRICULAR ARRHYTHMIAS
3.3.1	ventricular arrhythmias and acute MI
Sustained ventricular arrhythmias, VT and/or VF, occur in up to 20% of patients with acute
coronary syndromes. In hospitalised patients with STEMI, the most common sustained ventricular
arrhythmia is primary VF, which occurs in 3-5% of patients within the first few hours following
onset of infarction (75% of these within the first hour).46,47
Early (<48 hours) post infarction primary VF is associated with increased in-hospital mortality,
but those who survive to hospital discharge have a similar outcome to patients without primary
VF. Late VF (>48 hours) is less common (1-2%) and is associated with increased short and
long term mortality.48,49 Monomorphic VT (early or late) is associated with increased short
term mortality, to a lesser degree than VF, but is also associated with an increase in long term
mortality. Patients who have had both VT and VF have the worst short and long term mortality
(eg in one study of patients with STEMI, 30 day mortality was 31% for patients with VF, 24% for
patients with VT, 44% for patients with both and 6% for patients with neither).49 The extent to
which recurrent arrhythmia rather than heart failure or reinfarction contributes to the increased
mortality in patients with VT and/or VF is not known. Secondary VF, in patients with heart
failure or shock, is associated with high in-hospital mortality (up to 50%).50

3

There are no randomised studies of therapies to improve outcome after early VT/VF.
The incidence of primary VF in acute MI has not decreased in the last two decades, but there
is evidence that modern medical management can reduce the subsequent mortality.51

3

The defibrillator in acute myocardial infarction trial (DINAMIT) of early (6-40 days) implantable
cardioverter defibrillator (ICD) implantation after acute MI showed no benefit, but patients
with VT/VF >48 hours after onset of MI were excluded.52 Expert opinion concludes that such
patients should be assessed for revascularisation and/or ICD implantation.36

1+
4

The indications for ICD implantation are discussed in section 4.2.2
The incidence of VT/VF is less in non-STEMI patients (about 2%; median time 78 hours) but is
also associated with increased short and long term mortality.53
C	Patients who have primary VF should be recognised as being at increased risk during
		
their hospital stay, and medical therapy should be optimised.
D	Patients who have monomorphic VT following acute MI, or VF greater than 48 hours
		
after infarction, should be recognised as being at increased short and long term risk
		
and should be considered for revascularisation and ICD.
The emergency treatment of sustained ventricular arrhythmias associated with acute coronary
syndromes is discussed in sections 2.3 and 2.4.



3
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3.3.2	PREVENTION OF VENTRICULAR ARRHYTHMIAS AND SUDDEN DEATH
Although there is a large volume of evidence on the benefits of drugs on survival post-MI, the
primary outcome is usually total mortality, with sudden cardiac death as a secondary outcome
or sub-analysis.
The main evidence of benefit is for treatments which reduce total mortality, in part by reducing
sudden death, in particular thrombolysis, beta blockade, ACE inhibitors and statins.36,38,43,54-56
Thrombolytic therapy may be associated with an early increased incidence of VF, but this is
offset by the subsequent benefits of reperfusion, including reduction in sudden death.4 Studies
of intravenous beta blockers showed reduction in the incidence of early VF, but evidence from
the thrombolytic era has indicated no additional total mortality benefit of intravenous compared
to oral administration.36,38,43,55,57

1++

Anti-arrhythmic drugs
Anti-arrhythmic drugs (lidocaine, amiodarone) reduce arrhythmic death but with no, or minor,
overall benefit on total mortality. Class 1C drugs have been shown to be associated with adverse
outcomes following MI.4,36,43,58,59
A

1++

Routine use of anti-arrhythmic drugs is not recommended following MI.

Omega-3 fatty acid supplements
There is conflicting evidence that omega-3 fatty acid supplements reduce the relative risk of
sudden death, as there is for total or cardiovascular mortality (see SIGN guideline 97 on risk
estimation and the prevention of cardiovascular disease).6 Omega-3 fatty acid supplements
reduced the relative risk of sudden death by 26% and total mortality by 14% compared to
placebo in a single open-label study of patients with recent MI. The absolute risk reduction in
sudden death was 0.7% (2.2% vs 2.9%).60 A Cochrane meta-analysis identified four additional
studies reporting on the risk of sudden death following the consumption of fish oil fatty acids or
capsules.61 The overall relative risk was 0.85 (95% confidence interval, 0.49 to 1.48). There was
a marked heterogeneity and when all studies at medium or high risk of bias were excluded, one
study of 551 patients undergoing angioplasty remained. One sudden death was observed in the
placebo and none in the omega-3 supplemented group.62 The three recent studies of omega-3
capsules in patients with implanted cardioverter-defibrillators also failed to show a consistent
effect on time to first discharge (from a 33% decrease to 28% increase).63-65 The value of this
therapy to prevent sudden death in patients with coronary heart disease is uncertain.

1+

Aldosterone receptor antagonists
Eplerenone, an aldosterone receptor antagonist, showed a 21% relative risk reduction in sudden
death and a 15% relative risk reduction in total mortality compared to placebo in a single study
of patients with acute MI, LV dysfunction (left ventricular ejection fraction, LVEF ≤0.40) and
heart failure or diabetes mellitus. There was a small excess of serious hyperkalaemia (serum
potassium >6.0 mmol/l) with eplerenone (5.5% vs 3.9% with placebo).66
B
		
		

1+

Patients who have suffered a recent myocardial infarction and with LVEF ≤0.40
and either diabetes or clinical signs of heart failure should receive eplerenone unless
contraindicated by the presence of renal impairment or high potassium levels.

3.3.3	assessment of risk of sudden death
Following acute MI, sudden death is a continuing cause of mortality (7-10% at two years; up
to 50% of total mortality), with the greatest risk being in the first 30 days (1.4% per month),
declining during follow up (0.14% per month after two years).4,36,43,67 The risk is associated
with LV dysfunction, but sudden death can also occur in patients with preserved LV function
post-MI. LV dysfunction is also a risk factor for non-sudden cardiac death.67

2-
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There have been many studies of variables that may identify patients at risk of sudden death
post-MI. This risk may be related to the arrhythmia substrate (LV dysfunction; late potentials on
signal-averaged electrocardiogram (ECG); inducibility at electrophysiology study; microvolt Twave alternans), the occurrence of triggers (ventricular premature beats, non-sustained VT) and
autonomic dysfunction (heart rate variability; baroreceptor sensitivity; heart rate turbulence).
Such investigations have relatively low sensitivity (<50%), low positive predictive accuracy
(<30%) but high negative predictive accuracy (>90%).4,36,68 The predictive value can be
improved by combining investigations but this is at the expense of sensitivity. Their predictive
value has been reduced by the decrease in incidence of sudden death with modern management
post-MI.67,69,70 Many of these investigations are specialised and not widely available.

2+
3

There have only been a few studies in which these investigations have been used to guide therapy
following acute MI. The DINAMIT study of patients with reduced LV function and abnormal
cardiac autonomic function post-MI (6-40 days) did not show benefit of ICD implantation.52

1+

In the absence of proven benefit, the cost of these specialist investigations cannot yet be
justified.
C	LV function should be assessed in all patients with acute MI during the index
			admission.

10

C
		

Non-invasive assessment of the risk of ventricular arrhythmias may be considered but is
not routinely recommended.

C
		

Invasive electrophysiological studies are not routinely recommended for all patients
post-MI.

4	ARRHYTHMIAS ASSOCIATED WITH CHRONIC CORONARY HEART DISEASE/LEFT VENTRICULAR DYSFUNCTION

4	Arrhythmias associated with chronic coronary
heart disease/left ventricular dysfunction
4.1

atrial fibrillation

4.1.1	introduction
Atrial fibrillation is a significant burden on health and is associated with a substantially increased
risk of stroke and sudden death.71 A large North American study estimated that the prevalence
of AF in the population aged over 20 years was 0.95%.71 Assuming a similar rate in Scotland,
around 40,000 patients had AF in 2005. The prevalence of AF rises markedly with advancing
age, and is around 6% in those aged over 80 years.44 The total burden of AF is set to rise as
the population ages.
Although AF is a common complication of ischaemic heart disease, most of the studies of
the management of AF have also encompassed patients with AF from other causes, including
valvular heart disease and hypertension. The evidence base for treatment of patients with
AF caused by ischaemic heart disease is diluted by the inclusion of patients with these other
disease processes.
Factors associated with predisposition to atrial fibrillation include hypertension, left ventricular
hypertrophy or dysfunction and heart failure. Several randomised controlled trials of betaadrenoceptor antagonists or inhibitors of the renin-angiotensin-aldosterone system in patients
with these conditions have reported reductions in the incidence of atrial fibrillation as a secondary
end point, or in retrospective analysis.38,72 Meta-analyses of the effects of angiotensin converting
enzyme inhibitors or angiotensin receptor blockers have reported relative risk reductions of
around 40% for the incidence of atrial fibrillation in patients with chronic heart failure, compared
with a non-significant reduction of 27% in post-infarction studies.72,73 Since treatment with betaadrenoceptor antagonists and inhibitors of the renin-angiotensin-aldosterone system is already
indicated for reduction in mortality in patients post-infarction or with chronic left ventricular
dysfunction or heart failure, there is no need for a specific recommendation with respect to
prevention of atrial fibrillation.
Recommendations on antithrombotic prophylaxis for atrial fibrillation are contained in SIGN
guideline 36 on antithrombotic therapy.1
4.1.2	anti-arrhythmic drugs
Both amiodarone and sotalol are effective in preventing AF recurrence.74-78 Evidence is limited
by lack of specific reporting of coronary heart disease subgroups within trials. In a large (n=665)
randomised, double blind trial, amiodarone and sotalol were superior to placebo in restoring
sinus rhythm, and in preventing recurrence of AF. Amiodarone and sotalol were equally
effective in restoring sinus rhythm, but amiodarone was superior to sotalol in preventing AF
recurrence. A pre-specified subgroup analysis of patients with ischaemic heart disease revealed
no significant difference in efficacy between amiodarone and sotalol.74 Amiodarone use may
be associated with serious non-cardiac side effects including pneumonitis, thyroid disorders,
liver dysfunction, photosensitivity and warfarin interaction.79-81 These side effects are related to
the dose and duration of exposure to the drug. Class 1C drugs (flecainide, propafenone) should
not be used in patients with ischaemic heart disease.42,44,82

1+
4

A	Amiodarone or sotalol treatment should be considered where prevention of atrial
		
fibrillation recurrence is required on symptomatic grounds.

11

Cardiac arrhythmias in coronary heart disease



4.1.3

 Patients with arrhythmias successfully controlled on amiodarone should have the dose
titrated down to the lowest effective level.
 Patients taking amiodarone should have thyroid and liver function measured at
baseline and at six monthly intervals. A baseline set of lung function tests should
be performed (including transfer factor of carbon monoxide; DLCO).
 Patients with new or increasing cough or breathlessness during amiodarone therapy
should be promptly referred for respiratory evaluation.
 Patients receiving amiodarone therapy should be provided with information on
potential adverse effects.

rate versus rhythm control
In RCTs of patients with well tolerated AF, rate control is superior to rhythm control in terms of
morbidity and avoidance of hospitalisation. There is no difference between the two strategies
in the incidence of thromboembolism, incident heart failure, or mortality.83-87
A
		

1+
1++

Rate control is the recommended strategy for management of patients with well
tolerated atrial fibrillation.

	Patients who are haemodynamically compromised, have myocardial ischaemia or are
		
severely symptomatic as a result of AF with a rapid ventricular response should be treated
		
promptly by electrical cardioversion.
	Patients with AF who remain severely symptomatic despite adequate rate control should
		
be considered for rhythm control.
4.1.4

pharmacological therapies for rate control
Although there have been few long term studies, a systematic review of multiple small-scale trials
over periods of up to four weeks demonstrated that beta blockers, calcium channel blockers
(verapamil or diltiazem), digoxin and amiodarone are all capable of controlling ventricular
rate in AF.88

1+

There is no strong evidence to show superiority of any individual rate control drug or class of
drugs over another. The choice of agent usually depends on clinical factors including cardiac
indications for specific drug groups, or contraindications.
Digoxin does not control rate effectively during exercise and should be used as first line therapy
only in people who are sedentary, or in overt heart failure.88

1+

In some people a combination of drugs may be required to control heart rate in atrial fibrillation.
Options include the addition of digoxin to either a beta blocker or a rate-limiting calcium channel
blocker.89,90 The combination of beta blocker plus verapamil can cause severe bradycardia and
should normally only be prescribed by cardiologists.91

1+
3

A	Ventricular rate in AF should be controlled with beta blockers, rate-limiting calcium
		
channel blockers (verapamil or diltiazem), or digoxin.
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C
		

Digoxin does not control rate effectively during exercise and should be used as first
line therapy only in people who are sedentary, or in overt heart failure.

C
		
		

In some people a combination of drugs may be required to control heart rate in atrial
fibrillation. Options include the addition of digoxin to either a beta blocker or a ratelimiting calcium channel blocker.
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4.1.5	non-pharmacological therapies
Atrioventricular node ablation and permanent pacing improve heart rate control, ejection
fraction, symptomatic and functional status, and quality of life in patients with AF whose
ventricular rate is uncontrolled on medical therapy.82,92 Long term right ventricular pacing may
however be deleterious to left ventricular function.93

2+
4
1+

B	Ablation and pacing should be considered for patients with AF who remain severely
		
symptomatic or have LV dysfunction in association with poor rate control or intolerance
		
to rate control medication.

		
		

Patients with atrial fibrillation who are severely symptomatic despite optimum tolerated
medical therapy should be referred to a cardiac rhythm specialist for consideration of
non-pharmacological therapy, eg radiofrequency ablation.

4.2	VENTRICULAR ARRHYTHMIAS
4.2.1	

revascularisation for secondary prevention of VT/VF
Four small retrospective studies examined the effectiveness of revascularisation in improving
survival and quality of life for patients with CHD who have had sustained VT or who have
been resuscitated from VF.94-97 Revascularisation (coronary artery bypass graft or percutaneous
coronary intervention) reduced the subsequent development of ischaemic VT induced at
electrophysiological study, sudden death and out-of-hospital collapse.
C

2+
3

Revascularisation should be considered in patients who have had sustained VT or VF.

