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Abstract

Curative catheter ablation in atrial fibrillation and typical 
atrial flutter: systematic review and economic evaluation

M Rodgers,1* C McKenna,2 S Palmer,2 D Chambers,1 S Van Hout,2 
S Golder,1 C Pepper,3 D Todd4 and N Woolacott1

1Centre for Reviews and Dissemination, University of York, UK
2Centre for Health Economics, University of York, UK
3Yorkshire Heart Centre, Leeds, UK
4The Cardiothoracic Centre, Liverpool NHS Trust, UK

*Corresponding author

Objectives: To determine the safety, clinical 
effectiveness and cost-effectiveness of radio frequency 
catheter ablation (RCFA) for the curative treatment of 
atrial fibrillation (AF) and typical atrial flutter.
Data sources: For the systematic reviews of clinical 
studies 25 bibliographic databases and internet sources 
were searched in July 2006, with subsequent update 
searches for controlled trials conducted in April 2007. 
For the review of cost-effectiveness a broad range of 
studies was considered, including economic evaluations 
conducted alongside trials, modelling studies and 
analyses of administrative databases.
Review methods: Systematic reviews of clinical 
studies and economic evaluations of catheter ablation 
for AF and typical atrial flutter were conducted. The 
quality of the included studies was assessed using 
standard methods. A decision model was developed to 
evaluate a strategy of RFCA compared with long-term 
antiarrhythmic drug (AAD) treatment alone in adults 
with paroxysmal AF. This was used to estimate the 
cost-effectiveness of RFCA in terms of cost per quality-
adjusted life-year (QALY) under a range of assumptions. 
Decision uncertainty associated with this analysis was 
presented and used to inform future research priorities 
using the value of information analysis.
Results: A total of 4858 studies were retrieved for 
the review of clinical effectiveness. Of these, eight 
controlled studies and 53 case series of AF were 
included. Two controlled studies and 23 case series of 
typical atrial flutter were included. For atrial fibrillation, 
freedom from arrhythmia at 12 months in case series 
ranged from 28% to 85.3% with a weighted mean 
of 76%. Three RCTs suggested that RFCA is more 
effective than long-term AAD therapy in patients 
with drug-refractory paroxysmal AF. Single RCTs 

also suggested superiority of RFCA over electrical 
cardioversion followed by long-term AAD therapy and 
of RFCA plus AAD therapy over AAD maintenance 
therapy alone in drug-refractory patients. The available 
RCTs provided insufficient evidence to determine the 
effectiveness of RFCA beyond 12 months or in patients 
with persistent or permanent AF. Adverse events and 
complications were generally rare. Mortality rates were 
low in both RCTs and case series. Cardiac tamponade 
and pulmonary vein stenosis were the most frequently 
recorded complications. For atrial flutter, freedom from 
arrhythmia at 12 months in case series ranged from 
85% to 92% with a weighted mean of 88%. Neither 
of the atrial flutter RCTs reported freedom from 
arrhythmia at 12 months. One RCT found a statistically 
significant benefit favouring ablation over AADs in terms 
of freedom from arrhythmia at a mean follow-up of 
22 months. A second RCT reported a more modest 
effect favouring ablation in terms of freedom from 
atrial flutter at follow-up in older patients (mean age 
78 years) after their first episode of flutter. In the atrial 
flutter case series, mortality was rare and the most 
frequent complications were atrioventricular block and 
haematomas. Complications in the RCTs were similar, 
except for those events likely to have been caused by 
AAD therapy (e.g. thyroid dysfunction). The review of 
cost-effectiveness evidence found one relevant study, 
which from a UK NHS perspective had a number of 
important limitations. The base-case analysis in the 
decision model demonstrated that if the quality of life 
benefits of RFCA are maintained over the remaining 
lifetime of the patient then the cost-effectiveness of 
RFCA appears clear. These findings were robust over a 
wide range of alternative assumptions, being between 
£7763 and £7910 per additional QALY with very little 
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uncertainty. If the quality of life benefits of RFCA are 
assumed to be maintained for no more than 5 years, 
cost-effectiveness of RFCA is dependent on a number 
of factors. Estimates of cost-effectiveness that explored 
the influence of these factors ranged from £23,000 to 
£38,000 per QALY.
Conclusions: RFCA is a relatively safe and efficacious 
procedure for the therapeutic treatment of AF and 
typical atrial flutter. There is some randomised evidence 
to suggest that RFCA is superior to AADs in patients 
with drug-refractory paroxysmal AF in terms of freedom 
from arrhythmia at 12 months. RFCA appears to be 
cost-effective if the observed quality of life benefits are 
assumed to continue over a patient’s lifetime. However, 
there remain uncertainties around longer-term effects 
of the intervention and the extent to which published 

effectiveness findings can be generalised to ‘typical’ 
UK practice. All catheter ablation procedures for the 
treatment of AF or atrial flutter undertaken in the UK 
should be recorded prospectively and centrally and 
measures to increase compliance in recording RFCA 
procedures may be needed. This would be of particular 
value in establishing the long-term benefits of RFCA 
and the true incidence and impact of any complications. 
Collection of appropriate quality of life data within any 
such registry would also be of value to future clinical 
and cost-effectiveness research in this area. Any planned 
multicentre RCTs comparing RFCA against best medical 
therapy for the treatment of AF and/or atrial flutter 
should be conducted among ‘non-pioneering’ centres 
using the techniques and equipment typically employed 
in UK practice and should measure relevant outcomes.
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Glossary and list of abbreviations

Accessory pathway An abnormal conduction 
circuit of electrical activity within the heart.

Arrhythmia An abnormality of the normal 
rhythm of the heart.

Atrial fibrillation An arrhythmia characterised 
by rapid and irregular beating of the atria 
(upper chambers of the heart) and absence of 
regular ‘P waves’ on the electrocardiogram.

Atrial flutter An arrhythmia related to 
atrial fibrillation and characterised by a 
‘sawtooth’ pattern of ‘flutter waves’ on the 
electrocardiogram.

Atrioventricular node ablation and pacing A 
procedure to treat atrial fibrillation by selective 
destruction of the atrioventricular node to 
prevent conduction of electrical signals, 
together with implantation of a pacemaker to 
take over control of heart rate.

Cardioversion Treatment to restore the 
heart to normal sinus rhythm using drugs 
(pharmacological cardioversion) or electric 
shock (electrical cardioversion).

Catheter ablation An invasive procedure 
using a catheter to target energy for selective 
destruction of small areas of tissue within the 
heart.

Cavotricuspid isthmus ablation The most 
common procedure for catheter ablation 
intended to cure atrial flutter.

Case series A report of a number of cases of a 
disease, its treatment and the outcome, with no 
comparison (control) group.

Controlled clinical trial A clinical study 
in which the effectiveness of a treatment is 
evaluated by comparing outcomes in a group of 

people who received the treatment with those 
of a control group who received an alternative 
treatment, an inactive treatment (placebo) or 
no treatment.

Cost-effectiveness The consequences of the 
alternatives are measured in natural units, such 
as years of life gained. The consequences are 
not given a monetary value.

Cost-utility The consequences of alternatives 
are measured in ‘health state preferences’, 
which are given a weighting score. In this type 
of analysis, different consequences are valued in 
comparison with each other, and the outcomes 
(e.g. life-years gained) are adjusted by the 
weighting assigned. In this way an attempt is 
made to value the quality of life associated with 
the outcome so that life-years gained become 
quality-adjusted life-years gained.

Cox maze procedure See Maze procedure.

Decision model A quantitative framework 
used to synthesise evidence on the costs and 
health outcomes of different treatments under 
conditions of uncertainty.

Electrocardiogram A recording of electrical 
activity within the heart.

Incidence The rate of occurrence of new cases 
of a disease in a population.

Lone atrial fibrillation Atrial fibrillation 
occurring in the absence of evidence of 
structural heart disease or other known 
predisposing factors.

Mapping In the context of catheter ablation, 
the use of various systems for identifying areas 
of tissue to be ablated and positioning and 
guiding of catheters within the heart.

Glossary

continued
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Maze procedure A surgical procedure for 
the curative treatment of atrial fibrillation, 
normally performed at the same time as 
surgery for other co-existing heart disease.

Odds ratio The ratio of the odds of an event in 
the intervention group to the odds of an event 
in the control group. Within each group the 
odds is the ratio of the number of people in the 
group with an event to the number without an 
event.

Pacemaker A device for the control of heart 
rate.

Paroxysmal atrial fibrillation Atrial 
fibrillation characterised by recurrent episodes 
that terminate spontaneously.

Permanent atrial fibrillation Long-standing 
atrial fibrillation that is not terminated by 
cardioversion or for which cardioversion is not 
pursued.

Persistent atrial fibrillation Atrial fibrillation 
characterised by recurrent episodes that do not 
terminate spontaneously.

Pill-in-the-pocket therapy A management 
strategy in which the patient carries medication 
to be taken on the onset of symptoms.

Prevalence The proportion of people in a 
population who have a particular disease.

Pulmonary vein isolation A common 
procedure for curative catheter ablation of 
atrial fibrillation involving creation of ablation 
lines to prevent abnormal electrical activity 
originating in the pulmonary veins from 
spreading within the heart.

Pulmonary vein stenosis Narrowing of the 
pulmonary veins.

Quality-adjusted life-year A measure of 
health-care outcomes that adjusts gains (or 
losses) in years of life subsequent to a health-
care intervention by the quality of life during 
those years. Quality-adjusted life-years can 
provide a common unit for comparing cost-
utility across different interventions and health 
problems.

Quality of life A measure of overall well-being 
taking into account both the physical effects of 
a disease and its wider effects on the patient’s 
life (e.g. ability to work, effect on personal 
relationships, etc.).

Randomised controlled trial A controlled 
clinical trial in which participants are randomly 
assigned to treatment groups.

Rate control A management strategy for 
arrhythmia that focuses on control of heart rate 
rather than restoration of normal sinus rhythm.

Relative risk The ratio of the risk in the 
intervention group to the risk in the control 
group. Within each group the risk (proportion, 
probability or rate) is the ratio of people with 
an event in the group to the total in the group.

Rhythm control A management strategy for 
arrhythmia that focuses on the restoration and 
maintenance of normal sinus rhythm.

(Normal) Sinus rhythm The normal rhythm of 
the heart.

Structural heart disease Heart disease 
caused by abnormality of structures in the 
heart, for example the valves or heart muscle 
(myocardium).