	Patients with previous sustained VT/VF should undergo assessment for inducible
		
ischaemia by stress testing or myocardial perfusion imaging followed, if appropriate,
		
by coronary arteriography and revascularisation. These patients should all be considered
		
for implantable cardioverter defibrillator therapy.
4.2.2

IMPLANTABLE CARDIoverter DEFIBRILLATOR THERAPY
ICDs in patients at risk of life threatening arrhythmias - ‘primary prevention’
In patients with impaired LV function after previous MI in New York Heart Association (NYHA)
classes I-III (see Annex 2), ICD therapy is superior to anti-arrhythmic drug therapy or usual medical
management in reducing all-cause mortality.98-101 There is no evidence that ICD implantation
in the first month after myocardial infarction, or in conjunction with routine coronary artery
bypass surgery reduces mortality in patients with impaired left ventricular ejection fraction.52,102
Absolute benefit from ICD implantation is greatest in patients with spontaneous non-sustained
VT plus inducible sustained VT,100,101 more severely depressed ejection fraction (<0.25) or
more prolonged QRS complex duration (>120ms).98,99

1+
1++

A further primary prevention trial compared cardiac resynchronisation therapy (CRT) alone
or with a defibrillator (CRT-D) to optimal pharmacological therapy in patients with advanced
heart failure (NYHA class III-IV), and QRS duration >120ms. CRT and CRT-D reduced the
relative risk of the primary end point of death or hospitalisation for any cause by 19% and 20%
respectively. The hazard ratio for all-cause mortality compared with pharmacological therapy
was 0.76 (95% CI, 0.58 to 1.01, p=0.059) for the CRT group, and 0.64 (95% CI, 0.48 to 0.86,
p=0.003) for CRT-D, although the difference between CRT and CRT-D was not statistically
significant.103 For further discussion of CRT see SIGN guideline 95 on the management of
chronic heart failure.104

1+

A registry study from the MUSTT trial observed that patients with non-sustained VT who did
not have sustained VT inducible at electrophysiological testing had a five year rate of cardiac
arrest or death due to arrhythmia of 24%, as compared with 32% in patients with inducible
tachyarrhythmias who were assigned to no anti-arrhythmic therapy (adjusted p<0.001).
Patients with inducible tachyarrhythmias had a 48% five year mortality compared to 44% in
non-inducible patients in the registry (adjusted p=0.005).105

2+

13

Cardiac arrhythmias in coronary heart disease

Table 1 summarises the entry criteria and results of the key trials.52,98-103
A	Patients with moderate to severe LV dysfunction (eg ejection fraction <0.35), in
		
NYHA class I-III at least one month after myocardial infarction should be considered
		
for ICD therapy.
B	Patients with spontaneous non-sustained ventricular tachycardia (especially if sustained
		
ventricular tachycardia is inducible), severely impaired ejection fraction (<0.25) or
		
prolonged QRS complex duration (>120ms) should be prioritised for ICD
		
implantation.
A	Patients meeting criteria for ICD implantation who have prolonged QRS duration
		
(>120ms) and NYHA class III-IV symptoms should be considered for CRT-D
		
therapy.
Table 1 Entry criteria and results of trials examining ICD effectiveness in primary prevention
of life threatening arrhythmias
							
Trial entry criteria

MADIT I100

CABGPATCH102

MUSTT101

MADIT II98

COMPANION103
***

DINAMIT52

SCD-HEFT99

Non-sustained
VT/inducible
VT at EPS

Yes*

No

Yes

No

No

No

No

LV ejection fraction

≤0.35

≤0.35

≤0.40

≤0.30

≤0.35

≤0.35

≤0.35

I-III

73% II&III

I-III

I-III

III-IV

I-III

II/III

≥21 days

N/A

≥4 days**

≥1mth

N/A

6-40 days

N/A

Mean follow up
(months)

27

32

39

20

12

30

46

Control group
mortality%

39

21

55†¶

20

19

17

36†

ICD group
mortality%

16

23

24†¶

14

12

19

29†

54
(18 to74)

-7
(-42 to 19)‡

60¶
(41 to 73)

31
(7 to 49)

36
(14 to 52)

-8
(-55 to 24)‡

23
(4 to 38)

23

-2

31†¶

6

7

-2

7

NYHA class
Interval post-MI
Results

RRR %
(95% CI)
ARR%

* VT still inducible after intravenous procainamide
**83% of patients >1 month post-MI
***Cardiac resynchronisation plus ICD group vs optimal medical therapy
† 5-year Kaplan-Meier estimate
‡ Not statistically significant
¶ Non-randomised comparison
EPS Electrophysiology study
RRR Relative risk reduction
ARR Absolute risk reduction
N/A Not available

ICDs in patients surviving life threatening arrhythmias –‘secondary prevention’
Patients surviving VF or sustained symptomatic VT due to previous MI have improved survival
following ICD implantation compared with amiodarone therapy.106 In a meta-analysis of the
key trials the overwhelming majority of patients were in NYHA classes I-III.106 Patients with
left ventricular ejection fraction ≤0.35 derived significantly more benefit from ICD therapy
than those with better preserved left ventricular function. Patients with severe heart failure
(eg NYHA class IV, with symptoms at rest) have been excluded from studies of ICDs, as such
patients generally have poor prognosis due to progressive heart failure.
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Table 2 summarises the entry criteria and results of the key trials.107-109
A	Patients surviving the following ventricular arrhythmias in the absence of acute
		
ischaemia or treatable cause should be considered for ICD implantation:
 cardiac arrest (VT or VF)
 VT with syncope or haemodynamic compromise
 VT without syncope if LVEF<0.35 (not NYHA IV).
Table 2: Entry criteria and results of trials examining ICD effectiveness in secondary prevention
of life threatening arrhythmias.
Trial entry criteria

AVID107

CIDS109

CASH108*

Resuscitated cardiac arrest (VT/VF)

Yes

Yes

Yes

VT with syncope

Yes

Yes

-

VT with presyncope or angina +LVEF ≤0.35

-

Yes

-

Yes

-

-

-

Yes

-

18

36

57

Control group mortality%

24

30

44

ICD group mortality%

16

25

36

38(19 to 53)

20(-8 to 40)‡

17(-33 to 48)‡

8

5

8

VT with presyncope/angina or congestive heart
failure (CHF)+LVEF ≤0.40
Unmonitored syncope w/inducible VT
Results
Mean follow up (months)

RRR% (95% CI)
ARR%
* Comparison with amiodarone only
‡ Not statistically significant
RRR Relative risk reduction
ARR Absolute risk reduction
			

Cost effectiveness of ICDs
The evidence on the cost effectiveness of ICDs is weak.110,111 Both improved targeting of patients
at greatest risk of sudden cardiac death and fewer hospital admissions for maintenance and
replacement of devices are likely to be necessary before the cost effectiveness ratios for ICDs
relative to medical therapy approach conventional cost effectiveness thresholds.
4.2.3	anti-arrhythmic drug therapy
Class 1 anti-arrhythmic drugs
Class 1 anti-arrhythmic drugs used for treatment of premature ventricular beats or non-sustained
VT in patients with previous MI show a strong trend towards increased risk of death.4,112
A
		

1++

Class 1 anti-arrhythmic drugs should not be used for treatment of premature ventricular
beats or non-sustained VT in patients with previous MI.

Beta blockers
Routine use of beta blockers in post-MI patients reduces the risk of sudden death and all-cause
mortality.4

1++

A	Long term beta blockers are recommended for routine use in post-MI patients without
		
contraindications.
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Amiodarone and sotalol
Amiodarone therapy in post-MI patients with impaired left ventricular function or frequent
ventricular premature beats reduces the risk of sudden death, but does not significantly reduce
all-cause mortality.113,114

1++

Amiodarone therapy in patients with LV dysfunction or congestive heart failure (CHF) without
sustained ventricular arrhythmias reduces the risk of sudden death but does not significantly
reduce all-cause mortality.99,115

1++

Sotalol therapy in unselected post-MI patients did not significantly reduce mortality.116

1+

A	Amiodarone therapy is not recommended for post-MI patients or patients with congestive
		
heart failure who do not have sustained ventricular arrhythmias or atrial fibrillation.
B
		

Sotalol therapy is not recommended for post-MI patients who do not have sustained
ventricular arrhythmias or atrial fibrillation.

In patients who have recovered from an episode of sustained VT (with or without cardiac arrest),
amiodarone or sotalol therapy is more effective than electrophysiologically-guided class 1 antiarrhythmic therapy in preventing recurrent arrhythmic events and cardiac death.4
B
		
		

1++

In patients who have recovered from an episode of sustained ventricular tachycardia
(with or without cardiac arrest) who are not candidates for an ICD, amiodarone or
sotalol should be considered.

Calcium channel blockers
Calcium channel blocker therapy in post-MI patients does not reduce all-cause mortality.4
A
		

16

Calcium channel blocker therapy is not recommended for reduction in sudden death
or all-cause mortality in post-MI patients.

1++

5 ARRHYTHMIAS ASSOCIATED WITH CORONARY ARTERY BYPASS GRAFT SURGERY

5	Arrhythmias associated with coronary artery
bypass graft surgery
5.1	introduction
AF is a common complication of coronary artery bypass graft (CABG) surgery, occurring in
17-53% patients.117-125 The condition is self limiting in over 90% of patients within four to six
weeks of surgery.126,127
Although ventricular ectopics and runs of VT are frequent following CABG surgery, occurring
in up to 36% of patients,125 the incidence of VF or sustained VT is lower, ranging from
0.95%128 to 3.1%,129 although rates as high as 8.5% have been reported.130
Cardiac arrest as a result of VF/pulseless VT in the postoperative period has high in-hospital
mortality.129,131 VT/VF often occurs in the early postoperative period when the patient is
intensively monitored in a critical care area but may also occur more than a week postoperatively
when the patient is not monitored.125,129,131 Non-sustained VT following CABG surgery is a less
specific marker of future ventricular arrhythmias than in the non-surgical setting.128 The long term
prognosis of survivors of VF/VT arrest is similar to those who did not experience VF/ VT.129,131

5.2	risk factors
Two systematic reviews with important methodological limitations, previous guidelines and two
epidemiological studies identify age (20% increase in incidence for every 10 years over age 65) and
previous AF as risk factors strongly associated with development of AF postoperatively.44,132-135

14

Other preoperative factors have been indirectly associated with postoperative development of
AF in trials of prophylactic interventions. These include male sex,132 obesity,136 hypertension,135
chronic obstructive pulmonary disease (COPD),137 digoxin use, peripheral arterial disease,
valvular heart disease, left atrial enlargement, previous cardiac surgery, pericarditis, elevated
postoperative adrenergic tone,44 concurrent valve surgery, atrial enlargement, poor LV function,133
P wave dispersion140 and withdrawal of ACE inhibitors and beta blockers.134

3
14

The major preoperative risk factor for postoperative VT and VF is low left ventricular ejection
fraction.125

2+

D
		
		

5.3

In patients undergoing coronary artery bypass graft surgery, age, previous AF and
left ventricular ejection fraction should be considered when assessing risk of
postoperative arrhythmia.

prophylactic interventions
Although prophylaxis is effective in reducing the incidence of AF, the evidence is conflicting as to
whether it decreases the incidence of stroke or mortality or shortens hospital stay.121,122,124,141
Even when such effects have been demonstrated, variation in study methodologies, including
lack of definition of AF, adverse events not being primary outcomes, variation in definitions
of end points, prolonged time period of studies during which beta blockers were widely
introduced, and details of randomisation, concealment and attrition not being included limits the
interpretation of these findings.138,139 Pharmacological treatment of AF is often quickly effective
in restoring sinus rhythm or controlling heart rate.140
Prophylaxis also reduces the incidence of ventricular arrhythmias but it does not reduce
associated mortality.122,138
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5.3.1	

pharmacological therapies
Amiodarone/beta blockers
Amiodarone or beta blockers, including sotalol, reduce the incidence of AF following CABG
surgery by a similar magnitude.138,139,141,142 The potential relative risk reduction in incidence of
AF with amiodarone is 46% and with beta blockers is 35%.141
A
		

Amiodarone may be used when prophylaxis for atrial fibrillation and ventricular
arrhythmias is indicated following CABG surgery.

A
		

Beta blockers including sotalol may be used when prophylaxis for atrial fibrillation is
indicated following CABG surgery.

1++

	Preoperative beta blocker therapy should be reintroduced as soon as safe to do so after
		
surgery.
Calcium channel blockers
Rate-limiting calcium channel blockers, eg verapamil and diltiazem are effective in reducing
the incidence of AF following surgery but dihydropyridines are ineffective.143
B
		

1++

Verapamil and diltiazem may be used for prophylaxis of atrial fibrillation following
CABG surgery.

Digoxin
Digoxin does not reduce the incidence of AF following CABG surgery.144
B
		

1+

Digoxin should not be used for prophylaxis of atrial fibrillation following CABG
surgery.

Glucose-insulin-potassium
One good quality RCT145 and one retrospective analysis146 suggest that glucose-insulin-potassium
regimens do not reduce the incidence of AF following cardiac surgery. An RCT study with
limitations around concealment of interventions showed some benefit.147
C
		

1++
21-

Glucose-insulin-potassium regimens should not be used for prophylaxis of atrial
fibrillation following CABG surgery.

n-3-polyunsaturated fatty acids
In one RCT, n-3-polyunsaturated fatty acids (PUFAs) (2 g/day) administered for five days
preoperatively and postoperatively until the day of hospital discharge reduced the incidence
of postoperative AF following elective CABG and reduced hospital stay.127 This single study
(n=160) provides insufficient evidence on which to base a recommendation.

1+

5.3.2	manipulation of blood electrolytes
Magnesium is effective in reducing the incidence of AF and ventricular arrhythmias after cardiac
surgery.118, 121,122 Magnesium confers no additional reduction in AF when co-administered with
sotalol.148
A
		

Magnesium may be used when prophylaxis for atrial fibrillation and ventricular
arrhythmias is indicated following CABG surgery.

One study has associated hypokalaemia or hypocalcaemia with the occurrence of VT following
CABG surgery.130
No studies were identified that investigated whether correction of hypokalaemia or
hypocalcaemia reduced the incidence of VT. However, correction of these deficits is accepted
clinical practice.
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1+

Blood levels of potassium and calcium should be measured frequently following CABG
surgery and corrected if necessary.

2+
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5.3.3	anaesthesia and analgesia
Whilst spinal anaesthesia does not reduce the incidence of AF, epidural analgesia results in a
48% reduction in the incidence of AF and tachycardia after CABG surgery.149 Amiodarone is
more effective than epidural analgesia and their combination confers no additional benefit.150

1+

The choice of general anaesthetic agent (propofol, midazolam, sevoflurane, desflurane) does
not influence the incidence of AF.151

1+

There were conflicting results in two studies of the effects of non-steroidal anti-inflammatory
drugs (NSAIDs). Ketorolac reduced the incidence of AF by 65% (relative risk reduction) compared
with a control group whilst naproxen did not influence the incidence of AF.152,153

1+
1++

A
		

The choice of anaesthetic agent or technique and analgesia should be based on factors
other than atrial fibrillation prophylaxis.

5.3.4	surgical techniques
Off-pump surgery
Off-pump (without cardiopulmonary bypass) CABG surgery is associated with a reduction
in the incidence of AF in elderly patients when compared with the use of cardiopulmonary
bypass. The risks and benefits of off-pump CABG surgery remain controversial and the long
term outcomes remain unknown.117,120,154,155
A
		

2++
1++
1+

The choice of whether or not to use cardiopulmonary bypass should be based on factors
other than atrial fibrillation prophylaxis.

Atrial pacing
Atrial pacing is associated with a 43% reduction in incidence of AF following CABG surgery.
Although use of pacing avoids the potential side effects of pharmacological measures it carries
an extremely small risk of tamponade and death. There are potential infection problems if wires
cannot be completely removed.141,156

1++

A	Atrial pacing may be used for prophylaxis of AF in patients who have atrial pacing
		
wires placed for other indications.
Fat pad preservation
In one randomised study the preservation of the anterior epicardial fat pad between aorta and
pulmonary artery when cross clamping during CABG reduced the incidence of postoperative AF
when compared with fat pad dissection.157 This small study (n=55) does not provide sufficient
evidence on which to base a recommendation.

1+

Bonded cardiopulmonary bypass circuits
A number of studies suggest that the use of heparin bonded circuits improves clinical outcomes
in patients undergoing CABG.140,158-161 Reduction in AF incidence is rarely a primary outcome
and monitoring for AF is limited to 48 hours in some studies. It is unclear whether bonded
cardiopulmonary bypass circuits are associated with a reduction in AF.
A
		

1+
4

Bonded cardiopulmonary bypass circuits should not be used on the basis of AF
prophylaxis alone.