Transient ischaemic attack A ‘minor 
stroke’ not resulting in disability or cognitive 
impairment beyond 24 hours.
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AAD antiarrhythmic drug

AF atrial fibrillation

AV node atrioventricular node

CCT controlled clinical trial 
(non-randomised)

CI confidence interval

CRD Centre for Reviews and 
Dissemination

CTI cavotricuspid isthmus

CVA cerebrovascular accident

DCC direct current 
cardioversion

ECG electrocardiogram

EVPI expected value of perfect 
information

GI gastrointestinal

HRG Health Resource Group

ICER incremental cost-
effectiveness ratio

ITT intention to treat

LA left atrium

NHS National Health Service

NICE National Institute for 
Health and Clinical 
Excellence

NSR normal sinus rhythm

OR odds ratio

PP per protocol

PSS Personal Social Services

PV pulmonary vein

PVI pulmonary vein isolation

QALY quality-adjusted life-year

QoL quality of life

RA right atrium

RCT randomised controlled 
trial

RFCA radio frequency catheter 
ablation

RR risk ratio

SD standard deviation

SHD structural heart disease

TIA transient ischaemic attack

VOI value of information

WTP willingness to pay

Abbreviations

All abbreviations that have been used in this report are listed here unless the abbreviation is well 
known (e.g. NHS) or it has been used only once or it is a non-standard abbreviation used only in 
figures/tables/appendices, in which case the abbreviation is defined in the figure legend or in the 
notes at the end of the table.
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Background

Atrial fibrillation (AF) and typical atrial flutter are 
common and debilitating abnormalities of the 
heart rhythm (arrhythmias).

There are two broad strategies for the management 
of AF and atrial flutter. Rhythm control strategies 
attempt to control the arrhythmia by restoring and 
maintaining a normal heart rhythm (sinus rhythm) 
whereas rate control strategies aim to control heart 
rate without attempting to remove the underlying 
arrhythmia. Both strategies are normally combined 
with anticoagulants or antiplatelet drugs to reduce 
the risk of stroke. Long-term rhythm and rate 
control strategies typically involve treatment with 
antiarrhythmic drugs (AADs). Acute conversion 
of an arrhythmia to sinus rhythm (‘cardioversion’) 
can be achieved using AADs or by controlled 
application of direct electrical current.

Radio frequency catheter ablation (RFCA) for 
the treatment of cardiac arrhythmias involves 
the percutaneous insertion of catheters that are 
guided by fluoroscopy to the heart. Small areas of 
tissue responsible for the propagation of abnormal 
electrical activity through the heart are selectively 
destroyed (ablated) using radio frequency energy to 
restore normal sinus rhythm. In recent years, focus 
has been on ablating tissue around the pulmonary 
veins in the left atrium for the treatment of AF 
and in an area of the right atrium called the 
cavotricuspid isthmus (CTI) for typical atrial flutter.

Technical aspects of RFCA continue to evolve such 
that the clinical studies represent experience with 
many variations in equipment and technique.

Objectives

The aim of this project was to determine the safety, 
clinical effectiveness and cost-effectiveness of RFCA 
for the curative treatment of (1) AF and (2) typical 
atrial flutter.

Methods

This technology assessment comprises the 
following sections: systematic reviews of clinical 
studies and economic evaluations of catheter 
ablation for AF and typical atrial flutter. In addition 
we developed a de novo economic model of 
catheter ablation in the treatment of AF.

For the systematic reviews of clinical studies we 
searched 25 bibliographic databases and internet 
sources, and checked the references of all included 
studies. The database searches were originally 
conducted in July 2006, with subsequent update 
searches for controlled trials conducted in April 
2007.

We included randomised (RCTs) and non-
randomised controlled trials comparing RFCA with 
alternative treatment strategies (i.e. AAD therapy 
and/or cardioversion) in adults with symptomatic 
AF or typical atrial flutter. We also included case 
series of at least 100 patients as well as studies 
comparing two or more variations on the RFCA 
approach. The latter were treated as uncontrolled 
RFCA case series.

An 18-item checklist was used to assess the 
quality of the included studies. All 18 items were 
applicable to controlled studies and a subgroup of 
eight of these items was applicable to case series.

The primary outcome was the proportion of 
patients free of arrhythmia at 12 months’ follow-
up; relative risks (RR) and related 95% confidence 
intervals (CIs) were calculated and, when 
considered sufficiently homogenous, statistically 
pooled using a fixed-effects model. When studies 
failed to report freedom from arrhythmia at 12 
months, mean follow-up data were shown but 
not included in any pooled analyses. Secondary 
outcomes were the occurrence of complications or 
adverse events and quality of life.

A broad range of studies was considered for 
inclusion in the review of cost-effectiveness, 
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including economic evaluations conducted 
alongside trials, modelling studies and analyses 
of administrative databases. Only full economic 
evaluations that compared two or more options and 
considered both costs and consequences (including 
cost-effectiveness, cost-utility and cost-benefit 
analyses) were included. The quality of studies was 
assessed according to a checklist updated from that 
developed by Drummond and Jefferson.1

A decision model was developed to evaluate a 
strategy of RFCA (without long-term AAD use) 
compared with long-term AAD treatment alone 
(amiodarone) in adults with paroxysmal AF. This 
was used to estimate the cost-effectiveness of 
RFCA in terms of cost per QALY under a range 
of assumptions. Decision uncertainty associated 
with this analysis was presented and used to 
inform future research priorities using the value of 
information analysis.

Results
Review of clinical effectiveness
A total of 4858 studies were retrieved from the 
searches. Of these, eight controlled studies 
and 53 case series of AF were included. Two 
controlled studies and 23 case series of typical 
atrial flutter were included. The majority of case 
series were judged to be of ‘poor’ quality; six of 
the ten included controlled studies were rated as 
‘satisfactory’.

Clinical effectiveness of RFCA 
for atrial fibrillation
Freedom from arrhythmia at 12 months in case 
series (when reported) ranged from 28% to 85.3% 
with a weighted mean of 76%.

Three RCTs (298 patients) suggested that RFCA 
is more effective than long-term AAD therapy 
in patients with drug-refractory paroxysmal AF 
[per-protocol RR 2.36 (95% CI 1.89–2.95)]. A 
large non-randomised trial had similar findings. 
Single RCTs also suggested superiority of RFCA 
over electrical cardioversion followed by long-term 
AAD (amiodarone) therapy and of RFCA plus AAD 
therapy over AAD maintenance therapy alone in 
drug-refractory patients.

The available RCTs provided insufficient evidence 
to determine the effectiveness of RFCA beyond 12 
months or in patients with persistent or permanent 
AF.

Adverse events and complications were 
generally rare. Some events were specific to 
ablation (tamponade, pericardial effusion, groin 
haematoma) whereas others were specific to AADs 
(corneal microdeposit, thyroid dysfunction, pro-
arrhythmia, sexual impairment). Mortality rates 
were low in both RCTs and case series. Cardiac 
tamponade and pulmonary vein stenosis were the 
most frequently recorded complications.

Clinical effectiveness of RFCA 
for typical atrial flutter
Freedom from arrhythmia at 12 months in case 
series (when reported) ranged from 85% to 92% 
with a weighted mean of 88%.

Neither of the atrial flutter RCTs reported freedom 
from arrhythmia at 12 months. One RCT found a 
statistically significant benefit favouring ablation 
over AADs in terms of freedom from arrhythmia 
at a mean follow-up of 22 months [RR 2.2 (95% 
CI 1.33–3.63)]. This study suggested a very large 
effect favouring ablation in terms of freedom from 
atrial flutter [RR 14.03 (95% CI 3.67–53.7)] and 
a smaller, but also significant, effect in terms of 
freedom from AF during follow-up [RR 1.77 (95% 
CI 1.08–2.90)].

A second RCT reported a more modest effect 
favouring ablation in terms of freedom from atrial 
flutter at follow-up in older patients (mean age 
78 years) after their first episode of flutter [RR 
1.36 (95% CI 1.13–1.64)]. No significant effect 
was observed for freedom from occurrence of 
significant AF [intention to treat RR 1.44 (95% CI 
0.68–3.08)].

In the atrial flutter case series, mortality was 
rare and the most frequent complications were 
atrioventricular block and haematomas. Across case 
series, no single complication occurred at a rate 
of more than 0.5%. Complications during longer-
term follow-up were rarely reported. Complications 
in the RCTs were similar, except for those events 
likely to have been caused by AAD therapy (i.e. 
thyroid dysfunction).

Review of cost-effectiveness 
and decision model

The review of cost-effectiveness evidence found one 
relevant study, which from a UK NHS perspective 
had a number of important limitations.

The base-case analysis in the decision model 
demonstrated that if the quality of life benefits of 
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RFCA are maintained over the remaining lifetime 
of the patient then the cost-effectiveness of RFCA 
appears clear. These findings were robust over 
a wide range of alternative assumptions, being 
between £7763 and £7910 per additional QALY 
with very little uncertainty.

If the quality of life benefits of RFCA are assumed 
to be maintained for no more than 5 years, cost-
effectiveness of RFCA is dependent on a number 
of factors, including: (1) any prognostic benefits 
associated with normal sinus rhythm (NSR); (2) the 
magnitude of any quality of life differences between 
RFCA and AADs; and (3) the long-term reduction 
in risk of recurrent AF following RFCA. Estimates 
of cost-effectiveness that explored the influence of 
these factors ranged from £23,000 to £38,000 per 
QALY.

Conclusions

The available evidence suggests that RFCA is a 
relatively safe and efficacious procedure for the 
therapeutic treatment of AF and typical atrial 
flutter. There is some randomised evidence to 
suggest that RFCA is superior to AADs in patients 
with drug-refractory paroxysmal AF in terms of 
freedom from arrhythmia at 12 months. RFCA 
appears to be cost-effective if the observed 

quality of life benefits are assumed to continue 
over a patient’s lifetime. However, there remain 
uncertainties around longer-term effects of the 
intervention and the extent to which published 
effectiveness findings can be generalised to ‘typical’ 
UK practice.

Recommendations 
for research

All catheter ablation procedures for the treatment 
of AF or atrial flutter undertaken in the UK 
should be recorded prospectively and centrally. 
A Central Cardiac Audit Database already exists, 
but measures to increase compliance in recording 
RFCA procedures may be needed. This would 
be of particular value in establishing the long-
term benefits of RFCA and the true incidence 
and impact of any complications. Collection of 
appropriate quality of life data within any such 
registry would also be of value to future clinical and 
cost-effectiveness research in this area.

Any planned multicentre RCTs comparing RFCA 
against best medical therapy for the treatment of 
AF and/or atrial flutter should be conducted among 
‘non-pioneering’ centres using the techniques and 
equipment typically employed in UK practice and 
should measure relevant outcomes.
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Chapter 1  

Background

Description of 
health problem
Atrial fibrillation (AF) and typical atrial flutter are 
common and debilitating abnormalities of the 
heart rhythm (arrhythmias). They are related but 
distinct conditions.