Hypothermia
In a randomised study patients underwent mild (34ºC) or moderate (28ºC) hypothermic
cardiopulmonary bypass. AF rates in each group were determined retrospectively by review of
hospital records. There was a significantly higher incidence of AF in the moderate compared
with the mild hypothermic group.162

1-
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5.3.5	defibrillator implantation
In one study, prophylactic use of ICDs in patients at high risk for ventricular arrhythmias
after CABG did not improve life expectancy in patients with a poor left ventricular ejection
fraction.102
A
		

1+

Defibrillators should not be routinely implanted in patients with a poor left ventricular
ejection fraction at the time of coronary artery bypass graft surgery.

5.4

Treatments for atrial fibrillation

5.4.1	

pharmacological therapies
There is little evidence to guide treatment of AF following CABG surgery. Recommendations
are based on expert opinion from previous guidelines (see section 3.1 and 4.1).44
D

 Patients with AF and haemodynamic compromiseshould have synchronised
cardioversion.
 In the immediate postoperative period, patients with persistent AF without
haemodynamic compromise should be treated with rate-limiting therapy.
 Patients with persistent AF should be considered for elective synchronised
cardioversion.


		

Whatever pharmacological therapy is used for treatment of AF, the need for continuing
treatment should be reviewed within six weeks of hospital discharge.

4

Anticoagulation
A systematic review identified no studies demonstrating effects of immediate anticoagulation
on stroke risk in patients with AF post cardiac surgery.163 The review identified one cohort
study that provided some evidence that there is a risk of pericardial effusions with early
anticoagulation.164

1+
2-

 Anticoagulation should be considered on a case-by-case basis for patients with AF following
		CABG where it is anticipated that the AF is likely to persist.
5.4.2	dc cardioversion
Although one small study (n=48) found that DC cardioversion reduces the duration of AF there
is no evidence that DC cardioversion reduces AF recurrence rate or the duration of hospital
stay.165

1-

5.5	treatments for ventricular arrhythmias
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There is little evidence to guide treatment of ventricular arrhythmias associated with CABG
surgery. Recommendations are based on published expert opinion.3

4

Sternal reopening for internal massage, defibrillation or control of bleeding is most effective
if carried out in critical care, less than 24 hours from surgery and if performed less than 10
minutes from arrest. It is of limited value when performed more than 24 hours after surgery or
in the general ward.166,167 Institution of cardiopulmonary bypass may be indicated in the early
postoperative period to correct surgical bleeding or coronary artery graft occlusion and rest an
exhausted myocardium.167

3
4
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D

Patients with VF or pulseless VT should be defibrillated immediately.
 Intravenous adrenaline/epinephrine should be used for the management of patients
with refractory VT/VF.
 Sternal reopening, internal heart massage and internal defibrillation should be
considered in patients with refractory VT/VF.
 Intravenous amiodarone should be considered for the management of patients with
refractory VT/VF.



 Cardiac tamponade following CABG surgery is a cause of cardiac arrest and should be
considered as a differential diagnosis.
 Should other methods fail, sternal reopening should be performed promptly for cardiac
arrest if the patient is in critical care and within 24 hours of surgery. Sternal reopening
after the first 24 hours in the general ward is unlikely to improve survival.
 The ability to institute cardiopulmonary bypass in the critical care area should be
available in all units undertaking coronary artery bypass grafting surgery.


		

Telemetric ECG monitoring of patients in the general ward allows early detection and
treatment of patients in VT/VF.

	Patients suffering VT/VF >48 hours after CABG should be considered for ICD
		
implantation.
5.5.1	biphasic versus monophasic defibrillation
There is a high incidence of VF (38%) after declamping the aorta during CABG surgery.168
In one high quality RCT biphasic defibrillation was more effective and used less energy than
monophasic defibrillation when cardioverting VF that occurred on declamping the aorta.168
A
		

5.6

1++

Biphasic defibrillation should be used to terminate ventricular fibrillation that occurs
on declamping the aorta.

preoperative information
No evidence was identified which related directly to the effectiveness of provision of information
on arrhythmias post CABG. A well conducted systematic review of a number of small, poor quality
studies did not identify any benefit for preoperative education in respect of medical outcomes
for CABG.169 Additionally, an RCT examining the impact of standardised preoperative education
on recovery following coronary artery bypass surgery found no difference in length of stay,
anxiety, pain, depression or well-being between control and intervention groups.170 However,
as described in SIGN guideline 93 on acute coronary syndromes and SIGN guideline 96 on
the management of stable angina there are a range of factors relating to information/education
needs of patients which should be considered by all health professionals in conjunction with
appropriate educational and psychological strategies.171,172

1+
4

	Preoperative information/education, including that related to arrhythmias, should be
		
tailored to individual patients’ needs.
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6	Psychosocial issues
6.1	introduction
Psychosocial outcomes in patients with arrhythmias have mainly been examined as an adjunct to
medical and mortality outcomes. Studies in this area often have methodological flaws and tend to
focus on a limited range of quality of life issues: looking at physical or activity functioning rather
than partner/family issues, memory difficulties and other psychosocial patient concerns.173,174
Psychological or emotional factors can influence and confound the incidence of cardiac
arrhythmia.175,176 Although anxiety and depressive disorders occur frequently in patients with
CHD they are rarely identified or managed in the cardiology setting. Some patients may have
had pre-existing mental health problems including depression (see SIGN guideline 97 on risk
estimation and the prevention of cardiovascular disease for discussion of depression as a risk
factor). 6 For other patients, cardiac ill health precipitates new anxieties, depression or cognitive
dysfunction (including poor memory and concentration) affecting their ability to participate in
treatment regimens and rehabilitation.177-179

6.2

1+

1+
2+

psychosocial assessment and screening
Physicians’ and nurses’ subjective judgements of patient anxiety are not as accurate as
measurements of anxiety on validated scales (see SIGN guideline 93 on acute coronary
syndromes).171 Standardised screening tools, such as the Hospital Anxiety and Depression Scale,
are useful in psychological assessment with referral of more complex cases to psychological or
other mental health services.179 Selective screening of cardiac patients for cognitive problems
will aid patient care post cardiac arrest and in older people where the relationship between
depression and cognitive impairment is complex.177,178,180

2+
4

D	Patients with chronic cardiac arrhythmias should be screened for anxiety or depressive
		
disorders with referral to specialist mental health services where appropriate.
D
		

6.3

Selective cognitive screening should be available especially for post arrest and older
cardiac patients experiencing persistent memory or other cognitive difficulties.

psychosocial issues for ICD recipients
Fifteen to 60% of ICD recipients experience high levels of distress around the time of surgery,
with anxiety and depression as the main emotional responses.181 Although ICD implantation
may relieve some of the fear of sudden death and is welcomed by most patients, it can impose
new fears that can affect return to normal life roles or function. Specific ICD related fears include
fear of shock, device malfunction or death. There may also be concerns around changes in
body image.174,182

1+

Lifestyle changes including reduced physical and sexual activity and enforced driving restrictions
can also have a negative impact on quality of life.174,182

1+

Psychosocial adjustment problems are more common in ICD recipients younger than age
50.174,182 Functional status, coping style, family problems and inadequate social support are also
associated with psychological adjustment.182 Repeated shock experiences are associated with poor
quality of life.110 The phenomenon of phantom shocks may also contribute to maladjustment to
ICD183,184 although evidence on the association of repeated shock experience with psychological
problems is inconclusive.182 Families and partners of the patient can experience similar fears
and anxiety: there are several case reports of family members becoming overprotective and
spouses exhibiting hypervigilant behaviours and reporting low marital satisfaction. There are
no large scale studies.181
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6 PSYCHOSOCIAL ISSUES

A meta-analysis found no difference in psychological outcome between patients with
ventricular arrhythmia treated with ICDs or medical therapy, or between pre and post implant
ICD patients.185 This highlights that poor psychosocial outcome in ICD patients may also be
associated with the underlying cardiac condition rather than a direct response to implantation
of the ICD device and its therapy.

2+

C	Psychosocial implications for people experiencing cardiac arrhythmias should be
		
considered by all healthcare staff throughout assessment, treatment and care.
	Psychosocial support for patients experiencing cardiac arrhythmias should not be restricted
		
to recipients of ICDs.

6.4	PSYCHOSOCIAL INTERVENTIONS
Psychological interventions can reduce anxiety and depression in patients with CHD as part of
comprehensive cardiac rehabilitation programmes.181 There is no evidence of effect on total or
cardiac mortality.186

2+

One systematic review and two subsequent RCTs provide evidence of benefit for programmes
incorporating cognitive behavioural therapy (CBT) in reducing anxiety and improving quality
of life specifically in patients with ICDs.182,187,188 SIGN guideline 57 on cardiac rehabilitation
recommends that staff delivering psychosocial interventions in cardiac rehabilitation should be
trained in CBT or similar techniques.179

1+
4

As patients with ICDs have similar secondary prevention, lifestyle change and educational
needs as other CHD patients it would be appropriate to include them as part of existing cardiac
rehabilitation services.189

4

B	Psychosocial intervention offered as part of a comprehensive rehabilitation programme
		
should encompass a cognitive behavioural component.

6.5

antidepressant medications in patients with coronary heart
disease
Clinical depression is a risk factor for cardiovascular mortality including cardiac arrest.190
Following acute MI,15-20% of patients develop depression, which has been shown to be
associated with increased mortality.36,191 Tricyclic antidepressant drugs are associated with risk
of cardiac arrhythmia and are considered to be contraindicated in acute myocardial infarction
(see British National Formulary, BNF; www.bnf.org).192,193 Selective serotonin reuptake inhibitors
have been shown to be safe and effective in patients following acute MI in randomised controlled
trials,191 but have not been shown to improve prognosis.36,194
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7

Sources of further information and support for
patients and carers
Action on Smoking and Health (ASH)
8 Frederick Street, Edinburgh EH2 2HB
Tel: 0131 225 4725 • Fax: 0131 225 4759
www.ash.org.uk • Email: ashscotland@ashscotland.org.uk
ASH Scotland is a voluntary organisation providing expert information and advice on all aspects
of tobacco. Provides a range of written information including advice on passive smoking, smoking
and young people, smoking cessation and smoking policies in the workplace.
Blood Pressure Association
60 Cranmer Terrace, London, SW17 0QS
Tel: 020 8772 4994 (Best time to telephone: 9.30am - 5.30pm, Monday to Friday)
Fax: 020 8772 4999
www.bloodpressureuk.org.uk
The Blood Pressure Association (BPA) helps people with high blood pressure to become
more involved in controlling their condition. Provides a range of information including
management of hypertension, medications, lifestyle changes and other risk factors.
British Cardiac Patients Association
BCPA Head Office, 2 Station Road, Swavesey, Cambridge, CB4 5QJ
Tel: 0800 479 2800 • Fax: 01954 202 022
www.bcpa.co.uk • Email: enquiries@bcpa.co.uk
The British Cardiac Patients Association is a charitable organisation run by volunteers providing
support, advice and information to cardiac patients and their carers.
British Heart Foundation (Scotland)
4 Shore Place, Edinburgh, EH6 6WW
Tel: 0131 555 5891 • Heart Information line: 08450 70 80 70
(Available: 9am-5pm, Monday to Friday)
www.bhf.org.uk • Email: scotland@bhf.org.uk
Provides a telephone information service for those seeking information on heart health issues.
Also provides a range of written materials offering advice and information to CHD patients and
carers. Topics include physical activity, smoking and diabetes.
Chest Heart and Stroke Scotland
65 North Castle Street, Edinburgh, EH2 3LT
Tel: 0131 225 6963 • Helpline: 0845 0776000
www.chss.org.uk • Email: admin@chss.org.uk
Provides a 24 hour advice line offering confidential, independent advice on all aspects of chest,
heart and stroke illness. A series of information booklets, factsheets and videos are available free
of charge to patients and carers. There are over 30 cardiac support groups in Scotland which are
affiliated to CHSS, patients can contact CHSS for details of their nearest local support group.
Depression Alliance Scotland
3 Grosvenor Gardens, Edinburgh, EH12 5JU
Tel: 0131 467 3050
www.depressionalliance.org • Email: info@dascot.org
Provides information and support for people in Scotland who have depression.
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Diabetes UK
10 Parkway, London, NW1 7AA
Tel: 020 7424 1000 • Careline: 0845 120 2960
(Best time to telephone: 9.30am - 5.30pm, Monday to Friday)
www.diabetes.org.uk • Email: careline@diabetes.org.uk
Diabetes UK is a national organisation providing information and advice on all aspects of diabetes
such as diabetic care and diet. Provides a series of information leaflets including Diabetes UK’s
own magazine Balance.
Heart Surgery in Great Britain
http://heartsurgery.healthcarecommission.org.uk/
This website has been developed by the Healthcare Commission and the Society for
Cardiothoracic Surgery in Great Britain and Ireland to help heart surgery patients make informed
choices about their treatment. It provides patients and carers with information on the different
operations available and the benefits of having heart surgery.
Heart UK
7 North Road, Maidenhead, Berkshire, SL6 1PE
Tel: 01628 628 638 (Best time to telephone: 9.30am - 4pm, Monday to Friday)
Fax: 01628 628 698
www.heartuk.org.uk • Email: ask@heartuk.org.uk
Heart UK is a national charity aiming to offer information and support to anyone at high risk
of CHD, particularly families with inherited high cholesterol. Provides a range of information
including management of CHD by lifestyle, drugs and diet.
High Blood Pressure Foundation
Department of Medical Sciences, Western General Hospital, Edinburgh, EH4 2XU
Tel: 0131 332 9211 (Best time to telephone: 9.30am - 5pm, Monday to Friday)
Fax: 0131 332 9211
www.hbpf.org.uk • Email: hbpf@hbpf.org.uk
The High Blood Pressure Foundation is a registered charity which aims to improve the assessment,
treatment and public awareness of high blood pressure. Provides a range of information leaflets
including understanding high blood pressure and cholesterol and cardiovascular risk.
Implanted Defibrillator Association of Scotland
10 Selkirk Avenue, Paisley, PA2 8JF
Tel: 01505 813 995
Email: hanheart@aol.com
This group provides information, advice and practical support to patients who have implantable
defibrillators.
Mental Health Foundation (Scotland)
Merchant’s House, 30 George Square, Glasgow, G2 1EG
Tel: 0141 572 0125
www.mentalhealth.org.uk • Email: Scotland@mhf.org.uk
The Mental Health Foundation helps people prevent, cope with and recover from mental
health problems. Provides a range of factsheets on mental health issues including anxiety and
depression.

25

Cardiac arrhythmias in coronary heart disease

NHS Health Scotland
Woodburn House, Canaan Lane, Edinburgh, EH10 4SG
Tel: 0131 536 5500 • Textphone: 0131 535 5503 • Fax: 0131 535 5501
www.hebs.com • Email: publications@health.scot.org.uk (information on obtaining Health
Scotland publications); library.enquiries@health.scot.nhs.uk (help with general health
information enquiries)
NHS Health Scotland is a special health board within NHSScotland. The organisation provides
information on projects, publications, support groups and information leaflets relating to
CHD.
NHS 24
Tel: 08454 24 24 24
www.nhs24.com
NHS 24 is a nurse-led service for members of the public. It is a helpline offering health
information, advice and help over the telephone.
Scotland’s Health on the Web
www.show.scot.nhs.uk
This website provides public access to publications relating to CHD such as the strategy for
CHD and stroke in Scotland.
Scottish Association for Mental Health (SAMH)
Cumbrae House, 15 Carlton Court, Glasgow, G5 9JP
Tel: 0141 568 7000 (Best time to telephone: 2pm - 4.30pm, Monday to Friday)
www.samh.org.uk • Email: enquire@samh.org.uk
Provides patients and carers with information on all aspects of mental health.
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8

Implementation, audit and research

8.1

local implementation
Implementation of national clinical guidelines is the responsibility of each NHS Board and is
an essential part of clinical governance. It is acknowledged that every Board cannot implement
every guideline immediately on publication, but mechanisms should be in place to ensure
that the care provided is reviewed against the guideline recommendations and the reasons for
any differences assessed and, where appropriate, addressed. These discussions should involve
both clinical staff and management. Local arrangements may then be made to implement the
national guideline in individual hospitals, units and practices, and to monitor compliance. This
may be done by a variety of means including patient-specific reminders, continuing education
and training, and clinical audit.

8.2

key points for audit
ISD Scotland’s CHD and Stroke National Clinical Datasets Development Programmes are
working to develop national standard datasets for implementation in IT systems supporting
patient care. The following clinical datasets have been developed and are available at
www.datadictionary.scot.nhs.uk






CHD core
Acute coronary syndromes
Cardiac rehabilitation
Heart failure
Electrophysiology.

8.3	recommendations for research
 Investigation of the impact of various types of arrhythmia treatment on the family/partner,
potential cognitive dysfunction and effect of repeated shocks/unexplained shock experiences
in ICD recipients
 Needs assessment of training in CPR
 Effectiveness of prophylaxis for arrhythmias in high risk patients undergoing cardiac
surgery assessed on outcomes of stroke, intensive care unit admission, length of stay and
cost effectiveness.

8.4

additional advice to nhsscotland from NHS qis and the scottish
medicines consortium

8.4.1	

NHS qis approved Nice mtas
NICE technology appraisal guidance no. 95. Implantable cardioverter defibrillators for
arrhythmias.195

8.4.2

SMC advice
The Scottish Medicines Consortium has issued advice on the use of eplerenone after myocardial
infarction.
Further details are available from www.scottishmedicines.org.uk
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9

Development of the guideline

9.1	introduction
SIGN is a collaborative network of clinicians, other healthcare professionals and patient
organisations and is part of NHS Quality Improvement Scotland. SIGN guidelines are developed
by multidisciplinary groups of practising clinicians using a standard methodology based on a
systematic review of the evidence. Further details about SIGN and the guideline development
methodology are contained in “SIGN 50: A Guideline Developer’s Handbook”, available at
www.sign.ac.uk

9.2	the guideline development group
Professor Stuart Cobbe 			
(Chair)
Professor Andrew Rankin
(Secretary)
Dr R Peter Alston			
				
Mr Geoff Berg				
				
Mr Ian Colquhoun			
				
Ms Joyce Craig				
				
Dr Mark Francis				
Dr Stephen Glen			
Mr Michael Hanley			
Mr Malcolm McDonald		
Mr Rod Moore				
Dr Noelle Murphy			
				
Dr Morag Osborne			
				
Dr Terry Pringle				
Mrs Mary Richardson			
Professor David Stott 			
Dr Lorna Thompson			
Ms Joanna Welsh 			
Dr Peter Wimpenny			
				
Dr Simon Woldman			
				

Consultant Cardiologist, Glasgow Royal Infirmary
Consultant Cardiologist, Glasgow Royal Infirmary
Consultant, Department of Anaesthesia, Critical Care and
Pain Medicine, Royal Infirmary of Edinburgh
Clinical Director of Cardiac Surgery,
Western Infirmary, Glasgow
Consultant in Cardiothoracic Surgery,
Glasgow Royal Infirmary
Senior Health Economist,
NHS Quality Improvement Scotland, Glasgow
Consultant Cardiologist, Victoria Hospital, Fife
Consultant Cardiologist, Stirling Royal Infirmary
Lay Representative, Paisley
Lay Representative, Angus (deceased)
Clinical Lead, Scottish Ambulance Service, Falkirk
Consultant in Accident and Emergency,
Raigmore Hospital, Inverness
Consultant Clinical Psychologist,
Southern General Hospital, Glasgow
Consultant Cardiologist, Ninewells Hospital, Dundee
Heartstart UK Manager, British Heart Foundation, Edinburgh
Professor of Geriatric Medicine, Glasgow Royal Infirmary
Programme Manager, SIGN
Information Officer, SIGN
Associate Director, Joanna Briggs Collaborating Centre,
The Robert Gordon University, Aberdeen
Consultant Cardiologist,
University College London Hospitals

The membership of the guideline development group was confirmed following consultation
with the member organisations of SIGN. All members of the guideline development group
made declarations of interest and further details of these are available on request from the SIGN
Executive. Guideline development and literature review expertise, support and facilitation were
provided by the SIGN Executive.
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9.3	the steering group
A steering group comprising the chairs of the five SIGN CHD guidelines and other invited
experts was established to oversee the progress of guideline development. This group met
regularly throughout the development of the guidelines.
Dr Kevin Jennings			
				
Professor Lewis Ritchie			
				
Dr Alan Begg				
Dr Nick Boon				
Ms Marjory Burns			
Mr David Clark				
Professor Stuart Cobbe			
Ms Joyce Craig				
				
Dr Iain Findlay				
Professor Keith Fox			
Dr James Grant				
Mr James Grant				
Dr Grace Lindsay			
				
Dr Moray Nairn				
Professor Allan Struthers
Dr Lorna Thompson			

Co-chair and Consultant Cardiologist,
Aberdeen Royal Infirmary
Co-chair and Mackenzie Professor of
General Practice, University of Aberdeen
Chair of SIGN stable angina guideline
Consultant Cardiologist, Royal Infirmary of Edinburgh
Director for Scotland, British Heart Foundation
Chief Executive, Chest, Heart and Stroke Scotland
Chair of SIGN arrhythmias guideline
Senior Health Economist,
NHS Quality Improvement Scotland
Chair of SIGN acute coronary syndromes guideline
Professor of Cardiology, University of Edinburgh
Chair of SIGN prevention guideline
Lay representative, Balerno
Reader in Clinical Nursing Research,
Glasgow Caledonian University
Programme Manager, SIGN
Chair of SIGN chronic heart failure guideline
Programme Manager, SIGN

9.4	systematic literature review
The evidence base for this guideline was synthesised in accordance with SIGN methodology.
A systematic review of the literature was carried out using a search strategy devised by a SIGN
Information Officer. Databases searched include Medline, Embase, Cinahl, PsychINFO, and the
Cochrane Library. For most searches, the year range covered was 1999-2005. Internet searches
were carried out on various websites including the New Zealand Guidelines Programme, NELH
Guidelines Finder, and the US National Guidelines Clearinghouse. The Medline version of the
main search strategies can be found on the SIGN website, in the section covering supplementary
guideline material. The main searches were supplemented by material identified by individual
members of the development group.

9.5	consultation and peer review
9.5.1	national open meeting
A national open meeting is the main consultative phase of SIGN guideline development, at
which the guideline development group presents its draft recommendations for the first time.
The national open meeting for the five parallel SIGN guidelines on aspects of coronary heart
disease was held on 16 September 2005 and was attended by over 600 representatives of
all the key specialties relevant to the guideline. The draft guideline was also available on the
SIGN website for a limited period at this stage to allow those unable to attend the meeting to
contribute to the development of the guideline.
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9.5.2	specialist review
This guideline was also reviewed in draft form by the following independent expert referees,
who were asked to comment primarily on the comprehensiveness and accuracy of interpretation
of the evidence base supporting the recommendations in the guideline. SIGN is very grateful
to all of these experts for their contribution to the guideline.
Dr Chris D Baker			
Professor Christine Bond
				
				
Professor A John Camm			
				
Dr Michael C Colquhoun
				
Dr Mohamed Elfellah			
Professor Clifford Garratt
Mrs Gillian A Jardine 			
Dr Colville Laird				
Ms Susan Kinsey				
Dr James Leask				
Dr Alistair Macfie			
Dr Janet McComb 			
				
Dr Jerry Nolan				
				
Dr David Smith				
				
Dr Ellis J Simon				
				
Ms Nicola Stuckey			
				

General Practitioner, Carlisle
Consultant in Pharmaceutical Public Health,
Department of General Practice and Primary Care,
University of Aberdeen
Professor of Clincal Cardiology,
St George’s Hospital Medical School, University of London
Senior Lecturer, Department of Epidemiology,
Statistics and Public Health, Cardiff University
Pharmacist, Aberdeen Royal Infirmary
Professor of Cardiology, Manchester Heart Centre
Principal Pharmacist – Clinical Services, Ayr Hospital
Chairman, BASICS Scotland, Perthshire
Lay representative
General Practitioner, Campbeltown
Consultant Anaesthetist, Western Infirmary, Glasgow
Consultant Cardiologist, Freeman Hospital,
Newcastle upon Tyne
Consultant in Anaesthesia and Intensive Care Medicine, 		
Royal United Hospital, Bath
Consultant/Senior Lecturer in Anaesthetics,
Southampton General Hospital
Consultant Cardiothoracic Anaesthetist,
Royal Infirmary of Edinburgh
Head of Clinical Psychology,
Astley Ainslie Hospital, Edinburgh

9.5.3	sign editorial group
As a final quality control check, the guideline was reviewed by an editorial group comprising
members of SIGN Council to ensure that the specialist reviewers’ comments have been addressed
adequately and that any risk of bias in the guideline development process as a whole has been
minimised. The editorial group for this guideline was as follows.
Dr Keith Brown				
Dr Kevin Jennings			
				
Professor Gordon Lowe		
Ms Anne Matthew			
Dr Safia Qureshi				
Professor Lewis Ritchie			
				
Dr Sara Twaddle				
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Member of SIGN Council
Co-chair SIGN CHD Steering Group and
Consultant Cardiologist, Aberdeen Royal Infirmary
Chair of SIGN; Co-Editor
Member of SIGN Council
SIGN Programme Director; Co-Editor
Co-chair SIGN CHD Steering Group and Mackenzie 		
Professor of General Practice, University of Aberdeen
Director of SIGN; Co-Editor
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9.6
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Abbreviations and definitions
AADs			

Anti-arrhythmic drugs

ACE			

Angiotensin converting enzyme

AED			

Automated external defibrillator

AF			

Atrial fibrillation

ARR			

Absolute risk reduction

AV			

Atrioventricular

AVID			

Antiarrhythmics Versus Implantable Defibrillators

BNF			

British National Formulary

CABG			

Coronary artery bypass graft

CABG-PATCH		
			

Coronary Artery Bypass Graft Surgery with/without Simultaneous 		
Epicardial Patch for Automatic Implantable Cardioverter Defibrillator

CASH			

Cardiac Arrest Study Hamburg

CBT			

Cognitive behavioural therapy

CHD			

Coronary heart disease

CHF			

Congestive heart failure

CI			

Confidence interval

CIDS			

Canadian Implantable Defibrillator Study

COMPANION		
			

Comparison of medical therapy, pacing, and defibrillation in chronic
heart failure

COPD			

Chronic obstructive pulmonary disease

CoSTR			
Consensus on Cardiopulmonary Resuscitation and Emergency 		
			Cardiovascular Care Science with Treatment Recommendations
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CPB			

Cardiopulmonary bypass

CPR			

Cardiopulmonary resuscitation

CRT			

Cardiac resynchronisation therapy

CRT-D			

Cardiac resynchronisation therapy + defibrillator

DC			

Direct current

DINAMIT		

Defibrillator in acute myocardial infarction trial

DLCO			

Diffusing capacity of the lung for carbon monoxide (transfer factor)

ECG			

Electrocardiogram

EPS			

Electrophysiology study

HAT			

Home AED trial

ICD			

Implantable cardioverter defibrillator

IV			

Intravenous

LV			

Left ventricular

LVEF			

Left ventricular ejection fraction

MADIT		

Multicenter automatic defibrillator implantation trial

ABBREVIATIONS AND DEFINITIONS

MI			

Myocardial infarction

MTA			

Multiple technology appraisal

MUSTT		

Multicenter Unsustained Tachycardia Trial

NHS			

National Health Service

NICE			

National Institute for Health and Clinical Excellence

NSAIDs		

Non-steroidal anti-inflamatory drugs

NYHA			

New York Heart Association

PEA			

Pulseless electrical activity

PUFAs			

Polyunsaturated fatty acids

QoL			

Quality of life

QRS complex		
			

The principal deflection in the electrocardiogram, representing 		
ventricular depolarisation

QT interval		
			
			

The time elapsing from the beginning of the QRS complex to the end
of the T wave in an electrocardiogram, representing the total 		
duration of electrical activity of the ventricles

RCT			

Randomised controlled trial

ROSC			

Return of spontaneous circulation

RRR			

Relative risk reduction

SCD			

Sudden cardiac death

SCD-HEFT		

Sudden cardiac death in heart failure

SMC			

Scottish Medicines Consortium

STEMI			

ST elevation myocardial infarction

VF			

Ventricular fibrillation

VT			

Ventricular tachycardia
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Annex 1
Vaughan Williams classification of anti-arrhythmic
drugs
196,197

In this system drugs are classified according to their effects on the electrical behaviour of
myocardial cells during activity:
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Class Ia, b, c: membrane stabilising drugs (eg quinidine, lidocaine, flecainide respectively)
Class II: beta blockers
Class III: amiodarone and sotalol (also Class II)
Class IV: calcium channel blockers (includes verapamil but not dihydropyridines)

ANNEXES

Annex 2
NYHA classification of symptoms of heart failure

198

New York Heart Association classification
			

Class

Symptoms

I
		

No limitation: ordinary physical exercise does not cause undue fatigue, dyspnoea
or palpitations

II
		

Slight limitation of physical activity: comfortable at rest but ordinary activity
results in fatigue, palpitations or dyspnoea

III
		

Marked limitation of physical activity: comfortable at rest but less than ordinary
activity results in symptoms

IV	Unable to carry out any physical activity without discomfort: symptoms of heart
		
failure are present even at rest with increased discomfort with any physical
		
activity.