AF is characterised by irregular and rapid beating 
of the atria (the upper chambers of the heart). 
It may cause symptoms including palpitations, 
dizziness, chest pain and, in severe cases, loss 
of consciousness, but patients may also have AF 
without experiencing any symptoms.

An international consensus group has produced 
a definition and classification of AF and related 
arrhythmias2 that has also been used in recent 
international guidelines for the management 
of AF3 and in the UK guidelines produced by 
the National Collaborating Centre for Chronic 
Conditions on behalf of the National Institute 
for Health and Clinical Excellence (NICE).4 This 
classification recognises four different patterns of 
AF (Table 1).

AF may be progressive: for example, paroxysmal 
AF may deteriorate with an increase in the 
frequency of episodes or may change to persistent 

or permanent AF, whereas persistent AF may 
progress to permanent AF. Reversion of permanent 
AF to normal sinus rhythm is also possible in 
some cases, particularly when an underlying 
disease responsible for AF is treated successfully.4 
The term ‘lone AF’ is sometimes used to refer 
to AF that occurs in the absence of clinical or 
echocardiographic evidence of cardiopulmonary 
disease, including hypertension.

Atrial flutter is also an arrhythmia of the atria, 
which usually occurs paroxysmally, lasting from 
a few seconds to several hours.5 Symptoms are 
most prevalent when the flutter is paroxysmal 
and the ventricular rate in response to the flutter 
is rapid.5 The most common symptoms are 
palpitations, dyspnoea, chest discomfort, dizziness 
and weakness.5 Syncope is not a common symptom 
unless significant cardiac disease is also present.5 
Patients who have both atrial flutter and AF are 
usually more symptomatic.5

Aetiology, pathology 
and prognosis

The normal beating rhythm of the heart involves 
propagation of electrical activity from the sinoatrial 
node of the heart to stimulate contraction of the 
heart muscle (myocardium). Regular and ordered 

TABLE 1 Classification of atrial fibrillation

Terminology Clinical features Pattern

Initial event (first detected 
episode)

Symptomatic May or may not recur

Asymptomatic (first detected)

Onset unknown (first detected)

Paroxysmal Spontaneous termination within 7 days (usually within 
48 hours)

Recurrent

Persistent Not self-terminating Recurrent

Lasting over 7 days or requiring cardioversion

Permanent (‘accepted’) Not terminated Established

Terminated but relapsed

No cardioversion attempt

Reproduced from Lévy et al., 2003,2 with permission from the European Society of Cardiology.
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stimulation of the myocardium produces efficient 
contraction of the heart, which in turn maintains 
the pumping of blood around the body.

In AF, the normal rhythmic pattern of electrical 
impulses in the heart is replaced by a more random 
pattern produced by larger areas of atrial tissue. 
This can be detected on an electrocardiogram 
(ECG) by the absence of characteristic ‘P waves’ and 
their replacement by unorganised electrical activity. 
The propagation of irregular electrical activity in 
AF is complex and may involve more than one 
mechanism. The substrate for AF is diffuse and it 
may involve the whole atrium. Initial interventional 
approaches, for example the Maze operation (see 
Current service provision), attempted to address 
this. An important milestone was the observation 
of Haissaguerre and colleagues6 that focal triggers 
within the pulmonary veins (PVs) served to initiate 
AF and were potential targets for therapeutic 
intervention.

In contrast to AF, atrial flutter is caused by a 
single wave of electrical activation that follows a 
consistent path around the atria as the result of 
an intra-atrial macroreentry. The circuit involved 
in typical atrial flutter passes through an area of 
the right atrium called the cavotricuspid isthmus 
(CTI) between the tricuspid valve and the inferior 
vena cava and this observation underlies the 
development of catheter ablation strategies for 
the treatment of atrial flutter.7 On the ECG, atrial 
flutter is characterised by a ‘sawtooth’ pattern of 
electrical activity known as ‘flutter waves’. Atrial 
flutter is subdivided into typical (also known as type 

I and common atrial flutter) and atypical (type II) 
forms, which can be distinguished by differences 
in the flutter waves. Atypical flutter is not included 
in this report. Typical atrial flutter is divided into 
counterclockwise (the more common) and clockwise 
forms.

The irregular beating of the heart in AF and atrial 
flutter affects blood flow and increases the risk of 
formation of blood clots in the atria, which may 
subsequently be dislodged and travel to other 
parts of the body, disrupting the blood flow there 
(embolism). An embolism in the brain results 
in a stroke. Embolism to the lungs (pulmonary 
embolism) can also be life-threatening, although 
this is rarely seen in patients with AF. Population 
studies suggest that the risk of stroke is five times 
higher in people with AF compared with the 
general population,8 and mortality risk is also 
increased.9 Similarly, studies have reported an 
increased mortality with atrial flutter, although 
lower than that with AF or a combination of AF 
and flutter.10,11

Epidemiology and risk factors

AF is the common outcome of a wide range of 
pathological processes and a wide range of factors 
predispose to its development (Table 2). Increasing 
age, male sex, diabetes, hypertension and heart 
valve disease were associated with increased risk 
of developing AF in the Framingham (USA) 
epidemiological study.12 AF is often associated 
with various other types of heart disease (e.g. 
ischaemic heart disease, rheumatic heart disease, 

TABLE 2 Common causes of atrial fibrillation

Cardiac causes Non-cardiac causes

Common
Ischaemic heart disease
Rheumatic heart disease
Hypertension
Sick sinus syndrome
Pre-excitation syndromes (e.g. Wolff–Parkinson–White)

Less common
Cardiomyopathy or heart muscle disease
Pericardial disease
Atrial septal defect
Atrial myxoma

Acute infections, especially pneumonia
Electrolyte depletion
Lung cancer
Other thoracic pathology (e.g. pleural effusion)
Pulmonary embolism
Thyrotoxicosis

Reproduced from National Collaborating Centre for Chronic Conditions,4 with permission from the Royal College of 
Physicians.
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hypertension and sick sinus syndrome). AF may 
also result from non-cardiac causes (e.g. infections 
such as pneumonia, and various chest and lung 
diseases). Surgery, particularly cardiothoracic 
surgery, may also lead to the development of 
AF. When AF results from an acute underlying 
condition, treatment of the underlying condition 
may resolve AF. Lifestyle factors associated with an 
increased risk of AF include excessive alcohol and 
caffeine consumption and stress.

Atrial flutter is associated with old age and male 
gender.5 Medical conditions that are associated with 
atrial flutter include valvular heart disease, previous 
stroke, myocardial infarction, congenital heart 
disease and surgical repair of congenital heart 
disease, pericardial disease and thyrotoxicosis, 
cardiac tumours, hypertrophic cardiomyopathy, 
cardiothoracic surgery, major non-cardiac surgery, 
chronic pulmonary disease, pulmonary embolism 
and acute alcohol intoxication.5

Incidence/prevalence

AF is the most common arrhythmia. Prevalence 
increases with age (from about 0.5% in people 
aged 50–59 years to 9% in those aged 80–89 years) 
and is higher in men than in women. Prevalence 
of AF in the Renfrew–Paisley study in Scotland (a 
cohort aged 45–64 years, therefore typical of the 
population undergoing catheter ablation of AF) was 
6.5 cases per 1000 examinations, with increased 
risk being associated with age and male gender 
(around 14 cases per 1000 males and 8 cases 
per 1000 females at 60–64 years of age).13 The 
incidence of new cases of AF was 54 per 100,000 
person-years.13

Most data on prevalence and incidence of AF 
come from predominantly white populations 
and data on other ethnic groups are limited. A 
study in Birmingham found a prevalence of AF 
of 0.6% among Indo-Asian people aged over 50 
years compared with an overall prevalence of 
2.4%.4 Overall prevalence is rising because of an 
aging general population and increased longevity 
resulting from improved medical care among 
patients with chronic cardiac conditions that 
predispose to AF.14 This poses a major health-care 
challenge for the future.

The incidence of atrial flutter in the USA is 
reported to be 88 per 100,000 person-years.15,16 
The incidence increases with age: 5 per 100,000 
at age less than 50 years increasing to 587 per 
100,000 at age 80 years or more.16 The incidence 

of atrial flutter is two to five times higher in men 
than in women.

Impact of health problem

Symptomatic AF and atrial flutter or their 
combination can have a marked negative effect 
on a patient’s quality of life (QoL). Symptoms 
impact on QoL particularly by reducing exercise 
tolerance and in some cases cognitive function,4 
which may reduce the patient’s ability to work and 
take part in other everyday activities. Episodes 
of AF may require emergency treatment to 
improve symptoms such as breathlessness and 
chest pain. Treatment of AF also impacts on the 
patient through increased rates of consultation 
in primary and secondary care, hospitalisations 
and the adverse effects associated with AADs and 
other treatments. Many patients with AF and atrial 
flutter receive anticoagulation with warfarin, which 
requires regular monitoring to prevent over- and 
underdosing.

AF and atrial flutter are linked to other conditions 
such as stroke and heart failure. The presence of 
AF worsens the prognosis following a stroke, with 
increased disability, longer hospital stays and a 
reduced chance of being discharged home.4

The fact that AF and atrial flutter are common and 
increasing in prevalence means that the cost to 
health-care systems of managing these conditions is 
high. A 2004 study17 (using 1995 data extrapolated 
to 2000) estimated the direct cost of AF to the UK 
NHS in 2000 as £459 million, equivalent to 0.97% 
of total NHS expenditure. AF and atrial flutter 
have an impact on all sectors of the NHS, from 
emergency care to primary and secondary care to 
specialist tertiary referral.

Current service provision
Management of atrial 
fibrillation and atrial flutter
There are two broad strategies for the management 
of AF and atrial flutter. Rhythm control strategies 
attempt to control the arrhythmia by restoring 
and maintaining a normal heart rhythm (sinus 
rhythm) whereas rate control strategies involve 
control of heart rate without attempting to remove 
the underlying arrhythmia. Both strategies 
are normally combined with anticoagulants or 
antiplatelet drugs such as aspirin to reduce the risk 
of stroke.
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In recent UK guidelines it is recommended that 
patients with paroxysmal AF should be treated 
first with a rhythm control strategy, whereas a rate 
control strategy should be used first for patients 
with permanent AF. For those with persistent 
AF the choice between rhythm and rate control 
depends on a number of factors including age, 
severity of symptoms and presence of complicating 
factors, as well as patient preference.4

Short-term treatment options for typical atrial 
flutter are similar to those for AF and include 
pharmacological rate and rhythm control, electric 
shock treatment to restore normal heart rhythm, 
and pacing (using a pacemaker to interrupt the 
flutter rhythm).5 Standard options for longer-term 
management are continuing drug treatment and 
catheter ablation.