35

Cardiac arrhythmias in coronary heart disease

References
1	

Scottish Intercollegiate Guidelines Network (SIGN). Antithrombotic
therapy. Edinburgh: SIGN; 1999. (SIGN publication no. 36). [cited 30
October 2006]. Available from url: http://www.sign.ac.uk
2	Resuscitation Council (UK). Resuscitation Guidelines. London:
Resuscitation Council (UK); 2005. [cited 2 November 2006]. Available
from url: http://www.resus.org.uk/pages/guide.htm
3
International Liaison Committee on Resuscitation. International
Consensus on Cardiopulmonary Resuscitation (CPR) and Emergency
Cardiovascular Care (ECC) Science with Treatment Recommendations.
Circulation 2005;112(22 suppl 1).
4	Priori SG, Aliot E, Blomstrom-Lundqvist C, Bossaert L, Breithardt G,
Brugada P, et al. Task Force on Sudden Cardiac Death of the European
Society of Cardiology. Eur Heart J 2001;22(16):1374-450.
5	Lemaitre RN, Siscovick DS, Raghunathan TE, Weinmann S, Arbogast
P, Lin DY. Leisure-time physical activity and the risk of primary cardiac
arrest. Arch Intern Med 1999;159(7):686-90..
6
Scottish Intercollegiate Guidelines Network (SIGN). Risk estimation
and the prevention of cardiovascular disease. Edinburgh: SIGN; 2007.
(SIGN publication no. 97). Available from url: http://www.sign.ac.uk
7
Holmberg M, Holmberg S, Herlitz J. Effect of bystander cardiopulmonary
resuscitation in out-of-hospital cardiac arrest patients in Sweden.
Resuscitation 2000;47(1):59-70.
8
International Consensus on Cardiopulmonary Resuscitation (CPR)
and Emergency Cardiovascular Care (ECC) Science with Treatment
Recommendations. Worksheet 182A: Rodgers. Circulation 2005;112
(22 suppl 1). [cited 8 Nov 2006]. Available from url: http://circ.
ahajournals.org/cgi/content/full/CIRCULATIONAHA.105.170522/
DC310
9
International Consensus on Cardiopulmonary Resuscitation (CPR)
and Emergency Cardiovascular Care (ECC) Science with Treatment
Recommendations. Worksheets 184A(Young) & 184B(Dennet).
Circulation 2005;112 (22 suppl 1). [cited 8 Nov 2006]. Available from
url: http://circ.ahajournals.org/cgi/content/full/112/22_suppl/b1/DC1
10
Groeneveld PW, Owens DK. Cost-effectiveness of training unselected
laypersons in cardiopulmonary resuscitation and defibrillation. Am J
Med 2005;118(1):58-67.
11	 Guidelines 2000 for Cardiopulmonary Resuscitation and Emergency
Cardiovascular Care. Circulation 2000;102 (8 suppl).
12
Nichol G, Stiell IG, Laupacis A, Pham B, De Maio VJ, Wells GA. A
cumulative meta-analysis of the effectiveness of defibrillator-capable
emergency medical services for victims of out-of-hospital cardiac arrest.
Ann Emerg Med 1999;34(4 I):517-25.
13
International Consensus on Cardiopulmonary Resuscitation (CPR)
and Emergency Cardiovascular Care (ECC) Science with Treatment
Recommendations. Worksheet 177 (Gazmuri, Mosesso, de Paiva,
Bossaert) & 68 (Gazmuri, Mosesso, de Paiva, Bossaert). Circulation
2005;112 (22 suppl 1). [cited 8 Nov 2006]. Available from url: http://
circ.ahajournals.org/cgi/content/full/112/22_suppl/b1/DC1
14
International Consensus on Cardiopulmonary Resuscitation (CPR)
and Emergency Cardiovascular Care (ECC) Science with Treatment
Recommendations. Worksheet 61B (Morley) & 172 (Kern Robertson).
Circulation 2005;112 (22 suppl 1). [cited 8 Nov 2006]. Available from
url: http://circ.ahajournals.org/cgi/content/full/112/22_suppl/b1/DC1
15
van Alem AP, Vrenken RH, de Vos R, Tijssen JG, Koster RW. Use of
automated external defibrillator by first responders in out of hospital
cardiac arrest: prospective controlled trial. BMJ 2003;327(7427):1312.
[published erratum appears in BMJ 2004; 328(7436):396.]
16
Stiell IG, Wells GA, Field BJ, Spaite DW, De Maio VJ, Ward R, et al.
Improved out-of-hospital cardiac arrest survival through the inexpensive
optimization of an existing defibrillation program: OPALS study phase
II. Ontario Prehospital Advanced Life Support. JAMA 1999;281(13):
1175-81.
17
International Consensus on Cardiopulmonary Resuscitation (CPR)
and Emergency Cardiovascular Care (ECC) Science with Treatment
Recommendations. Worksheet 174 (Lurie Koster) & 175 (Lurie Koster).
Circulation 2005;112 (22 suppl 1). [cited 8 Nov 2006]. Available from
url: http://circ.ahajournals.org/cgi/content/full/112/22_suppl/b1/DC1
18
Davies CS, Colquhoun MC, Boyle R, Chamberlain DA. A national
programme for on-site defibrillation by lay people in selected high risk
areas: initial results. Heart 2005;91(10):1299-302.
19
Groeneveld PW, Kwong JL, Liu Y, Rodriguez AJ, Jones MP, Sanders
GD, et al. Cost-effectiveness of automated external defibrillators on
airlines. JAMA 2001;286(12):1482-9.
20
Forrer CS, Swor RA, Jackson RE, Pascual RG, Compton S, McEachin C.
Estimated cost effectiveness of a police automated external defibrillator
program in a suburban community: 7 years experience. Resuscitation
2002;52(1):23-9.

36

21	

Hallstrom AP, Ornato JP, Weisfeldt M, Travers A, Christenson J,
McBurnie MA, et al. Public Access Defibrillation Trial Investigators.
Public-access defibrillation and survival after out-of-hospital cardiac
arrest. N Engl J Med 2004;351(7):637-46.
22	Capucci A, Aschieri D, Piepoli MF, Bardy GH, Iconomu E, Arvedi M.
Tripling survival from sudden cardiac arrest via early defibrillation
without traditional education in cardiopulmonary resuscitation.
Circulation 2002;106(9):1065-70.
23
Walker A, Sirel JM, Marsden AK, Cobbe SM, Pell JP. Cost effectiveness
and cost utility model of public place defibrillators in improving survival
after prehospital cardiopulmonary arrest. BMJ 2003;327(7427):1316.
24
Nichol G, Valenzuela T, Roe D, Clark L, Huszti E, Wells GA. Cost
effectiveness of defibrillation by targeted responders in public settings.
Circulation 2003;108(6):697-703.
25	Cram P, Vijan S, Fendrick AM. Cost-effectiveness of automated external
defibrillator deployment in selected public locations. J Gen Intern Med
2003;18(9):745-54.
26
Vandycke C, Martens P. High dose versus standard dose epinephrine
in cardiac arrest - a meta-analysis. Resuscitation 2000;45(3):161-6.
27
Koshman SL, Zed PJ, Abu-Laban RB. Vasopressin in cardiac arrest. Ann
Pharmacother 2005;39(10):1687-92.
28
International Consensus on Cardiopulmonary Resuscitation (CPR)
and Emergency Cardiovascular Care (ECC) Science with Treatment
Recommendations. Worksheet 83A (Haukoos, Paradis) & 83I (Gervais).
Circulation 2005;112 (22 suppl 1). [cited 8 Nov 2006]. Available from
url: http://circ.ahajournals.org/cgi/content/full/112/22_suppl/b1/DC1
29
International Consensus on Cardiopulmonary Resuscitation (CPR)
and Emergency Cardiovascular Care (ECC) Science with Treatment
Recommendations. Worksheet 88 (Domanovits). Circulation
2005;112(22 suppl 1). [cited 8 Nov 2006]. Available from url: http://
circ.ahajournals.org/cgi/content/full/CIRCULATIONAHA.105.170522/
DC153
30
2005 American Heart Association Guidelines for Cardiopulmonary
Resuscitation and Emergency Cardiovascular Care. Circulation
2005;112 (24 suppl 1)
31
Tzivoni D, Banai S, Schuger C, Benhorin J, Keren A, Gottlieb S, et al.
Treatment of torsade de pointes with magnesium sulfate. Circulation
1988;77(2):392-7.
32	Peberdy MA, Kaye W, Ornato JP, Larkin GL, Nadkarni V, Mancini ME,
et al. Cardiopulmonary resuscitation of adults in the hospital: a report
of 14720 cardiac arrests from the National Registry of Cardiopulmonary
Resuscitation. Resuscitation 2003;58(3):297-308.
33
International Consensus on Cardiopulmonary Resuscitation (CPR)
and Emergency Cardiovascular Care (ECC) Science with Treatment
Recommendations. Worksheet 91 (Lim Swee Han). Circulation
2005;112 (22 suppl 1). [cited 8 Nov 2006]. Available from url: http://
circ.ahajournals.org/cgi/content/full/CIRCULATIONAHA.105.170522/
DC156
34	Love JN, Sachdeva DK, Bessman ES, Curtis LA, Howell JM. A potential
role for glucagon in the treatment of drug-induced symptomatic
bradycardia. Chest 1998;114(1):323-6.
35
Wong CK, White HD, Wilcox RG, Criger DA, Califf RM, Topol EJ, et
al. Management and outcome of patients with atrial fibrillation during
acute myocardial infarction: the GUSTO-III experience. Global use of
strategies to open occluded coronary arteries. Heart 2002;88(4):35762.
36
Antman EM, Armstrong PW, Bates ER, Green LA, Hand M, Hochman
JS, et al. ACC/AHA guidelines for the management of patients with
ST-elevation myocardial infarction: a report of the American College
of Cardiology/American Heart Association Task Force on Practice
Guidelines. 2004. [cited 2 November 2006]. Available from url: http://
circ.ahajournals.org/cgi/reprint/110/9/e82.pdf
37
Asanin M, Perunicic J, Mrdovic I, Matic M, Vujisic-Tesic B, Arandjelovic
A, et al. Significance of recurrences of new atrial fibrillation in acute
myocardial infarction. Int J Cardiol 2006;109(2):235-40.
38
McMurray J, Kober L, Robertson M, Dargie H, Colucci W, Lopez-Sendon
J, et al. Antiarrhythmic effect of carvedilol after acute myocardial
infarction: results of the Carvedilol Post-Infarct Survival Control in
Left Ventricular Dysfunction (CAPRICORN) trial. J Am Coll Cardiol
2005;45(4):525-30.
39	Pedersen OD, Bagger H, Kober L, Torp-Pedersen C. Trandolapril reduces
the incidence of atrial fibrillation after acute myocardial infarction in
patients with left ventricular dysfunction. Circulation 1999;100(4):
376-80.
40	Cowan JC, Gardiner P, Reid DS, Newell DJ, Campbell RW. A
comparison of amiodarone and digoxin in the treatment of atrial
fibrillation complicating suspected acute myocardial infarction. J
Cardiovasc Pharmacol 1986;8(2):252-6.
41	 Kilborn MJ, Rathore SS, Gersh BJ, Oetgen WJ, Solomon AJ. Amiodarone
and mortality among elderly patients with acute myocardial infarction
with atrial fibrillation. Am Heart J 2002;144(6):1095-101.

REFERENCES

42

The Cardiac Arrhythmia Suppression Trial (CAST) Investigators.
Preliminary report: effect of encainide and flecainide on mortality in a
randomized trial of arrhythmia suppression after myocardial infarction.
N Engl J Med 1989;321(6):406-12.
43
Van de Werf F, Ardissino D, Betriu A, Cokkinos DV, Falk E, Fox KA, et
al. Management of acute myocardial infarction in patients presenting
with ST-segment elevation. The Task Force on the Management of Acute
Myocardial Infarction of the European Society of Cardiology. Eur Heart
J 2003;24(1):28-66.
44
Fuster V, Ryden LE, Cannom DS, Crijns HJ, Curtis AB, Ellenbogen KA, et
al. ACC/AHA/ESC guidelines for the management of patients with atrial
fibrillation: A report of the American College of Cardiology/American
Heart Association Task Force on Practice Guidelines and the European
Society of Cardiology Committee for Practice Guidelines and Policy
Conferences (Committee to Develop Guidelines for the Management
of Patients With Atrial Fibrillation) Developed in Collaboration With
the North American Society of Pacing and Electrophysiology. J Am Coll
Cardiol 2001;38(4):1266.
45
Heidbuchel H, Tack J, Vanneste L, Ballet A, Ector H, Van de Werf F.
Significance of arrhythmias during the first 24 hours of acute myocardial
infarction treated with alteplase and effect of early administration of a
beta-blocker or a bradycardiac agent on their incidence. Circulation
1994;89(3):1051-9.
46
Sayer JW, Archbold RA, Wilkinson P, Ray S, Ranjadayalan K, Timmis
AD. Prognostic implications of ventricular fibrillation in acute
myocardial infarction: new strategies required for further mortality
reduction. Heart 2000;84(3):258-61.
47
Volpi A, Cavalli A, Santoro L, Negri E. Incidence and prognosis of early
primary ventricular fibrillation in acute myocardial infarction--results
of the Gruppo Italiano per lo Studio della Sopravvivenza nell’Infarto
Miocardico (GISSI-2) database. Am J Cardiol 1998;82(3):265-71.
48
Newby KH, Thompson T, Stebbins A, Topol EJ, Califf RM, Natale A.
Sustained ventricular arrhythmias in patients receiving thrombolytic
therapy: incidence and outcomes. The GUSTO Investigators. Circulation
1998;98(23):2567-73.
49
Al-Khatib SM, Stebbins AL, Califf RM, Lee KL, Granger CB, White HD,
et al. Sustained ventricular arrhythmias and mortality among patients
with acute myocardial infarction: results from the GUSTO-III trial. Am
Heart J 2003;145(3):515-21.
50
Ruiz-Bailen M, Aguayo de Hoyos E, Ruiz-Navarro S, Issa-Khozouz Z,
Reina-Toral A, Diaz-Castellanos MA, et al. Ventricular fibrillation in
acute myocardial infarction in Spanish patients: Results of the ARIAM
database. Crit Care Med 2003;31(8):2144-51.
51
Thompson CA, Yarzebski J, Goldberg RJ, Lessard D, Gore JM, Dalen
JE. Changes over time in the incidence and case-fatality rates of primary
ventricular fibrillation complicating acute myocardial infarction:
perspectives from the Worcester Heart Attack Study. Am Heart J
2000;139(6):1014-21.
52
Hohnloser SH, Kuck KH, Dorian P, Roberts RS, Hampton JR, Hatala
R, et al. Prophylactic use of an implantable cardioverter-defibrillator
after acute myocardial infarction. DINAMIT Investigators. N Engl J Med
2004;351(24):2481-8.
53
Al-Khatib SM, Granger CB, Huang Y, Lee KL, Califf RM, Simoons
ML, et al. Sustained ventricular arrhythmias among patients with
acute coronary syndromes with no ST-segment elevation: incidence,
predictors, and outcomes. Circulation 2002;106(3):309-12.
54
Boissel JP, Castaigne A, Mercier C, Lion L, Leizorovicz A. Ventricular
fibrillation following administration of thrombolytic treatment. The
EMIP experience. European Myocardial Infarction Project. Eur Heart J
1996;17(2):213-21.
55
Freemantle N, Cleland J, Young P, Mason J, Harrison J. beta Blockade
after myocardial infarction: systematic review and meta regression
analysis. BMJ 1999;318(7200):1730-7.
56
Domanski MJ, Exner DV, Borkowf CB, Geller NL, Rosenberg Y, Pfeffer
MA. Effect of angiotensin converting enzyme inhibition on sudden
cardiac death in patients following acute myocardial infarction. A metaanalysis of randomized clinical trials. J Am Coll Cardiol 1999;33(3):598604.
57	Chen ZM, Pan HC, Chen YP, Peto R, Collins R, Jiang LX, et al.
Early intravenous then oral metoprolol in 45,852 patients with
acute myocardial infarction: randomised placebo-controlled trial.
COMMIT (ClOpidogrel and Metoprolol in Myocardial Infarction Trial)
collaborative group. Lancet 2005;366(9497):1622-32.
58
Sadowski ZP, Alexander JH, Skrabucha B, Dyduszynski A, Kuch J,
Nartowicz E, et al. Multicenter randomized trial and a systematic
overview of lidocaine in acute myocardial infarction. Am Heart J
1999;137(5):792-8.
59
Amiodarone Trials Meta-Analysis Investigators. Effect of prophylactic
amiodarone on mortality after acute myocardial infarction and in
congestive heart failure: meta-analysis of individual data from 6500
patients in randomised trials. Lancet 1997;350(9089):1417-24.

60

Dietary supplementation with n-3 polyunsaturated fatty acids and
vitamin E after myocardial infarction: results of the GISSI-Prevenzione
trial. Gruppo Italiano per lo Studio della Sopravvivenza nell’Infarto
miocardico. Lancet 1999;354(9177):447-55.
61	 Hooper L, Thompson RL, Harrison RA, Summerbell CD, Moore H,
Worthington HV, et al. Omega 3 fatty acids for prevention and treatment
of cardiovascular disease (Cochrane Review). In: The Cochrane Library,
Issue 3, 2004. London: John Wiley & Sons Ltd.
62	Leaf A, Jorgensen MB, Jacobs AK, Cote G, Schoenfeld DA, Scheer J, et
al. Do fish oils prevent restenosis after coronary angioplasty? Circulation
1994;90(5):2248-57.
63	Leaf A, Albert CM, Josephson M, Steinhaus D, Kluger J, Kang JX, et al.
Prevention of fatal arrhythmias in high-risk subjects by fish oil n-3 fatty
acid intake. Circulation 2005;112(18):2762-8.
64	Raitt MH, Connor WE, Morris C, Kron J, Halperin B, Chugh SS, et al. Fish
oil supplementation and risk of ventricular tachycardia and ventricular
fibrillation in patients with implantable defibrillators: a randomized
controlled trial. JAMA 2005;293(23):2884-91.
65
Brouwer IA, Zock PL, Camm AJ, Bocker D, Hauer RN, Wever EF, et al.
Effect of fish oil on ventricular tachyarrhythmia and death in patients
with implantable cardioverter defibrillators: the Study on Omega-3
Fatty Acids and Ventricular Arrhythmia (SOFA) randomized trial. JAMA
2006;295(22):2613-9.
66
Pitt B, Remme W, Zannad F, Neaton J, Martinez F, Roniker B, et
al. Eplerenone, a selective aldosterone blocker, in patients with left
ventricular dysfunction after myocardial infarction. N Engl J Med
2003;348(14):1309-21.
67
Makikallio TH, Barthel P, Schneider R, Bauer A, Tapanainen JM, Tulppo
MP, et al. Prediction of sudden cardiac death after acute myocardial
infarction: role of Holter monitoring in the modern treatment era. Eur
Heart J 2005;26(8):762-9.
68
Bailey JJ, Berson AS, Handelsman H, Hodges M. Utility of current
risk stratification tests for predicting major arrhythmic events after
myocardial infarction. J Am Coll Cardiol 2001;38(7):1902-11.
69
Jordaens L, Tavernier R. Determinants of sudden death after discharge
from hospital for myocardial infarction in the thrombolytic era. Eur
Heart J 2001;22(14):1214-25.
70
Huikuri HV, Tapanainen JM, Lindgren K, Raatikainen P, Makikallio
TH, Juhani Airaksinen KE, et al. Prediction of sudden cardiac death
after myocardial infarction in the beta-blocking era. J Am Coll Cardiol
2003;42(4):652-8.
71	 Go AS, Hylek EM, Phillips KA, Chang Y, Henault LE, Selby JV, et
al. Prevalence of diagnosed atrial fibrillation in adults: national
implications for rhythm management and stroke prevention: the
AnTicoagulation and Risk Factors in Atrial Fibrillation (ATRIA) Study.
JAMA 2001;285(18):2370-5.
72
Healey JS, Baranchuk A, Crystal E, Morillo CA, Garfinkle M, Yusuf S, et
al. Prevention of atrial fibrillation with angiotensin-converting enzyme
inhibitors and angiotensin receptor blockers: a meta-analysis. J Am Coll
Cardiol 2005;45(11):1832-9.
73
Anand K, Mooss AN, Hee TT, Mohiuddin SM. Meta-analysis: inhibition
of renin-angiotensin system prevents new-onset atrial fibrillation. Am
Heart J 2006;152(2):217-22.
74
Singh BN, Singh SN, Reda DJ, Tang XC, Lopez B, Harris CL, et al.
Amiodarone versus sotalol for atrial fibrillation. Sotalol Amiodarone
Atrial Fibrillation Efficacy Trial (SAFE-T) Investigators. N Engl J Med
2005;352(18):1861-72.
75
Miller MR, McNamara RL, Segal JB, Kim N, Robinson KA, Goodman
SN, et al. Efficacy of agents for pharmacologic conversion of atrial
fibrillation and subsequent maintenance of sinus rhythm: a meta-analysis
of clinical trials. J Fam Pract 2000;49(11):1033-46.
76
Bellandi F, Simonetti I, Leoncini M, Frascarelli F, Giovannini T, Maioli
M, et al. Long-term efficacy and safety of propafenone and sotalol for the
maintenance of sinus rhythm after conversion of recurrent symptomatic
atrial fibrillation. Am J Cardiol 2001;88(6):640-5.
77
Benditt DG, Williams JH, Jin J, Deering TF, Zucker R, Browne K, et al.
Maintenance of sinus rhythm with oral d,l-sotalol therapy in patients
with symptomatic atrial fibrillation and/or atrial flutter. d,l-Sotalol Atrial
Fibrillation/Flutter Study Group. Am J Cardiol 1999;84(3):270-7.
78
Kochiadakis GE, Igoumenidis NE, Marketou ME, Kaleboubas MD,
Simantirakis EN, Vardas PE. Low dose amiodarone and sotalol in the
treatment of recurrent, symptomatic atrial fibrillation: a comparative,
placebo controlled study. Heart 2000;84(3):251-7.
79
Connolly SJ. Evidence-based analysis of amiodarone efficacy and safety.
Circulation 1999;100(19):2025-34.
80
Hilleman D, Miller MA, Parker R, Doering P, Pieper JA. Optimal
management of amiodarone therapy: efficacy and side effects.
Pharmacotherapy 1998;18(6 Pt 2):138S-45S.
81	 Jessurun GA, Boersma WG, Crijns HJ. Amiodarone-induced pulmonary
toxicity. Predisposing factors, clinical symptoms and treatment. Drug
Saf 1998;18(5):339-44.

37

Cardiac arrhythmias in coronary heart disease

82

New Zealand Guidelines Group (NZGG). The Management of People
with Atrial Fibrillation and Flutter. Wellington: NZGG; 2005. [cited 7
November 2006]. Available from url: http://www.nzgg.org.nz/
83
Wyse DG, Waldo AL, DiMarco JP, Domanski MJ, Rosenberg Y, Schron
EB, et al. A comparison of rate control and rhythm control in patients
with atrial fibrillation. Atrial Fibrillation Follow-up Investigation
of Rhythm Management (AFFIRM) Investigators. N Engl J Med
2002;347(23):1825-33.
84	Carlsson J, Miketic S, Windeler J, Cuneo A, Haun S, Micus S, et al.
Randomized trial of rate-control versus rhythm-control in persistent
atrial fibrillation: the Strategies of Treatment of Atrial Fibrillation (STAF)
study. J Am Coll Cardiol 2003;41(10):1690-6.
85
Hohnloser SH, Kuck KH, Lilienthal J. Rhythm or rate control in atrial
fibrillation--Pharmacological Intervention in Atrial Fibrillation (PIAF):
a randomised trial. Lancet 2000;356(9244):1789-94.
86
Opolski G, Torbicki A, Kosior DA, Szulc M, Wozakowska-Kaplon
B, Kolodziej P, et al. Rate control vs rhythm control in patients with
nonvalvular persistent atrial fibrillation: the results of the Polish
How to Treat Chronic Atrial Fibrillation (HOT CAFE) Study. Chest
2004;126(2):476-86.
87
Van Gelder IC, Hagens VE, Bosker HA, Kingma JH, Kamp O, Kingma
T, et al. A comparison of rate control and rhythm control in patients
with recurrent persistent atrial fibrillation. N Engl J Med 2002;347(23):
1834-40.
88
Segal JB, McNamara RL, Miller MR, Kim N, Goodman SN, Powe NR,
et al. The evidence regarding the drugs used for ventricular rate control.
J Fam Pract 2000;49(1):47-59.
89
Farshi R, Kistner D, Sarma JS, Longmate JA, Singh BN. Ventricular rate
control in chronic atrial fibrillation during daily activity and programmed
exercise: a crossover open-label study of five drug regimens. J Am Coll
Cardiol 1999;33(2):304-10.
90
Khand AU, Rankin AC, Martin W, Taylor J, Gemmell I, Cleland JG.
Carvedilol alone or in combination with digoxin for the management
of atrial fibrillation in patients with heart failure? J Am Coll Cardiol
2003;42(11):1944-51.
91	 Benaim ME. Asystole after verapamil. BMJ 1972;2(5806):169-70.
92
Wood MA, Brown-Mahoney C, Kay GN, Ellenbogen KA. Clinical
outcomes after ablation and pacing therapy for atrial fibrillation : a
meta-analysis. Circulation 2000;101(10):1138-44.
93
Wilkoff BL, Cook JR, Epstein AE, Greene HL, Hallstrom AP, Hsia H, et
al. Dual-chamber pacing or ventricular backup pacing in patients with
an implantable defibrillator: the Dual Chamber and VVI Implantable
Defibrillator (DAVID) Trial. JAMA 2002;288(24):3115-23.
94
Borger van der Burg AE, Bax JJ, Boersma E, Bootsma M, van Erven L,
van der Wall EE, et al. Impact of percutaneous coronary intervention
or coronary artery bypass grafting on outcome after nonfatal cardiac
arrest outside the hospital. Am J Cardiol 2003;91(7):785-9.
95
De Sutter J, Kazmierczak J, Fonteyne W, Tavernier R, Jordaens LJ.
Factors determining long-term outcomes and survival in patients with
coronary artery disease and ventricular tachyarrhythmias: a single center
experience. Pacing Clin Electrophysiol 2000;23(11 Pt 2):1947-52.
96
Kelly P, Ruskin JN, Vlahakes GJ, Buckley MJ, Jr., Freeman CS, Garan H.
Surgical coronary revascularization in survivors of prehospital cardiac
arrest: its effect on inducible ventricular arrhythmias and long-term
survival. J Am Coll Cardiol 1990;15(2):267-73.
97
Spaulding CM, Joly LM, Rosenberg A, Monchi M, Weber SN, Dhainaut
JF, et al. Immediate coronary angiography in survivors of out-of-hospital
cardiac arrest. N Engl J Med 1997;336(23):1629-33.
98
Moss AJ, Zareba W, Hall WJ, Klein H, Wilber DJ, Cannom DS,
et al. Prophylactic implantation of a defibrillator in patients with
myocardial infarction and reduced ejection fraction. N Engl J Med
2002;346(12):877-83.
99
Bardy GH, Lee KL, Mark DB, Poole JE, Packer DL, Boineau R, et al.
Amiodarone or an implantable cardioverter-defibrillator for congestive
heart failure. N Engl J Med 2005;352(3):225-37.
100 Moss AJ, Hall WJ, Cannom DS, Daubert JP, Higgins SL, Klein H, et
al. Improved survival with an implanted defibrillator in patients with
coronary disease at high risk for ventricular arrhythmia. Multicenter
Automatic Defibrillator Implantation Trial Investigators. N Engl J Med
1996;335(26):1933-40.
101 Buxton AE, Lee KL, Fisher JD, Josephson ME, Prystowsky EN, Hafley
G. A randomized study of the prevention of sudden death in patients
with coronary artery disease. Multicenter Unsustained Tachycardia Trial
Investigators. N Engl J Med 1999;341(25):1882-90.
102 Bigger JT, Jr. Prophylactic use of implanted cardiac defibrillators in
patients at high risk for ventricular arrhythmias after coronary-artery
bypass graft surgery. Coronary Artery Bypass Graft (CABG) Patch Trial
Investigators. N Engl J Med 1997;337(22):1569-75.
103 Bristow MR, Saxon LA, Boehmer J, Krueger S, Kass DA, De Marco
T, et al. Cardiac-resynchronization therapy with or without an
implantable defibrillator in advanced chronic heart failure. N Engl J
Med 2004;350(21):2140-50.

38

104

Scottish Intercollegiate Guidelines Network (SIGN). Management of
chronic heart failure. Edinburgh: SIGN; 2007. (SIGN publication no.
95). Available from url: http://www.sign.ac.uk
105 Buxton AE, Lee KL, DiCarlo L, Gold MR, Greer GS, Prystowsky EN, et
al. Electrophysiologic testing to identify patients with coronary artery
disease who are at risk for sudden death. Multicenter Unsustained
Tachycardia Trial Investigators. N Engl J Med 2000;342(26):1937-45.
106	Connolly SJ, Hallstrom AP, Cappato R, Schron EB, Kuck KH, Zipes DP, et
al. Meta-analysis of the implantable cardioverter defibrillator secondary
prevention trials. AVID, CASH and CIDS studies. Antiarrhythmics vs
Implantable Defibrillator study. Cardiac Arrest Study Hamburg. Canadian
Implantable Defibrillator Study. Eur Heart J 2000;21(24):2071 8.
107 The Antiarrhythmics versus Implantable Defibrillators (AVID)
Investigators. A comparison of antiarrhythmic-drug therapy with
implantable defibrillators in patients resuscitated from near-fatal
ventricular arrhythmias. N Engl J Med 1997;337(22):1576-83.
108 Kuck KH, Cappato R, Siebels J, Ruppel R. Randomized comparison of
antiarrhythmic drug therapy with implantable defibrillators in patients
resuscitated from cardiac arrest : the Cardiac Arrest Study Hamburg
(CASH). Circulation 2000;102(7):748-54.
109	Connolly SJ, Gent M, Roberts RS, Dorian P, Roy D, Sheldon RS, et
al. Canadian implantable defibrillator study (CIDS) : a randomized
trial of the implantable cardioverter defibrillator against amiodarone.
Circulation 2000;101(11):1297-302.
110 Bryant J, Brodin H, Loveman E, Payne E, Clegg A. The clinical and
cost-effectiveness of implantable cardioverter defibrillators: a systematic
review. Health Technology Assess 2005; 9(36). [cited 3 November
2006]. Available from url: http://www.hta.nhsweb.nhs.uk/fullmono/
mon936.pdf
111	 Buxton M, Caine N, Chase D, Connelly D, Grace A, Jackson C, et
al. A review of the evidence on the effects and costs of implantable
cardioverter defibrillator therapy in different patient groups, and
modelling of cost-effectiveness and cost–utility for these groups in a UK
context. Health Technology Assess 2006; 10(27). [cited 3 November
2006]. Available from url: http://www.hta.nhsweb.nhs.uk/fullmono/
mon1027.pdf
112 Heidenreich PA, Keeffe B, McDonald KM, Hlatky MA. Overview of
randomized trials of antiarrhythmic drugs and devices for the prevention
of sudden cardiac death. Am Heart J 2002;144(3):422-30.
113	Cairns JA, Connolly SJ, Roberts R, Gent M. Randomised trial of
outcome after myocardial infarction in patients with frequent or
repetitive ventricular premature depolarisations: CAMIAT. Canadian
Amiodarone Myocardial Infarction Arrhythmia Trial Investigators.
Lancet 1997;349(9053):675-82. [published erratum appears in Lancet
1997; 349(9067):1776.]
114 Julian DG, Camm AJ, Frangin G, Janse MJ, Munoz A, Schwartz PJ, et
al. Randomised trial of effect of amiodarone on mortality in patients
with left-ventricular dysfunction after recent myocardial infarction:
EMIAT. European Myocardial Infarct Amiodarone Trial Investigators.
Lancet 1997;349(9053):667-74. [published erratum appears in Lancet
1997;349(9059):1180. Lancet 1997;349(9067):1776.]
115 Singh SN, Fletcher RD, Fisher SG, Singh BN, Lewis HD, Deedwania
PC, et al. Amiodarone in patients with congestive heart failure and
asymptomatic ventricular arrhythmia. Survival Trial of Antiarrhythmic
Therapy in Congestive Heart Failure. N Engl J Med 1995;333(2):
77-82.
116 Julian DG, Prescott RJ, Jackson FS, Szekely P. Controlled trial of sotalol
for one year after myocardial infarction. Lancet 1982;1(8282):1142-7.
117	Cheng DC, Bainbridge D, Martin JE, Novick RJ. Does off-pump coronary
artery bypass reduce mortality, morbidity, and resource utilization when
compared with conventional coronary artery bypass? A meta-analysis
of randomized trials. Anesthesiology 2005;102(1):188-203.
118 Alghamdi AA, Al-Radi OO, Latter DA. Intravenous magnesium for
prevention of atrial fibrillation after coronary artery bypass surgery: a
systematic review and meta-analysis. J Card Surg 2005;20(3):293-9.
119 Sedrakyan A, Treasure T, Elefteriades JA. Effect of aprotinin on clinical
outcomes in coronary artery bypass graft surgery: a systematic review
and meta-analysis of randomized clinical trials. J Thorac Cardiovasc
Surg 2004;128(3):442-8.
120 Athanasiou T, Aziz O, Mangoush O, Al-Ruzzeh S, Nair S, Malinovski
V, et al. Does off-pump coronary artery bypass reduce the incidence of
post-operative atrial fibrillation? A question revisited. Eur J Cardiothorac
Surg 2004;26(4):701-10.
121 Miller S, Crystal E, Garfinkle M, Lau C, Lashevsky I, Connolly SJ. Effects
of magnesium on atrial fibrillation after cardiac surgery: a meta-analysis.
Heart 2005;91(5):618-23.
122 Shiga T, Wajima Z, Inoue T, Ogawa R. Magnesium prophylaxis for
arrhythmias after cardiac surgery: a meta-analysis of randomized
controlled trials. Am J Med 2004;117(5):325-33.