AADs may be used for both rate control and 
rhythm control. An imperfect but commonly 
used classification of AADs (Vaughan Williams 
classification) divides them into four classes (I–IV; 
class I has three subclasses, Ia–Ic) according to 
their effect on the different phases of electrical 
conduction in the myocardium.18 Some AADs fall 
outside this classification (see Table 3).

Rhythm control

The general term for restoration of AF or atrial 
flutter to normal sinus rhythm is ‘cardioversion’. 
Cardioversion may be carried out using 
drugs (pharmacological cardioversion) or by 
administering an electric shock to the heart 
(electrical cardioversion). Clinical trials suggest 
that electrical and pharmacological cardioversion 
are equally effective for restoration of sinus 

rhythm in patients with AF.19 In UK clinical 
practice, electrical cardioversion is generally 
preferred to pharmacological cardioversion 
for relatively prolonged AF (over 48 hours) 
whereas pharmacological cardioversion may be 
preferred for AF of more recent onset.4 Electrical 
cardioversion is associated with relatively high rates 
of reversion to AF and AADs are often given before 
and after the procedure.

A range of AADs in classes Ia, Ic and III are 
commonly used for pharmacological cardioversion 
and subsequently to maintain sinus rhythm in 
patients with AF or atrial flutter. Beta-blockers 
(class II) are also commonly used to maintain sinus 
rhythm following cardioversion. Such therapy has 
to be lifelong and, furthermore, is at best palliative 
as nearly all patients will continue to experience 
some degree of AF or flutter. In addition, AADs 
are associated with significant adverse events.20 
Some AADs can precipitate arrhythmia in 
patients with underlying heart disease. Therefore, 
careful monitoring of AAD therapy is required. 
Amiodarone in particular is associated with a 
range of adverse effects including pulmonary 
fibrosis, liver dysfunction, corneal deposits, thyroid 
problems, photosensitivity, peripheral neuropathy 
and central nervous system effects. Although there 
is evidence that amiodarone is more effective 
than some other AADs for maintenance of sinus 
rhythm,4 the risk of adverse effects means that in 
clinical practice amiodarone is generally reserved 
for use when other agents [e.g. beta-blockers, class 
Ic AADs and sotalol (class III)] have failed. This is 
the treatment sequence recommended in the UK 
national guidelines for patients with persistent 
or paroxysmal AF treated with a rhythm control 
strategy.4

TABLE 3 Vaughan Williams classification of antiarrhythmic drugs

Class Action Drugs

I Sodium channel blockade

 Ia Prolong repolarisation Quinidine, procainamide, disopyramide

 Ib Shorten repolarisation Lidocaine, mexiletine, tocainide, 
phenytoin

 Ic Little effect on repolarisation Encainide, flecainide, propafenone

II Beta-adrenergic blockade Propranolol, esmolol, acebutolol, 
l-sotalol

III Prolong repolarisation  
(potassium channel blockade; other)

Amiodarone, bretylium, d,l-sotalol, 
ibutilide

IV Calcium channel blockade Verapamil, diltiazem, bepridil

Miscellaneous Miscellaneous actions Adenosine, digitalis, magnesium
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Pharmacological rhythm control in atrial flutter 
also commonly involves AADs from classes Ia, Ic 
and III. However, long-term efficacy of AADs in 
atrial flutter is less well established than in AF, 
partly because patients with AF and flutter have 
been grouped together in many clinical trials.5 The 
risks of AAD treatment in patients with AF also 
apply to those with flutter.

Another option for rhythm control for some 
patients with paroxysmal AF is ‘pill-in-the-pocket’ 
therapy. This approach may be used with patients 
who have infrequent symptoms but the number of 
patients managed in this way in the UK is thought 
to be small.

Rate control

Rate control for the management of AF is most 
appropriate for patients with permanent AF and 
some patients with persistent AF. Drugs used for 
rate control include beta-blockers and rate-limiting 
calcium antagonists. Atrioventricular (AV) node 
ablation and pacing is a rate control procedure 
that involves ablation of the AV node to eliminate 
conduction of electrical signals from the atria 
to the ventricles, combined with implantation 
of a permanent pacemaker to control heart 
rate. Studies suggest that AV node ablation and 
pacing provides effective control of heart rate and 
improves symptoms in selected patients with AF.3 
A meta-analysis of studies published between 1989 
and 1998 concluded that the procedure improved 
cardiac symptoms and QoL and reduced health-
care resource use in patients with symptomatic 
AF resistant to medical treatment.21 However, 
patients treated with this approach still need 
anticoagulation because the underlying arrhythmia 
and risk of stroke remains, and they are dependent 
on a pacemaker for life.

Surgical ablation of atrial 
fibrillation and atrial flutter

Initial attempts to cure AF by selective creation of 
lesions within the atria used a surgical approach. 
The Maze procedure was pioneered by J. L. 
Cox and involved interrupting all of the circuits 
that could be involved in AF using a ‘cut and 
sew’ method. High rates of maintenance of 
sinus rhythm were reported following the Maze 
procedure but the procedure was technically 
difficult and was associated with relatively high 
mortality [30-day mortality of 0–7.2% in large 
case series (mean 2.1%)] and morbidity (including 

sinus node dysfunction, bleeding and stroke).22 
Modified versions of the Maze procedure were 
developed that involved creating a more limited set 
of lesions, and selected areas of tissue were ablated 
as an alternative to the ‘cut and sew’ approach. 
Cryoablation and radio frequency ablation can 
be performed using hand-held probes or clamp 
devices. Other energy sources for surgical ablation 
include laser, microwave and ultrasound. The vast 
majority of surgical procedures for ablation of AF 
are performed in conjunction with other heart 
surgery, particularly mitral valve surgery.22 Surgical 
ablation may also be an option for a minority of 
cases of atrial flutter but is less important for this 
arrhythmia than for AF.

Current service cost

A recent report17 estimated that about 1% of all 
NHS expenditure is the result of AF. In total, 50% 
of this expenditure was associated with hospital 
admissions and 20% with the costs of drug 
treatment. Implementation of the 2006 NICE 
guidance on management of AF is expected to 
result in increased expenditure, primarily through 
increased use of ECG to confirm diagnosis and 
increased use of anticoagulants. These increased 
costs are anticipated to be offset by savings 
resulting from strokes and deaths avoided by 
improved treatment.4 Costs directly associated with 
atrial flutter are likely to be lower than those for AF 
because the condition is much less common, but 
the close relationship between the two arrhythmias 
makes it difficult to separate them in terms of their 
cost to the health-care system.

Relevant national guidelines

Management of AF and related arrhythmias 
is covered in Chapter 8 of the National service 
framework for coronary heart disease.23 There are NICE 
guidelines for the management of AF in primary 
and secondary care;4 most of the recommendations 
are stated to apply to atrial flutter as well as AF. 
NICE has also issued an interventional procedure 
overview specifically of RFCA for AF.24 This is based 
on a rapid evidence review and expert opinion 
and is not intended as a definitive assessment of 
the procedure. The guidelines on management 
of AF recommend that patients with the following 
characteristics may benefit from referral for 
catheter ablation (PV isolation): patients with AF 
resistant to pharmacological treatment; younger 
rather than older patients (not defined); and those 
with ‘lone AF’.
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Description of technology 
under assessment
Catheter ablation is a relatively new, invasive 
technique for the treatment of cardiac arrhythmias. 
Curative percutaneous catheter ablation developed 
from the surgical ablation techniques briefly 
described above. The most well-established 
approach involves the percutaneous insertion of 
catheters, which are guided by fluoroscopy to the 
heart. Ablation for atrial flutter and fibrillation 
is now well understood with defined targets for 
ablation of the arrhythmia substrate. There are 
well-defined end points for atrial flutter ablation 
that predict high (80–90%) success rates.7 The end 
points for ablation of AF are less well defined, but 
success rates of 50–70% were reported by most 
centres in an early survey.25

Catheter ablation for atrial flutter is a highly 
standardised technique. Atrial flutter is most 
commonly caused by a specific reentrant circuit in 
the right atrium, and the approach to ablating this 
typical form of atrial flutter is well established, with 
ablation of a line between the tricuspid valve and 
the inferior vena cava [cavotricuspid isthmus (CTI) 
ablation].26

Catheter ablation in AF has developed in 
recent years such that it now primarily involves 
ablation of atrial tissue around the PVs.27 The 
procedure has changed over time because of 
changes in technology and increased knowledge 
of aetiology. Variations can relate to the type of 
catheter (standard or irrigated), type of ablation 
energy (e.g. radio frequency, cryoablation, 
microwave, laser, ultrasound), type of mapping 
technique used to locate and guide the catheters 
within the heart (e.g. intracardiac electrogram, 
intracardiac echocardiography, electroanatomical 
mapping), and the ablation approach itself (e.g. 
linear, focal, PV isolation). The two main types 
of approach are three-dimensional (3D)-guided 
compartmentalisation techniques and electrical 
disconnection of the PVs, sometimes referred to as 
circumferential and segmental ablation respectively.

Circumferential ablation uses a 3D guidance system 
to visualise the anatomical structure and ablation 
lines. This approach involves the creation of a 
continuous ablation line in the left atrium (LA) that 
surrounds and completely encloses the PVs. The 
end point of this type of procedure is completion 
of the planned ablation lines. Segmental ablation is 
an electrophysiological approach in which energy 
is applied near the PV–LA junction to destroy the 

electrical connections between the PV and LA. 
The end point of the procedure is achieved when 
all PV potentials are abolished or potentials are 
dissociated from the rest of the LA. Techniques 
that combine elements of both approaches, or that 
combine PV ablation with additional ablation lines 
in the LA, are increasingly used.

The Canadian Coordinating Office for Health 
Technology Assessment (CCOHTA) commissioned 
a systematic review28 (published in 2002) that 
covered RFCA for all types of arrhythmia. For atrial 
flutter, this review found one small RCT29 reporting 
reduced symptoms, a lower rate of complications 
and rehospitalisation, and improved QoL 
compared with drug therapy with almost 2 years’ 
mean follow-up. Case series30–44 suggested acute 
procedural success rates of 83–100% in patients 
with atrial flutter alone, but also suggested that up 
to 15% of patients may experience a recurrence. 
In relation to AF, the review summarised some of 
the earliest case series reporting PV isolation.6,45–49 
It concluded that the observed short-term clinical 
success rates of 62–88% in these series were 
‘encouraging’ but that PV isolation for AF must, 
at that time, be considered an experimental 
procedure.

More recently, the NICE Interventional Procedures 
Programme published an overview of RFCA for AF 
to support guidance issued in April 2006.24 This 
guidance concluded that current evidence ‘appears 
adequate to support the use of this procedure 
in appropriately selected patients’, defined as 
‘symptomatic patients with atrial fibrillation 
refractory to anti-arrhythmic drug therapy or 
where medical therapy is contraindicated because 
of co-morbidity or intolerance’. We are not aware 
of any recent systematic reviews or guidelines of 
catheter ablation for typical atrial flutter.

An international survey on catheter ablation for 
AF was published by Cappato and colleagues in 
2005.25 The survey questionnaire was sent to 777 
electrophysiology centres, of which 181 (23.3%) 
responded. The participating centres were 
considered by the authors to be representative 
of contemporary good clinical practice in 
interventional electrophysiology. Of the 181 centres 
that responded, 100 had ongoing programmes 
for catheter ablation of AF and they provided 
data on 11,762 procedures performed on 9370 
patients between 1995 and 2002. The median 
number of procedures per centre was 37.5 (range 
1–600). Complete data for assessment of efficacy of 
catheter ablation were provided for 8745 patients 
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who were followed up for a median of 12 months 
(range 1–98 months).

Table 4 summarises the details and key findings 
of the study. Of the patients for whom full data 
were available, 52% became free of symptoms 
without AADs and a further 23.9% became free of 
symptoms on a previously ineffective AAD regimen. 
In total, 24.3% of patients required two ablation 
procedures and 3.1% required three procedures. 
The success rate free of AADs was 52.7% for 65 
centres that treated patients with paroxysmal AF 
only, 48.5% for 17 centres that treated patients with 
paroxysmal or persistent AF, and 57.3% for eight 
centres that treated patients with all forms of AF.

Techniques used for catheter ablation of AF 
captured by the Cappato survey varied between 
centres and over time within centres. PV 
disconnection was the most prevalent technique 
overall and in the most recent years covered 
by the survey (2000–2002). Of 4918 patients 
for whom the energy source used for catheter 
ablation was known, 89% received radio frequency 
current ablation, 5% cryotherapy, 2% ultrasound, 
2% laser ablation and 2% ablation using other 

energy sources. The most common techniques for 
mapping and ablation were CARTO™ (BioSense 
Webster; 1846 patients in 43% of centres), Lasso 
(BioSense Webster; 3385 patients, 77% of centres), 
EnSite® (Endocardial Solutions; 141 patients, 12% 
of centres) and basket-shaped electrode catheters 
(317 patients, 21% of centres).

Success rates tended to increase with volume of 
procedures performed, overall success increasing 
from 59.9% in centres performing 1–30 procedures 
to 91% in those performing 231–300 and 87.9% 
in those performing more than 300 procedures in 
total. Success rates remained relatively constant 
across follow-up times ranging from less than 
3 months to more than 24 months (Table 5).

Major complications, including periprocedural 
death, cardiac tamponade, stroke, transient 
ischaemic attack and PV stenosis, occurred in 6% 
of patients. New-onset atypical atrial flutter was 
reported in 3.9% of patients; this phenomenon 
was significantly more frequent in centres using 
3D-guided compartmentalisation techniques than 
in those that performed ablation of the triggering 
substrate or PV electrical disconnection.

TABLE 4 Summary of the international survey of catheter ablation for atrial fibrillation25

Study details Main efficacy findings Main safety findings

Worldwide survey (181 centres)

Procedures performed 1995–
2002

9370 patients (11,762 procedures)

Efficacy data for 8745 patients 
(68.3% male, age range 16–86 
years)

Inclusion criteria: paroxysmal AF 
100% of centres; drug refractory 
93%; persistent AF 53%; 
permanent AF 20%

Exclusion criteria: lower limit of 
left ventricular ejection fraction 
between 30% and 35% (65% of 
centres); previous heart surgery 
(64%); upper limit of left atrial 
size between 50 and 60 mm of 
maximal transverse diameter 
(46%)

Freedom from AF without AADs: 
4550/8745 (52%, range among 
centres 14.5–76.5%)

Freedom from AF with previously 
ineffective AADs: 2094/8745 
(23.9%, range among centres 
8.8–50.3%)

Resolution of symptoms with or 
without AADs: 6644/8745 (76%, 
range among centres 22.3–91%)

All major complications: 524/8745 (6%)

Periprocedural death: 4/8745 (0.05%)
Cardiac tamponade: 107/8745 (1.2%)
Stroke: 20/8745 (0.2%)
Transient ischaemic attack: 47/8745 (0.5%)
PV stenosis: 117/8745 (1.3%)
Sepsis, abscess or endocarditis: 1/8745 (0.01%)
Pneumothorax: 2/8745 (0.02%)
Haemothorax: 14/8745 (0.02%)
Permanent diaphragmatic paralysis: 10/8745 (0.1%)
Femoral pseudoaneurysm: 47/8745 (0.5%)
Arteriovenous fistulae: 37/8745 (0.4%)
Valve damage: 1/8745 (0.01%)
Aortic dissection: 3/8745 (0.03%)

New-onset atypical atrial flutter: 340/8745 (3.9%)

Adapted from NICE.50
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TABLE 5 Success rates of catheter ablation for atrial fibrillation by follow-up duration25

Range of follow-up duration (months) Number of centres Overall success rate

0–3 4 122/179 (68.2%)

4–6 16 615/906 (67.8%)

7–9 14 939/1271 (73.9%)

10–12 15 1383/1537 (89.9%)

13–18 17 2035/2607 (78.1%)

19–24 8 326/467 (69.8%)

> 24 6 1125/1619 (69.5%)

The Cappato survey provides valuable information 
about success and complication rates of RFCA for 
AF in a worldwide sample of centres. It provides 
evidence of the range of techniques employed 
and the volume of procedures at different centres 
and their relationship to success rates. Potentially, 
the data relate to everyday clinical practice rather 
than to the sometimes highly selected populations 
included in clinical trials. On the other hand, the 
survey has a number of limitations:

Given the low response rate of around 23%, •	
the centres that responded to the survey are 
unlikely to be a representative sample.
The survey reports procedures performed •	
between 1995 and 2002; in view of the rapid 
developments in RFCA for AF, these results 
may not be representative of current practice.
The survey provides uncontrolled data and •	
gives no indication of the effectiveness of 
RFCA relative to other treatment strategies.
The authors do not report any longer-term •	
follow-up data on important clinical outcomes 
such as mortality and stroke.
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Decision problem

RFCA is generally indicated for the treatment of 
those patients with AF or atrial flutter for whom 
AAD therapy has proven ineffective, intolerable 
or unsafe. When successful, RFCA can eliminate 
the need for AADs or prevent patients having to 
progress to more powerful but more toxic agents 
such as amiodarone. However, the procedure also 
carries a risk of complications and morbidity, in 
particular an increased risk of stroke. It is unclear 
how well these risks are offset by the level of benefit 
achieved.

When successful, RFCA restores and maintains 
normal sinus rhythm (NSR). Thus, it should 
be considered as a rhythm control strategy and 
compared with rhythm control strategies, i.e. AADs 
for cardioversion and maintenance of NSR.

Within the patient populations being evaluated 
there are important subgroups of patients for 
whom the differential effects of catheter ablation 
need to be investigated. AF and atrial flutter 
must be considered separately. With AF there is a 
distinction between patients with the paroxysmal 
form of AF (in which AF comes and goes by itself) 
and patients with persistent (in which AF can 
only be stopped by cardioversion) or permanent 
(either AF cannot be stopped or the clinician has 
elected not to attempt to do so) AF. The distinction 
is drawn because of the higher success rates of 
ablation for treating paroxysmal AF.22 There is no 
similar distinction within atrial flutter.

Outcome measures to evaluate effectiveness 
and safety vary between studies and can include 
acute procedural success (e.g. re-established 
sinus rhythm), long-term maintenance of sinus 
rhythm, relief from symptoms, need for repeat 
ablation procedures, complications (e.g. cardiac 
tamponade), adverse events (e.g. sudden death, 
stroke), morbidity, mortality and QoL.

Possible modifiers of the effect of RFCA include the 
precise technology used for mapping and ablation, 
the experience of the team performing the 
procedure and follow-up care after the procedure.

Chapter 2  

Definition of decision problem

RFCA is currently provided by the NHS at 
specialist tertiary referral centres. The technical 
aspects of the procedure are developing rapidly 
and its use is expanding worldwide.25 RFCA is 
strongly advocated by many clinicians and recently 
there has been discussion of its use as a first-line 
treatment as an alternative to AAD therapy in 
selected patients. In view of the potential promise 
and uncertainties surrounding RFCA for AF and 
atrial flutter, an up-to-date review of the evidence 
for its clinical effectiveness, safety and cost-
effectiveness is clearly justified.

Overall aims and objectives 
of the assessment

The aim of this project is to determine the safety, 
clinical effectiveness and cost-effectiveness of 
RFCA for the curative treatment of (1) AF and 
(2) typical atrial flutter. It aims to examine the 
available evidence regarding the clinical and cost-
effectiveness of catheter ablation compared with 
relevant comparator treatments.

For the clinical review, comparative clinical studies 
have been supplemented with observational 
studies, as these constitute much of the evidence 
base for RFCA. A specific aim is to focus on 
evidence from the setting of the NHS and to 
consider evidence from other sources in relation 
to its generalisability to NHS practice. Gaps in the 
evidence are highlighted and recommendations 
presented for further research.