REFERENCES

123	Crystal E, Kahn S, Roberts R, Thorpe K, Gent M, Cairns JA, et al.
Long-term amiodarone therapy and the risk of complications after
cardiac surgery: results from the Canadian Amiodarone Myocardial
Infarction Arrhythmia Trial (CAMIAT). J Thorac Cardiovasc Surg
2003;125(3):633-7.
124 Zimmer J, Pezzullo J, Choucair W, Southard J, Kokkinos P, Karasik
P, et al. Meta-analysis of antiarrhythmic therapy in the prevention of
postoperative atrial fibrillation and the effect on hospital length of stay,
costs, cerebrovascular accidents, and mortality in patients undergoing
cardiac surgery. Am J Cardiol 2003;91(9):1137-40.
125	Yeung-Lai-Wah JA, Qi A, McNeill E, Abel JG, Tung S, Humphries KH,
et al. New-onset sustained ventricular tachycardia and fibrillation early
after cardiac operations. Ann Thorac Surg 2004;77(6):2083-8.
126 Kowey PR, Stebbins D, Igidbashian L, Goldman SM, Sutter FP, Rials
SJ, et al. Clinical outcome of patients who develop PAF after CABG
surgery. Pacing Clin Electrophysiol 2001;24(2):191-3.
127	Calo L, Bianconi L, Colivicchi F, Lamberti F, Loricchio ML, de Ruvo E,
et al. N-3 Fatty acids for the prevention of atrial fibrillation after coronary
artery bypass surgery: a randomized, controlled trial. J Am Coll Cardiol
2005;45(10):1723-8.
128 Pires LA, Hafley GE, Lee KL, Fisher JD, Josephson ME, Prystowsky EN,
et al. Prognostic significance of nonsustained ventricular tachycardia
identified postoperatively after coronary artery bypass surgery in
patients with left ventricular dysfunction. J Cardiovasc Electrophysiol
2002;13(8):757-63.
129 Steinberg JS, Gaur A, Sciacca R, Tan E. New-onset sustained ventricular
tachycardia after cardiac surgery. Circulation 1999;99(7):903-8.
130 Ducceschi V, D’Andrea A, Liccardo B, Sarubbi B, Ferrara L, Romano
GP, et al. Ventricular tachyarrhythmias following coronary surgery:
predisposing factors. Int J Cardiol 2000;73(1):43-8.
131	 Ascione R, Reeves BC, Santo K, Khan N, Angelini GD. Predictors of
new malignant ventricular arrhythmias after coronary surgery: a casecontrol study. J Am Coll Cardiol 2004;43(9):1630-8.
132 Maisel WH, Rawn JD, Stevenson WG. Atrial fibrillation after cardiac
surgery. Ann Intern Med 2001;135(12):1061-73.
133 Alex J, Bharma GS, Cale AR., Griffin SC, Cowen ME,Guvendik, L. Atrial
fibrillation after coronary bypass surgery – pathophysiology, resource
utilisation and management strategies. Br J Cardiol 2003;10(5):82-88.
134 Mathew JP, Fontes ML, Tudor IC, Ramsay J, Duke P, Mazer CD, et al. A
multicenter risk index for atrial fibrillation after cardiac surgery. JAMA
2004;291(14):1720-9.
135 Svedjeholm R, Hakanson E. Predictors of atrial fibrillation in patients
undergoing surgery for ischemic heart disease. Scand Cardiovasc J
2000;34(5):516-21.
136 Kuduvalli M, Grayson AD, Oo AY, Fabri BM, Rashid A. Risk of morbidity
and in-hospital mortality in obese patients undergoing coronary artery
bypass surgery. Eur J Cardiothorac Surg 2002;22(5):787-93.
137 Kuralay E, Cingoz F, Kilic S, Bolcal C, Gunay C, Demirkilic U, et al.
Supraventricular tachyarrythmia prophylaxis after coronary artery
surgery in chronic obstructive pulmonary disease patients (early
amiodarone prophylaxis trial). Eur J Cardiothorac Surg 2004;25(2):
224-30.
138 Aasbo JD, Lawrence AT, Krishnan K, Kim MH, Trohman RG.
Amiodarone prophylaxis reduces major cardiovascular morbidity and
length of stay after cardiac surgery: a meta-analysis. Ann Intern Med
2005;143(5):327-36.
139 Gillespie EL, Coleman CI, Sander S, Kluger J, Gryskiewicz KA, White
CM. Effect of prophylactic amiodarone on clinical and economic
outcomes after cardiothoracic surgery: a meta-analysis. Ann
Pharmacother 2005;39(9):1409-15.
140 American College of Chest Physicians guidelines for the prevention and
management of postoperative atrial fibrillation after cardiac surgery.
Chest 2005;128(2 Suppl).
141 Crystal E, Garfinkle MS, Connolly SS, Ginger TT, Sleik K, Yusuf SS.
Interventions for preventing post-operative atrial fibrillation in patients
undergoing heart surgery (Cochrane Review). In: The Cochrane Library,
Issue 3, 2004. London: John Wiley & Sons Ltd.
142 Wurdeman RL, Mooss AN, Mohiuddin SM, Lenz TL. Amiodarone vs.
sotalol as prophylaxis against atrial fibrillation/flutter after heart surgery:
a meta-analysis. Chest 2002;121(4):1203-10.
143 Wijeysundera DN, Beattie WS, Rao V, Karski J. Calcium antagonists
reduce cardiovascular complications after cardiac surgery: a metaanalysis. J Am Coll Cardiol 2003;41(9):1496-505.
144 Kowey PR, Taylor JE, Rials SJ, Marinchak RA. Meta-analysis of the
effectiveness of prophylactic drug therapy in preventing supraventricular
arrhythmia early after coronary artery bypass grafting. Am J Cardiol
1992;69(9):963-5.
145 Smith A, Grattan A, Harper M, Royston D, Riedel BJ. Coronary
revascularization: a procedure in transition from on-pump to off-pump?
The role of glucose-insulin-potassium revisited in a randomized,
placebo-controlled study. J Cardiothorac Vasc Anesth 2002;16(4):
413-20.

146

Groban L, Butterworth J, Legault C, Rogers AT, Kon ND, Hammon JW.
Intraoperative insulin therapy does not reduce the need for inotropic or
antiarrhythmic therapy after cardiopulmonary bypass. J Cardiothorac
Vasc Anesth 2002;16(4):405-12.
147 Lazar HL, Chipkin S, Philippides G, Bao Y, Apstein C. Glucose-insulinpotassium solutions improve outcomes in diabetics who have coronary
artery operations. Ann Thorac Surg 2000;70(1):145-50.
148 Geertman H, van der Starre PJ, Sie HT, Beukema WP, van Rooyen-Butijn
M. Magnesium in addition to sotalol does not influence the incidence
of postoperative atrial tachyarrhythmias after coronary artery bypass
surgery. J Cardiothorac Vasc Anesth 2004;18(3):309-12.
149	Liu SS, Block BM, Wu CL. Effects of perioperative central neuraxial
analgesia on outcome after coronary artery bypass surgery: a metaanalysis. Anesthesiology 2004;101(1):153-61.
150 Nygard E, Sorensen LH, Hviid LB, Pedersen FM, Ravn J, Thomassen L,
et al. Effects of amiodarone and thoracic epidural analgesia on atrial
fibrillation after coronary artery bypass grafting. J Cardiothorac Vasc
Anesth 2004;18(6):709-14.
151	 De Hert SG, Van der Linden PJ, Cromheecke S, Meeus R, ten Broecke
PW, De Blier IG, et al. Choice of primary anesthetic regimen can
influence intensive care unit length of stay after coronary surgery with
cardiopulmonary bypass. Anesthesiology 2004;101(1):9-20.
152	Cheruku KK, Ghani A, Ahmad F, Pappas P, Silverman PR, Zelinger A, et
al. Efficacy of nonsteroidal anti-inflammatory medications for prevention
of atrial fibrillation following coronary artery bypass graft surgery. Prev
Cardiol 2004;7(1):13-8.
153 Kulik A, Ruel M, Bourke ME, Sawyer L, Penning J, Nathan HJ, et
al. Postoperative naproxen after coronary artery bypass surgery: a
double-blind randomized controlled trial. Eur J Cardiothorac Surg
2004;26(4):694-700.
154 Athanasiou T, Aziz O, Mangoush O, Weerasinghe A, Al-Ruzzeh S,
Purkayastha S, et al. Do off-pump techniques reduce the incidence of
postoperative atrial fibrillation in elderly patients undergoing coronary
artery bypass grafting? Ann Thorac Surg 2004;77(5):1567-74.
155	Reston JT, Tregear SJ, Turkelson CM. Meta-analysis of short-term and
mid-term outcomes following off-pump coronary artery bypass grafting.
Ann Thorac Surg 2003;76(5):1510-5.
156 Daoud EG, Snow R, Hummel JD, Kalbfleisch SJ, Weiss R, Augostini
R.Temporary atrial epicardial pacing as prophylaxis against atrial
fibrillation after heart surgery: a meta-analysis. J Cardiovasc
Electrophysiol 2003;14(2):127-32.
157	Cummings JE, Gill I, Akhrass R, Dery M, Biblo LA, Quan KJ. Preservation
of the anterior fat pad paradoxically decreases the incidence
of postoperative atrial fibrillation in humans. J Am Coll Cardiol
2004;43(6):994-1000.
158 Aldea GS, Lilly K, Gaudiani JM, O’Gara P, Stein D, Bao Y, et al. Heparinbonded circuits improve clinical outcomes in emergency coronary artery
bypass grafting. J Card Surg 1997;12(6):389-97.
159 Baufreton C, Le Besnerais P, Jansen P, Mazzucotelli JP, Wildevuur CR,
Loisance DY. Clinical outcome after coronary surgery with heparincoated extracorporeal circuits for cardiopulmonary bypass. Perfusion
1996;11(6):437-43.
160 Ovrum E, Am Holen E, Tangen G, Ringdal MA. Heparinized
cardiopulmonary bypass and full heparin dose marginally improve
clinical performance. Ann Thorac Surg 1996;62(4):1128-33.
161	Ovrum E, Tangen G, Oystese R, Ringdal MA, Istad R. Heparin-coated
circuits (Duraflo II) with reduced versus full anticoagulation during
coronary artery bypass surgery. J Card Surg 2003;18(2):140-6.
162 Adams DC, Heyer EJ, Simon AE, Delphin E, Rose EA, Oz MC, et al.
Incidence of atrial fibrillation after mild or moderate hypothermic
cardiopulmonary bypass. Crit Care Med 2000;28(2):309-11.
163 Dunning J, Nagarajan DV, Amanullah M, Nouraei, SM. What is the
optimal anticoagulation management of patients post-cardiac surgery
who go into atrial fibrillation? Interactive CardioVascular and Thoracic
Surgery 2004;3:503-9.
164 Malouf JF, Alam S, Gharzeddine W, Stefadouros MA. The role of
anticoagulation in the development of pericardial effusion and late
tamponade after cardiac surgery. Eur Heart J 1993;14(11):1451-7.
[published erratum appears in Eur Heart J 1994;15(4):583-4.]
165 Bechtel JF, Christiansen JF, Sievers HH, Bartels C. Low-energy
cardioversion versus medical treatment for the termination of atrial
fibrillation after CABG. Ann Thorac Surg 2003;75(4):1185-8.
166 Mackay JH, Powell SJ, Osgathorp J, Rozario CJ. Six-year prospective
audit of chest reopening after cardiac arrest. Eur J Cardiothorac Surg
2002;22(3):421-5.
167 Soar J, Deakin CD, Nolan JP, Abbas G, Alfonzo A, Handley AJ, et al.
European Resuscitation Council guidelines for resuscitation 2005.
Section 7. Cardiac arrest in special circumstances. Resuscitation 2005;67
Suppl 1:S135-70.