The specific objectives of the cost-effectiveness 
analysis are to: (1) structure an appropriate 
decision model to characterise patients’ care 
and subsequent prognosis and the impacts of 
alternative therapies; (2) populate this model 
using the most appropriate data identified 
systematically from published literature and 
routine sources; (3) relate intermediate outcomes 
to final health outcomes, expressed in terms of 
quality-adjusted life-years (QALYs); (4) estimate 
the mean cost-effectiveness of catheter ablation; 
and (5) characterise the uncertainty in the data 
used to populate the model and to present the 
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uncertainty in these results to decision-makers. To 
inform future research priorities in the NHS, the 
model will be used to undertake analyses of the 
expected value of information. The model focuses 

on the treatment of AF but consideration is given 
to extending the analysis to the treatment of typical 
atrial flutter.
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Methods for reviewing 
clinical effectiveness
Search strategy
Literature searches were conducted in 25 
bibliographic databases and internet sources. 
They were originally conducted in July 2006, with 
subsequent update searches for controlled trials 
conducted in April 2007. Our review aimed to 
build on the findings of the previous CCOHTA 
systematic review,28 but with a focus on research 
evidence of higher quality or of relevance to 
current practice. Therefore, any controlled trials 
from the earlier review were obtained for screening 
and the search strategies used in the CCOHTA 
review were rerun from the year 2000 onwards. 
No language restrictions were applied to any of 
the search strategies; however, terms referring to 
issues beyond the scope of the current review (e.g. 
ventricular tachycardia) were excluded. A variety of 
keywords and search strategies were used (details 
of the search strategies for all of the databases are 
presented in Appendix 1). The bibliographies of 
all relevant reviews and guidelines and all included 
studies were checked for further potentially 
relevant studies. Citation searching was also 
undertaken for selected papers. The following 
databases were searched:

Guidelines databases

BMJ Clinical Evidence. URL: www.•	
clinicalevidence.com/ceweb/index.jsp
Cardiovascular Diseases Specialist Library. •	
URL: www.library.nhs.uk/cardiovascular
Health Evidence Bulletin Wales. URL: http://•	
hebw.cf.ac.uk
HSTAT. URL: www.ncbi.nlm.nih.gov/books/•	
bv.fcgi?rid=hstat
National Guidelines Clearing House. URL: •	
www.guideline.gov
NICE. URL: www.nice.org.uk•	
NLH Guidelines Finder. URL: www.library.nhs.•	
uk/guidelinesFinder
Scottish Intercollegiate Guidelines Network •	
(SIGN). URL: www.sign.ac.uk
TRIP. URL: www.tripdatabase.com/index.html•	

Databases of systematic reviews

Cochrane Database of Systematic Reviews •	
(CDSR) (Cochrane Library). URL: www.library.
nhs.uk/)
Database of Abstracts of Reviews of Effects •	
(DARE) [Centre for Reviews and Dissemination 
(CRD) Internal Database]

Health-/medical-related databases

BIOSIS (DIALOG). URL: http://library.dialog.•	
com/
CENTRAL (Cochrane Central Register of •	
Controlled Trials) (Cochrane Library). URL: 
www.library.nhs.uk
Cumulative Index to Nursing and Allied •	
Health Literature (CINAHL) (OvidWeb). URL: 
http://gateway.ovid.com/athens
EMBASE (OvidWeb). URL: http://gateway.ovid.•	
com/athens
Health Technology Assessment Database •	
(HTA) (CRD Internal Database)
MEDLINE (OvidWeb). URL: http://gateway.•	
ovid.com/athens
MEDLINE In-Process and other non-indexed •	
citations (OvidWeb). URL: http://gateway.ovid.
com/athens
Science Citation Index (SCI) (Web of •	
Knowledge). URL: http://wos.mimas.ac.uk/

Databases of conference proceedings

ISI Proceedings: Science and Technology (Web •	
of Knowledge). URL: http://wos.mimas.ac.uk/
Zetoc Conferences (MIMAS). URL: http://•	
zetoc.mimas.ac.uk/

Databases for ongoing and 
recently completed research

ClinicalTrials.gov. URL: www.clinicaltrials.gov•	
ESRC SocietyToday Database. URL: www.esrc.•	
ac.uk/ESRCInfoCentre/index.aspx
MetaRegister of Controlled Trials. URL: www.•	
controlled-trials.com
National Research Register (NRR). URL: www.•	
update-software.com/national

Chapter 3  

Assessment of clinical effectiveness
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Research Findings Electronic Register (ReFeR). •	
URL: www.info.doh.gov.uk/doh/refr_web.nsf/
Home?OpenForm

Inclusion and exclusion criteria

Studies were included in the review if they met the 
following inclusion criteria:

Population
Adults with symptomatic AF or adults with typical 
atrial flutter. For AF, patients had to be refractory 
to at least one AAD. Studies with a mixed group 
of patients with both AF and atrial flutter, without 
reporting separate outcomes for each arrhythmia, 
were excluded.

Interventions
Percutaneous RFCA for the curative treatment 
of AF or typical atrial flutter. Non-RF techniques 
were excluded. Similarly, evaluations of ablation 
techniques no longer in use or considered obsolete 
(i.e. pre-1998)6 were excluded, as were studies 
evaluating surgical ablation (i.e. variations on the 
Maze procedure) and AV node ablation and pacing.

Comparators
When controlled studies were identified, AAD 
treatment (e.g. flecainide, sotalol, amiodarone) 
and/or cardioversion were considered relevant 
comparators. Controlled studies comparing 
catheter ablation with no therapy, when standard 
therapy in the form of AADs was given to all 
patients in both treatment arms, were also 
eligible for inclusion. Studies were excluded if the 
comparator was not intended to achieve rhythm 
control.

Outcomes
Studies were included if they reported any of 
the following outcomes: acute (in hospital) and 
long-term procedural success (i.e. freedom from 
recurrence of arrhythmia), incidence of symptoms, 
need for repeat ablation procedures, assessment 
of QoL, or complications (e.g. cardiac tamponade, 
stroke).

Study designs
The following study designs were included: RCTs 
comparing RFCA against a comparator and 
including at least 20 patients; non-randomised 
controlled studies (CCTs) with at least 100 patients 
comparing RFCA against a comparator; and case 
series reporting at least 100 consecutive cases. 
RCTs and CCTs comparing different variations 
in RFCA technique or equipment were treated 

as uncontrolled studies of catheter ablation and 
included if they reported at least 100 consecutive 
patients. This was a practical decision reflecting 
the fact that: (1) RFCA techniques are evolving 
rapidly and (2) our primary objective was to assess 
the effectiveness of RFCA relative to alternative 
approaches for the management of AF. When the 
same centre reported multiple case series, each of 
the series was included in the review and, when 
possible, those with potential overlaps in patient 
populations were identified before analysis.

Animal models, preclinical and biological studies, 
reviews, editorials, opinions and non-English 
language papers were excluded.

Data extraction strategy

Titles and abstracts were independently screened 
for relevance by two reviewers and all potentially 
relevant papers were ordered. Full papers were 
independently screened by two reviewers and 
the decision to include studies or not made 
according to the inclusion criteria detailed above. 
Disagreements were resolved by consensus, 
consulting a third reviewer if necessary.

Data were extracted on participants (including age, 
gender distribution, proportion of drug-refractory 
patients, proportion with concomitant structural 
heart disease, etc.), interventions (e.g. technique 
used, mapping system, type of catheter tip), 
comparators (e.g. type of AAD, dosage), outcomes 
(e.g. freedom from arrhythmia, complications/
adverse events, QoL, mortality) and study design/
quality. Data were extracted into a predefined 
Microsoft Access database. All data extraction 
was performed by one reviewer and checked by a 
second.

Quality assessment strategy

An 18-item checklist was used to assess the quality 
of the included studies (see Appendix 2). All 18 
items were applicable to controlled studies and a 
subgroup of eight of these items was applicable 
to case series. The items specific to controlled 
studies related to issues such as randomisation, 
concealment of allocation, baseline comparability 
of groups and blinding. Items common to both 
the case series and controlled studies addressed 
issues such as appropriateness of patient 
selection criteria, reporting of variability and 
loss to follow-up. These criteria were derived 
from CRD’s guidance on undertaking reviews of 
effectiveness51 and previously published reviews 
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incorporating case series data.52,53 Depending upon 
which specific quality criteria were met and the 
subsequent potential for bias, controlled studies 
could receive an overall quality rating of ‘poor’, 
‘satisfactory’, ‘good’ or ‘excellent’ and case series 
could be rated as ‘poor’, ‘satisfactory’ or ‘good’. 
Each included study was quality assessed by one 
reviewer and the quality assessment was checked by 
a second reviewer. Disagreements were resolved by 
consensus, consulting a third reviewer if necessary.

Role of clinical advisors
Clinical experts (DT, CP) collaborated closely 
throughout the review of clinical effectiveness, 
helping to refine the review question, identify all of 
the relevant evidence and interpret results.

Data analysis

As the aim of the review was to evaluate RFCA as 
a curative procedure in the management of AF 
and typical atrial flutter, the primary outcome 
was the proportion of patients free of arrhythmia 
at 12 months’ follow-up. The US Food and Drug 
Administration (FDA) has defined this as the 
preferred outcome for trials of catheter ablation.54 
Secondary outcomes were the occurrence of 
complications or adverse events and QoL. In 
addition, freedom from arrhythmia at other time 
points was also summarised. The results of RCTs 
reporting this outcome were displayed as risk ratios 
(RR) and related 95% confidence intervals (CIs) 
in forest plots and, when considered sufficiently 
homogenous, these were pooled in a meta-analysis 
using a fixed-effects model. Inconsistency was 
investigated using the standard chi-squared test 
for statistical heterogeneity and expressed as the 
I2 statistic. Where studies failed to report freedom 
from arrhythmia at 12 months, mean follow-up 
data were shown but not included in any pooled 
analyses.

To assess the impact of withdrawals and crossovers 
on trial results, the data were presented in three 
forms: per protocol (i.e. patients who remained on 
the protocol to which they were randomised and 
were available at follow-up); ‘worst case’ (in which 
withdrawals from the ablation group were assumed 
to have arrhythmia and those from the comparison 
group were assumed to be free of arrhythmia); 
and intention to treat (in which patients were 
analysed according to the group to which they were 
originally randomised, regardless of withdrawals 
or crossovers). FDA clinical study design guidance 
suggests that crossover from comparator to 
RFCA arm be treated as treatment failure in the 

comparator arm.54 Therefore, we have placed 
greater emphasis on the estimates based on the per 
protocol results.

Some studies reported time-to-event data, such 
as hazard ratios (HR) or arrhythmia-free Kaplan–
Meier survival curves. Where possible, HRs were 
either extracted from the paper or indirectly 
estimated using the methods described by Parmar 
et al.55

From the case series, rates of freedom from 
arrhythmia at 12 months and at mean follow-
up were presented and discussed in a narrative 
synthesis. Where reported, we calculated a 
weighted average for this outcome at 12 months 
using a random-effects model.

Data on complications were extracted from the case 
series and controlled studies and were tabulated 
and discussed in a narrative synthesis.

Results of review of  
clinical effectiveness –  
atrial fibrillation
Quantity and quality of 
research available

A total of 4860 studies were retrieved from the 
searches (see Figure 1). Of these, 483 were ordered 
and 86 studies (89 publications) met the inclusion 
criteria for the review. In total, 61 of these related 
to RFCA for AF (eight controlled studies and 53 
case series).

Of the eight controlled studies evaluating the 
effectiveness of RFCA for AF, one was rated 
‘good’,56 four were rated ‘satisfactory’57–60 and 
three were rated ‘poor’.61–63 Two studies were 
non-randomised, one of which reported clear 
differences between groups at baseline.61 The third 
‘poor’ study was rated as such because of the very 
limited information available in the published 
abstract.63 The study rated as ‘good’ was the only 
randomised study to blind outcome assessors to 
group allocation56 (see Table 6). One randomised60 
and one large non-randomised61 controlled study 
included patients who had not been proven to be 
drug refractory. However, it was decided that these 
studies could provide important evidence on the 
relative effects of RFCA and so they were included 
in the review, but any potential impact of their 
patient populations on outcomes was emphasised 
where relevant.
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Titles and abstracts 
identified and screened 

n = 4860 

Full copies retrieved and 
screened for inclusion 

n = 483 

Total number of publications included n = 89 
Total number of studies included n = 86 

 
Atrial fibrillation n = 61 (8 comparative trials, 53 case series) 

 
Atrial flutter n = 25 (2 comparative trials, 23 case series) 

Excluded n = 4377 
Not relevant n = 4353 

Records of research in progress n = 23 

Excluded n = 394 
 

Too few patients n = 149 
Not relevant technique n = 84 

Not adult participants only n = 1 
Patients not drug refractory n = 9 

No outcome data n = 20 
Wrong population n = 21 

Not consecutive patients n = 1 
Survey/registry n = 6 

Miscellaneous n = 103 

FIGURE 1 Flow chart of studies through the review process.

TABLE 6 Quality ratings of controlled studies

Study Study design Criteria met Overall quality rating

Krittayaphong et al., 200357 RCT 1, 4, 11–16, 18 Satisfactory

Pappone et al., 200361 CCT 4, 7, 9, 11, 13–18 Poor

Wazni et al., 200560 RCT 1, 2, 4, 9, 11–16, 18 Satisfactory

Oral et al., 200656 RCT 1, 2, 4, 7, 9–18 Good

Pappone et al., 2006 (APAF)58 RCT 1, 4, 9–11, 13–18 Satisfactory

Stabile et al., 200659 RCT 1, 2, 4, 10–18 Satisfactory

Lakkireddy et al., 200662 CCT 4, 9, 11 Poor

Jais et al., 200663 RCT 1, 9, 11, 12, 16, 17 Poor

See Appendix 2 for an explanation of the ratings and criteria used in quality assessment.
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Of 53 case series in AF, only two were rated as 
‘good’64,65 and three as ‘satisfactory’66–68 (Table 7). 
The UK case series by Bourke and colleagues66 was 
one of those rated ‘satisfactory’. The remaining 48 
series were rated as ‘poor’, most commonly because 
details of follow-up were lacking.

Ongoing research
The search of research registers for ongoing 
studies produced 23 records. Following contact 
with investigators, there were four studies which 
appeared relevant to the review that were in 
progress or completed but with no results available 
at the time of the review (Appendix 6).

In addition, the CABANA (Catheter Ablation 
versus Antiarrhythmic Drug Therapy for Atrial 
Fibrillation) trial69,70 began its pilot phase in late 

2006. This large RCT (planned to follow 3000 
patients for an estimated 5 years) is designed to 
determine whether there is a mortality benefit from 
catheter ablation compared with pharmacological 
rate and rhythm control strategies and will also 
evaluate effects on QoL, costs and resource use. 
Unfortunately, it will be some time before any 
results are available from this study.

Assessment of effectiveness 
from controlled trials
Trial characteristics

Six RCTs56–60,63 and two non-randomised studies61,62 
compared the effects of RFCA against an 
alternative treatment strategy for AF (see Appendix 
3.1). Patient characteristics are summarised in Table 
8 with a brief summary of each study given below.

TABLE 7 Quality ratings of case series

Study Criteria met Overall quality rating

Berkowitsch et al., 200571 11, 13, 16, 17, 18 Poor

Bertaglia et al., 200573 11, 12, 13, 15, 17, 18 Poor

Beukema et al., 200575 12, 13, 17, 18 Poor

Bhargava et al., 200477 12, 13, 15, 18 Poor

Bourke et al., 200566 11, 12, 14, 15, 16, 17, 18 Satisfactory

Cha et al., 200580 13, 18 Poor

Chen et al., 200482 11, 12, 13, 15, 17, 18 Poor

Daoud et al., 200667 11, 12, 13, 14, 15, 16, 17 Satisfactory

Deisenhofer et al., 200484 11, 12, 15, 16, 17, 18 Poor

Della Bella et al., 200568 12, 13, 14, 15, 16, 17, 18 Satisfactory

Dong et al., 200587 11, 13, 17, 18 Poor

Ernst et al., 200389 12, 13, 18 Poor

Essebag et al., 200591 12, 13, 15, 17, 18 Poor

Fassini et al., 200593 11, 12, 13, 15, 16, 17, 18 Poor

Herweg et al., 200595 11, 12, 13, 15, 17, 18 Poor

Hindricks et al., 200597 11, 12, 13, 15, 16, 17, 18 Poor

Hsieh et al., 200399 15 Poor

Hsu et al., 2004101 11, 13, 14, 15, 16, 18 Poor

Jais et al., 2004103 11, 12, 13, 15, 16, 17, 18 Poor

Karch et al., 2005105 11, 12, 13, 14, 15, 16, 18 Poor

Kilicaslan et al., 2005106 11, 12, 13, 15, 18 Poor

Kilicaslan et al., 2006108 11, 12, 13, 17, 18 Poor

Kobza et al., 2004110 11, 12, 16, 17, 18 Poor

continued
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Study Criteria met Overall quality rating

Kottkamp et al., 2004112 11, 12, 13, 16, 17, 18 Poor

Kumagai et al., 2005114 11, 12, 13, 15, 16, 17, 18 Poor

Lee et al., 2004116 13, 15, 18 Poor

Liu et al., 2005118 11, 13, 14, 15, 17, 18 Poor

Ma et al., 200672 11, 12, 17, 18 Poor

Macle et al., 200274 11, 12, 13, 15, 17, 18 Poor

Marchlinski et al., 200376 12, 17 Poor

Marrouche et al., 200278 12, 13, 14, 15, 16, 18 Poor

Nademanee et al., 200279 15 Poor

Nademanee et al., 200481 12, 13, 18 Poor

Nilsson et al., 200664 11, 12, 13, 14, 15, 16, 17, 18 Good

Oral et al., 200483 12, 13, 14, 15, 17, 18 Poor

Oral et al., 200485 12, 13, 14, 15, 17, 18 Poor

Pappone et al., 200186 11, 12, 14, 15, 17, 18 Poor

Pappone et al., 200188 12, 13, 14, 15, 17, 18 Poor

Pappone et al., 200490 11, 12, 13, 15, 16, 17, 18 Poor

Purerfellner et al., 200692 13, 18 Poor

Ren et al., 200494 12, 13, 18 Poor

Saad et al., 200396 12, 13, 15, 18 Poor

Saad et al., 200398 12, 13, 15, 18 Poor

Shah et al., 2001100 11, 12, 13, 15, 17, 18 Poor

Shah et al., 2003102 11, 12, 15, 17, 18 Poor

Trevisi et al., 2003104 12, 13, 18 Poor

Verma et al., 200565 11, 12, 13, 14, 15, 16, 17, 18 Good

Wazni et al., 2005107 12, 13, 15, 17, 18 Poor

Weerasooriya et al., 2003109 11, 12, 13, 15, 16, 17, 18 Poor

Weerasooriya et al., 2003111 11, 12, 15, 17, 18 Poor

Yamada et al., 2006113 12, 13, 17, 18 Poor

Yamane et al., 2002115 11, 12, 13, 15, 17, 18 Poor

Yu et al., 2001117 11 Poor

See Appendix 2 for an explanation of the ratings and criteria used in quality assessment.

TABLE 7 Quality ratings of case series

Results by trial
Krittayaphong et al., 200357

RCT (rated ‘satisfactory’) of RFCA versus 
amiodarone in patients with paroxysmal or 
persistent AF (70% paroxysmal, mean duration 4.6 
years). All patients were refractory to at least one 
AAD but had never received amiodarone.

A total of 15 patients randomised to RFCA 
underwent circumferential PV ablation, with an 
additional line connecting the circular line to the 

mitral annulus. In addition, CTI ablation was 
performed, plus a horizontal line at the level of the 
mid right atrium. RFCA could not be performed 
in one patient because of failure of trans-septal 
puncture. Electrical cardioversion was performed 
in two patients still in AF following ablation, and 
all patients received amiodarone for 3 months post 
procedure.

A total of 15 patients were randomised to long-
term amiodarone treatment. Cardioversion was 
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performed in patients with persistent AF. When 
serious side effects occurred, amiodarone was 
discontinued in favour of class Ia or Ic agents.

At 12 months post randomisation, 11/15 patients 
in the RFCA group were free of AF compared with 
6/15 patients in the amiodarone group.

Frequency of symptoms decreased from 42.8 (SD 
22.6) attacks per month at baseline to 0.9 (2.8) 
attacks per month at 12 months in the RFCA 
group. There was a non-significant decrease 
over the same period in the amiodarone group. 
Differences between groups were not statistically 
significant.

SF-36 (Short Form 36) general health and physical 
functioning scores improved significantly at 12 
months compared with baseline in the RFCA group 
but not in the amiodarone group. Between-group 
differences for general health score favoured 
ablation.

One stroke and one groin haematoma were 
associated with the ablation procedure. In the 
amiodarone group, seven patients experienced at 
least one adverse effect attributed to amiodarone: 
six had gastrointestinal (GI) adverse effects (mainly 
nausea), two each had corneal microdeposit, 
hypothyroidism and abnormal liver function test, 
and one had hyperthyroidism and sinus node 
dysfunction. Three patients in the RFCA group 
had amiodarone-attributed adverse effects during 
the 3-month amiodarone treatment period: two 
had GI adverse effects and one had sinus node 
dysfunction.

Pappone et al., 200361

Large non-randomised controlled study (rated 
‘poor’) comparing RFCA with long-term AAD 
treatment in patients with symptomatic AF (70% 
paroxysmal, mean duration 4.6 years).

A total of 589 consecutive patients underwent 
circumferential PV ablation. In total, 19.5% of 
patients were given previously ineffective AADs 
if they had in-hospital AF episodes or required 
cardioversion. AADs were discontinued 3 months 
after ablation in the absence of recurrences.

A control group of 582 patients received AAD 
therapy (33% amiodarone, 17% propafenone, 
15% flecainide, 13% sotalol, 9% quinidine, 6% 
disopyramide and 7% combined AAD therapy).

At 12 months, an estimated 84% of patients in the 
RFCA group and 61% of patients in the AAD group 
were free of AF. At 2 years these values were 79% 
and 47%, respectively, and at 3 years they were 78% 
and 37% respectively. There were a total of 120 AF 
recurrences in the ablation group and 340 in the 
AAD group.

After a median follow-up of 29.6 months there were 
more deaths overall in the AAD group (83 versus 
38). The difference remained apparent for deaths 
due to cardiovascular causes (59 versus 18).