39

Cardiac arrhythmias in coronary heart disease

168

Schwarz B, Bowdle TA, Jett GK, Mair P, Lindner KH, Aldea GS, et
al. Biphasic shocks compared with monophasic damped sine wave
shocks for direct ventricular defibrillation during open heart surgery.
Anesthesiology 2003;98(5):1063-9.
169 Shuldham CM. Pre-operative education for the patient having coronary
artery bypass surgery. Patient Educ Couns 2001;43(2):129-37.
170 Shuldham CM, Fleming S, Goodman H. The impact of pre-operative
education on recovery following coronary artery bypass surgery. A
randomized controlled clinical trial. Eur Heart J 2002;23(8):666-74.
171	 Scottish Intercollegiate Guidelines Network (SIGN). Acute Coronary
Syndromes. Edinburgh: SIGN; 2007. (SIGN publication no. 93).
Available from url: http://www.sign.ac.uk
172 Scottish Intercollegiate Guidelines Network (SIGN). Management of
stable angina. Edinburgh: SIGN; 2007. (SIGN publication no. 96).
Available from url: http://www.sign.ac.uk
173 Mead GE, Elder AT, Flapan AD, Kelman A. Electrical cardioversion
for atrial fibrillation and flutter (Cochrane Review). In: The Cochrane
Library, Issue 3, 2005. London: John Wiley & Sons Ltd.
174 Parkes J, Bryant J, Milne R. Implantable cardioverter defibrillators:
arrhythmias. A rapid and systematic review. Health Technology Assess
2000; 4(26). [cited 6 November 2006]. Available from url: http://www.
hta.ac.uk/fullmono/mon426.pdf
175 Lynch JJ, Paskewitz DA, Gimbel KS, Thomas SA. Psychological aspects
of cardiac arrhythmia. Am Heart J 1977;93(5):645-57.
176 Sears SF, Serber ER, Alvarez LG, Schwartzman DS, Hoyt RH, Ujhelyi
MR. Understanding atrial symptom reports: objective versus subjective
predictors. Pacing Clin Electrophysiol 2005;28(8):801-7.
177 Moser DJ, Cohen RA, Clark MM, Aloia MS, Tate BA, Stefanik S, et al.
Neuropsychological functioning among cardiac rehabilitation patients.
J Cardiopulm Rehabil 1999;19(2):91-7.
178	Lim C, Alexander MP, LaFleche G, Schnyer DM, Verfaellie M. The
neurological and cognitive sequelae of cardiac arrest. Neurology
2004;63(10):1774-8.
179 Scottish Intercollegiate Guidelines Network (SIGN). Cardiac
rehabilitation. Edinburgh: SIGN; 2002. (SIGN publication no. 57). [cited
6 November 2006]. Available from url: http://www.sign.ac.uk
180 Scottish Intercollegiate Guidelines Network (SIGN). Management of
patients with dementia. Edinburgh: SIGN; 2006. (SIGN publication
no. 86). [cited 6 November 2006]. Available from url: http://www.sign.
ac.uk
181	 Sears SF, Jr., Todaro JF, Lewis TS, Sotile W, Conti JB. Examining
the psychosocial impact of implantable cardioverter defibrillators: a
literature review. Clin Cardiol 1999;22(7):481-9.
182	Edelman S, Lemon J, Kidman A. Psychological therapies for recipients
of implantable cardioverter defibrillators. Heart Lung 2003;32(4):23440.
183 Metoyer P. The Importance of Psychological Support for the Implantable
Cardioverter Defibrillator Patient. EP Lab Digest 2005;5(10):16-19
184	Prudente LA. Psychological disturbances, adjustment, and the
development of phantom shocks in patients with an implantable
cardioverter defibrillator. J Cardiovasc Nurs 2005;20(4):288-93.
185 Burke JL, Hallas CN, Clark-Carter D, White D, Connelly D. The
psychosocial impact of the implantable cardioverter defibrillator: a
meta-analytic review. Br J Health Psychol 2003;8(Pt 2):165-78.
186	Rees K, Bennett P, West R, Davey Smith G, Ebrahim S. Psychological
interventions for coronary heart disease (Cochrane Review). In: The
Cochrane Library, Issue 3, 2004. London: John Wiley & Sons Ltd.
187 Fitchet A, Doherty PJ, Bundy C, Bell W, Fitzpatrick AP, Garratt CJ.
Comprehensive cardiac rehabilitation programme for implantable
cardioverter-defibrillator patients: a randomised controlled trial. Heart
2003;89(2):155-60.
188 Frizelle DJ, Lewin RJ, Kaye G, Hargreaves C, Hasney K, Beaumont N,
et al. Cognitive-behavioural rehabilitation programme for patients with
an implanted cardioverter defibrillator: a pilot study. Br J Health Psychol
2004;9(Pt 3):381-92.
189 Lewin RJ, Frizelle DJ, Kaye GC. A rehabilitative approach to patients
with internal cardioverter-defibrillators. Heart 2001;85(4):371-2.
190	Empana JP, Jouven X, Lemaitre RN, Sotoodehnia N, Rea T, Raghunathan
TE, et al. Clinical depression and risk of out-of-hospital cardiac arrest.
Arch Intern Med 2006;166(2):195-200.
191	 Davies SJ, Jackson PR, Potokar J, Nutt DJ. Treatment of anxiety and
depressive disorders in patients with cardiovascular disease. BMJ
2004;328(7445):939-43.
192	Ray WA, Meredith S, Thapa PB, Hall K, Murray KT. Cyclic
antidepressants and the risk of sudden cardiac death. Clin Pharmacol
Ther 2004;75(3):234-41.
193 Alvarez W, Jr., Pickworth KK. Safety of antidepressant drugs in the
patient with cardiac disease: a review of the literature. Pharmacotherapy
2003;23(6):754-71.

40

194	Carney RM, Blumenthal JA, Freedland KE, Youngblood M, Veith RC,
Burg MM, et al. Depression and late mortality after myocardial infarction
in the Enhancing Recovery in Coronary Heart Disease (ENRICHD) study.
Psychosom Med 2004;66(4):466-74.
195 National Institute for Health and Clinical Excellence (NICE). Arrhythmia
- implantable cardioverter defibrillators. London: NICE; 2006.
(Technology appraisal no. 95). [cited 7 Nov 2006]. Available from url:
http://guidance.nice.org.uk/TA95
196 Vaughan Williams EM. Classification of antiarrhythmic drugs. In:
Sandoe E, Flenstead-Jensen E, Olesen EH, eds. Symposium on cardiac
arrhythmias. Copenhagen: AB Astra; 1970:449-501.
197 Vaughan Williams EM. A classification of antiarrhythmic actions
reassessed after a decade of new drugs. J Clin Pharmacol 1984;24(4):
129-47.
198 The Criteria Committee of the New York Heart Association.
Nomenclature and Criteria for Diagnosis of Diseases of the Heart and
Great Vessels. 9th ed. Boston: Little, Brown & Co.;1994:253-256.

PHARMACOLOGICAL THERAPIES FOR RATE CONTROL

a Ventricular rate in AF should be controlled with beta blockers,
rate-limiting calcium channel blockers (verapamil or diltiazem),
or digoxin.
c Digoxin does not control rate effectively during exercise and
should be used as first line therapy only in people who are
sedentary, or in overt heart failure.
c In some people a combination of drugs may be required to
control heart rate in atrial fibrillation. Options include the
addition of digoxin to either a beta blocker or a rate-limiting
calcium channel blocker.
NON-PHARMACOLOGICAL THERAPIES

b Ablation and pacing should be considered for patients with AF
who remain severely symptomatic or have LV dysfunction in
association with poor rate control or intolerance to rate control
medication.
 Patients with atrial fibrillation who are severely symptomatic
despite optimum tolerated medical therapy should be referred to a
cardiac rhythm specialist for consideration of non-pharmacological
therapy, eg radiofrequency ablation.
VENTRICULAR ARRHYTHMIAS 
REVASCULARISATION FOR SECONDARY PREVENTION OF VT/VF

c Revascularisation should be considered in patients who have had
sustained VT or VF.
IMPLANTABLE CARDIOVERTER DEFIBRILLATOR THERAPY 
– PRIMARY PREVENTION

a Patients with moderate to severe LV dysfunction (eg ejection
fraction <0.35),  in NYHA Class I-III at least one month after
myocardial infarction should be considered for ICD therapy.
b Patients with spontaneous non-sustained ventricular tachycardia
(especially if sustained ventricular tachycardia is inducible),
severely impaired ejection fraction (<0.25) or prolonged QRS 
complex duration (>120ms) should be prioritised for ICD 
implantation.
a Patients meeting criteria for ICD implantation who have
prolonged QRS duration (>120ms) and NYHA class III-IV
symptoms should be considered for CRT-D therapy.

IMPLANTABLE CARDIOVERTER DEFIBRILLATOR THERAPY 
– SECONDARY PREVENTION

a Patients surviving the following ventricular arrhythmias in
the absence of acute ischaemia or treatable cause should be
considered for ICD implantation:
 cardiac arrest (VT or VF)
 VT with syncope or haemodynamic compromise
 VT without syncope if LVEF<0.35 (not NYHA IV).
ANTI-ARRHYTHMIC DRUG THERAPY

a Class 1 anti-arrhythmic drugs should not be used for treatment of
premature ventricular beats or non-sustained VT in patients with
previous MI.
a Long term beta blockers are recommended for routine use in
post-MI patients without contraindications.
a Calcium channel blocker therapy is not recommended for
reduction in sudden death or all-cause mortality in post-MI 
patients.
Arrhythmias associated with coronary artery
bypass graft surgery
RISK FACTORS

d In patients undergoing coronary artery bypass graft surgery,
age, previous AF and left ventricular ejection fraction should be
considered when assessing risk of postoperative arrhythmia.
PROPHYLACTIC INTERVENTIONS
PHARMACOLOGICAL THERAPIES

a Amiodarone may be used when prophylaxis for atrial fibrillation
and ventricular arrhythmias is indicated following CABG
surgery.
for atrial fibrillation is indicated following CABG surgery.

a Beta blockers including sotalol may be used when prophylaxis

fibrillation following CABG surgery.

b Verapamil and diltiazem may be used for prophylaxis of atrial
MANIPULATION OF BLOOD ELECTROLYTES

a Magnesium may be used when prophylaxis for atrial fibrillation
and ventricular arrhythmias is indicated following CABG
surgery.

TREATMENTS FOR ATRIAL FIBRILLATION

PHARMACOLOGICAL THERAPIES

synchronised cardioversion.

d  Patients with AF and haemodynamic compromise should have

 In the immediate postoperative period, patients with persistent
AF without haemodynamic compromise should be treated
with rate-limiting therapy.

 Patients with persistent AF should be considered for elective
synchronised cardioversion.

Psychosocial issues

C Psychosocial implications for people experiencing cardiac
arrhythmias should be considered by all healthcare staff
throughout assessment, treatment and care.

should not be restricted to recipients of ICDs.

 Psychosocial support for patients experiencing cardiac arrhythmias

PSYCHOSOCIAL ASSESSMENT AND SCREENING

d Patients with chronic cardiac arrhythmias should be screened for
anxiety or depressive disorders with referral to specialist mental
health services where appropriate.

d Selective cognitive screening should be available especially for
post arrest and older cardiac patients experiencing persistent
memory or other cognitive difficulties.

PSYCHOSOCIAL SUPPORT AND INTERVENTION

d Psychosocial implications for people experiencing cardiac
arrhythmias should be considered by all healthcare staff
throughout assessment, treatment and care.

d Psychosocial intervention offered as part of a comprehensive
rehabilitation programme should encompass a cognitive
behavioural component.

Arrhythmias associated with
cardiac arrest

management of patients with  refractory VT/VF.

D Patients with cardiac arrest secondary to asystole or pulseless
electrical activity should receive intravenous adrenaline/
epinephrine.

ASYSTOLE AND PULSELESS ELECTRICAL ACTIVITY

D Patients with polymorphic VT should be treated with intravenous
magnesium. QT interval prolonging drugs, if prescribed, should
be withdrawn. If present, hypokalaemia should be corrected
by potassium infusion and bradycardia by temporary pacing or
isoprenaline infusion.

D Intravenous amiodarone, procainamide or sotalol should be used
in the management of patients with haemodynamically stable VT.

SUSTAINED VT (NO CARDIAC ARREST)

a Intravenous amiodarone should be considered for the
management of refractory VT/VF.

D Intravenous adrenaline/epinephrine should be used for the

REFRACTORY VT/VF

ADJUNCTIVE THERAPIES IN THE PERI-ARREST PERIOD

which have a high probability of a cardiac arrest event.

b Automated external defibrillators should be sited in locations

a Automated external defibrillators should be used by trained
first responders, with their use integrated within the emergency
medical services system.

AUTOMATED EXTERNAL DEFIBRILLATORS

equipped, authorised and encouraged to perform defibrillation.

c All healthcare workers trained in CPR should also be trained,

healthcare facilities.

c Prompt defibrillation should be available throughout all

b Defibrillation in patients with VF or pulseless VT should be
administered without delay for witnessed cardiac arrests and
immediately following two minutes of CPR for unwitnessed outof-hospital cardiac arrests.

DEFIBRILLATION

d CPR should be taught as part of the school curriculum.

cardiac arrest should be offered CPR training.

d Lay people identified as having a high probability of witnessing a

c The number of lay people trained to initiate CPR in out-ofhospital cardiac arrest should be increased.

BYSTANDER CARDIOPULMONARY RESUSCITATION
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adequate rate control should be considered for rhythm control.

 Patients with AF who remain severely symptomatic despite

 Patients who are haemodynamically compromised, have
myocardial ischaemia or are severely symptomatic as a result of
AF with a rapid ventricular response should be treated promptly
by electrical cardioversion.

patients with well tolerated atrial fibrillation.

a Rate control is the recommended strategy for management of

RATE VERSUS RHYTHM CONTROL

a Amiodarone or sotalol treatment should be considered where
prevention of atrial fibrillation recurrence is required on
symptomatic grounds.

ANTI-ARRHYTHMIC DRUGS

ATRIAL FIBRILLATION 

Arrhythmias associated with chronic coronary
heart disease/left ventricular dysfunction

during the index admission.

c LV function should be assessed in all patients with acute MI 

ASSESSMENT OF RISK OF SUDDEN DEATH

b Patients who have suffered a recent myocardial infarction and
with LVEF ≤0.40 and either diabetes or clinical signs of heart
failure should receive eplerenone unless contraindicated by the
presence of renal impairment or high potassium levels.

following MI.

a Routine use of anti-arrhythmic drugs is not recommended

PREVENTION OF VENTRICULAR ARRHYTHMIAS AND
 SUDDEN DEATH

D Patients who have monomorphic VT following acute MI, or VF
greater than 48 hours after infarction, should be recognised
as being at increased short and long term risk and should be
considered for revascularisation and  ICD.

c Patients who have primary VF should be recognised as being at
increased risk during their hospital stay, and medical therapy
should be optimised.

VENTRICULAR ARRHYTHMIAS AND ACUTE MI

VENTRICULAR ARRHYTHMIAS  

D Permanent pacing should be considered for patients who have
had transient second degree or third degree AV block with
associated bundle branch block.

type II second degree block, or  persistent third degree AV block.

D Permanent pacing is indicated for patients with persistent Mobitz

Cardiac arrhythmias in coronary heart disease

BRADYCARDIA/SINOATRIAL DYSFUNCTION/HEART BLOCK
symptomatic bradycardia.

c Atropine should be used in the treatment of patients with
D Temporary transcutaneous pacing should be initiated quickly in
patients not responding to atropine.
D When atropine or transcutaneous pacing is ineffective consider
adrenaline/epinephrine, dopamine, isoprenaline or aminophylline
infusions before transvenous pacing is instituted.
Arrhythmias associated with
acute coronary syndromes
ATRIAL FIBRILLATION 
with AF in the setting of acute MI.

b Class 1C anti-arrhythmic drugs should not be used in patients
D Patients with AF and haemodynamic compromise should have
urgent synchronised DC cardioversion or  be considered for antiarrhythmic and rate-limiting therapy using:
 intravenous amiodarone
    or
 digoxin, particularly in presence of severe LV systolic
dysfunction with heart failure.

D Patients with AF with a rapid ventricular response, without
haemodynamic compromise but with  continuing ischaemia
should be treated with one of:
 intravenous  beta blockade, in absence of contraindications
 intravenous verapamil where there are contraindications to
beta blockade and there is no LV systolic dysfunction
 synchronised DC cardioversion.

D Patients with AF without haemodynamic compromise or
ischaemia should be treated with rate-limiting therapy,
preferably a beta blocker, and be considered for chemical
cardioversion with amiodarone or DC cardioversion.
CONDUCTION DISTURBANCES  AND BRADYCARDIA 
D Transvenous temporary pacing should be considered for patients
with:
 sinus bradycardia (heart rate<40 beats per minute) associated
with symptoms and unresponsive to atropine
 alternating left and right bundle branch block
 Mobitz type II AV block with new bundle branch block
 third degree AV block in inferior MI, if unresponsive to
atropine and haemodynamically compromised, and in all cases
of anterior MI  
 ventricular standstill.
Transcutaneous pacing should be available to all patients with other
atrioventricular and intraventricular conduction disturbances.