Four patients in the RFCA group (0.7%) required 
pericardiocentesis for cardiac tamponade. A total 
of 46 ablated patients (8%) and 98 AAD-treated 
patients (19%) were managed for a total of 54 and 
117 adverse events respectively. Sinus rhythm was 
associated with significantly lower mortality rates 
[HR 0.24 (95% CI 0.16–0.37)] and adverse event 
rates [HR 0.22 (95% CI 0.15–0.31)].

SF-36 physical and mental composite scores from 
a subgroup of patients improved significantly from 
baseline to 1 year in ablated patients (n = 109) but 
not in medically treated patients (n = 102).

Wazni et al., 200560

RCT (rated ‘satisfactory’) comparing RFCA with 
long-term AAD treatment as first-line therapy in 
patients with symptomatic AF (96% paroxysmal, 
mean duration 5 months).

A total of 33 patients were randomised to receive 
segmental PV ablation. AADs were not given as 
part of the treatment protocol, but beta-blocker 
therapy was continued in 43% of patients. There 
were no repeat ablation procedures within the first 
year of follow-up. One patient was lost to follow-up.

A total of 37 patients were randomised to receive 
the maximum tolerable dose of AAD chosen 
by the treating physician (typically flecainide, 
propafenone or sotalol). Amiodarone was given 
only when two other drugs had previously failed. 
Two patients were lost to follow-up.

At 12 months, 87.5% of patients in the RFCA 
group were in sinus rhythm after a single 
procedure. For the same time period in the AAD 
group, 37% of patients were in sinus rhythm at 
follow-up. Sensitivity analyses accounting for 
patients lost to follow-up did not substantially 
change these results. There were no crossovers 
during the 12-month follow-up.
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TABLE 8 Population details: controlled studies – atrial fibrillation

Study Country
Quality 
rating

Number 
randomised 
(treated): 
RFCA

Number 
randomised 
(treated): 
control

Mean age 
(years) 
(SD): RFCA

Mean age 
(years) 
(SD): 
control Male (%)

Mean (SD) 
duration of 
symptoms: 
RFCA

Mean (SD) 
duration of 
symptoms: 
control

Previous 
AAD, mean 
(SD): RFCA

Previous 
AAD, mean 
(SD): control

Paroxysmal/
chronic (%): 
RFCA 

Paroxysmal/
chronic (%): 
control 

Heart disease 
(%): RFCA/
control 

Jais et al., 
200663

France, 
Canada, USA

Poor 53 (53) 59 (59) 51 (11) 
(overall)

51 (11) 
(overall)

83 NR NR At least 1 At least 1 100/0 100/0 NR

Krittayaphong 
et al., 200357

Thailand Satisfactory 15 (14) 15 (15) 55.3 (10.5) 48.6 (15.4) 63 62.9 (58.3) 
months

48.2 (63.7) 
months

1.7 (0.6) 1.9 (0.7) 73/27 67/33 13/13

Lakkireddy et 
al., 200662

USA Poor 138 (138) 139 (139) 70.6 (5.2) 70.2 (5.5) 67 2.5 (2.1) years 6.5 (3.3) years 3 (1)  2.4 (0.8) NR NR NR

133 (133) 70.3 (5.5) 6.5 (3.6) years 1.6 (1.4)

Oral et al., 
200656

Italy, USA Good 77 (77) 69 (69) 55 (9) 58 (8) 88 5 (4) years 4 (4) years 2 (1.2) 2.1 (1.2) 0/100 0/100 8/9

Pappone et al., 
200361

Italy Poor 589 (589) 582 (582) 65 (9) 65 (10) 59 5.5 (2.8) years 3.6 (1.9) years 3.1 (2.1) 2.3 (1.5) 69/31 71/29 37/34

Pappone et al., 
2006 (APAF)58

Italy Satisfactory 99 (99) 99 (99) 55 (10) 57 (10) 67 6 (4) years 6 (6) years 2 (1) 2 (1) 100/0 100/0 7/4

Stabile et al., 
200659

Italy Satisfactory 68 (68) 69 (69) 62.2 (9) 62.3 (10.7) 59 5.1 (3.9) years 7.1 (5.9) years NR NR 61.8/38.2 72.5/27.5 63/62

Wazni et al., 
200560

USA, Italy, 
Germany

Satisfactory 33 (33) 37 (37) 53 (8) 54 (8) – 5 (2) months 5 (2.5) months 0 0 97/3 95/5 25/28

NR, not reported; SD, standard deviation.

There was a significantly greater improvement in 
the ablation group than in the AAD group at 6 
months on five of the eight subscales of the SF-36 
questionnaire (general health, physical functioning, 
role physical, bodily pain, social functioning).

Two patients in the RFCA group developed mild 
to moderate PV stenosis. Three patients in the 
AAD group developed bradycardia. There were 
significantly more patients hospitalised in the AAD 
treatment group than in the RFCA group (54% 
versus 9%; p < 0.001).

Oral et al., 200656

RCT (rated ‘good’) comparing the effect of 
3 months’ treatment with amiodarone and 
cardioversion with or without the addition of 
RFCA on long-term maintenance of sinus rhythm 
in patients with persistent AF (mean duration 
approximately 4.5 years).

A total of 77 patients were randomised to receive 
circumferential PV ablation followed by 3 months 
of amiodarone treatment, plus cardioversion if 
AF recurred within those 3 months. In total, 25 of 

these patients underwent a repeat ablation (20 for 
AF, five for flutter).

A total of 69 patients were randomised to receive 
amiodarone treatment for 3 months, plus 
cardioversion if AF recurred. In total, 53 of these 
patients (77%) ultimately elected to cross over into 
the RFCA group because of recurrent AF.

According to intention to treat analysis at 12 
months, 74% of patients in the RFCA group were 
in sinus rhythm without AAD therapy, compared 
with 58% in the amiodarone group (p = 0.05). If the 
need for any treatment (ablation or drugs) after 3 
months was considered a treatment failure, 74% of 
patients in the RFCA group were in sinus rhythm 
without AAD therapy, compared with 4% of those 
in the amiodarone group.

Patients in sinus rhythm had greater improvements 
in symptom severity score than those with recurrent 
AF or atrial flutter (p = 0.002).

In the RFCA group, five patients required further 
ablation for atypical atrial flutter. No other 
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TABLE 8 Population details: controlled studies – atrial fibrillation

Study Country
Quality 
rating

Number 
randomised 
(treated): 
RFCA

Number 
randomised 
(treated): 
control

Mean age 
(years) 
(SD): RFCA

Mean age 
(years) 
(SD): 
control Male (%)

Mean (SD) 
duration of 
symptoms: 
RFCA

Mean (SD) 
duration of 
symptoms: 
control

Previous 
AAD, mean 
(SD): RFCA

Previous 
AAD, mean 
(SD): control

Paroxysmal/
chronic (%): 
RFCA 

Paroxysmal/
chronic (%): 
control 

Heart disease 
(%): RFCA/
control 

Jais et al., 
200663

France, 
Canada, USA

Poor 53 (53) 59 (59) 51 (11) 
(overall)

51 (11) 
(overall)

83 NR NR At least 1 At least 1 100/0 100/0 NR

Krittayaphong 
et al., 200357

Thailand Satisfactory 15 (14) 15 (15) 55.3 (10.5) 48.6 (15.4) 63 62.9 (58.3) 
months

48.2 (63.7) 
months

1.7 (0.6) 1.9 (0.7) 73/27 67/33 13/13

Lakkireddy et 
al., 200662

USA Poor 138 (138) 139 (139) 70.6 (5.2) 70.2 (5.5) 67 2.5 (2.1) years 6.5 (3.3) years 3 (1)  2.4 (0.8) NR NR NR

133 (133) 70.3 (5.5) 6.5 (3.6) years 1.6 (1.4)

Oral et al., 
200656

Italy, USA Good 77 (77) 69 (69) 55 (9) 58 (8) 88 5 (4) years 4 (4) years 2 (1.2) 2.1 (1.2) 0/100 0/100 8/9

Pappone et al., 
200361

Italy Poor 589 (589) 582 (582) 65 (9) 65 (10) 59 5.5 (2.8) years 3.6 (1.9) years 3.1 (2.1) 2.3 (1.5) 69/31 71/29 37/34

Pappone et al., 
2006 (APAF)58

Italy Satisfactory 99 (99) 99 (99) 55 (10) 57 (10) 67 6 (4) years 6 (6) years 2 (1) 2 (1) 100/0 100/0 7/4

Stabile et al., 
200659

Italy Satisfactory 68 (68) 69 (69) 62.2 (9) 62.3 (10.7) 59 5.1 (3.9) years 7.1 (5.9) years NR NR 61.8/38.2 72.5/27.5 63/62

Wazni et al., 
200560

USA, Italy, 
Germany

Satisfactory 33 (33) 37 (37) 53 (8) 54 (8) – 5 (2) months 5 (2.5) months 0 0 97/3 95/5 25/28

NR, not reported; SD, standard deviation.

complications related to ablation or drug therapy 
were reported.

Pappone et al., 2006 (APAF)58

RCT (rated ‘satisfactory’) comparing RFCA with 
long-term AAD treatment in patients with drug-
refractory paroxysmal AF (mean duration 6 years).

A total of 99 patients were randomised to receive 
circumferential PV ablation. Patients received 
AADs for 6 weeks post procedure, after which drug 
treatment was stopped. Nine of these patients 
underwent a repeat ablation (six for recurrent AF, 
of which five were successful, and three for atrial 
tachycardia, all successful). Five patients went on to 
have AAD therapy to maintain sinus rhythm.

A total of 99 patients were randomised to receive 
AADs (amiodarone, flecainide or sotalol, either 
singly or in combination) at the maximum 
tolerable doses. In total, 42 of these patients (42%) 
elected to cross over into the RFCA group after two 
failed AADs over 3 months. Of the 42 crossovers to 
RFCA, 36 were successful in terms of subsequent 
freedom from arrhythmia.

At 12 months, 86% of patients in the RFCA group 
were in sinus rhythm after a single procedure 
and without the need for AAD therapy. Including 
repeat ablations and patients on adjunctive AADs, 
93% of patients in the RFCA group were in sinus 
rhythm at 12 months. For the same time period 
in the AAD group, 24% of patients were in sinus 
rhythm after the first tested AAD and 35% were in 
sinus rhythm after combination therapy.

No serious complications occurred in the RFCA 
group, although three patients developed post-
ablation atrial tachycardia requiring further 
ablation. Significant adverse events leading 
to permanent drug withdrawal occurred in 23 
patients. There were significantly more hospital 
admissions in the AAD treatment group than in the 
RFCA group (167 versus 24; p < 0.001).

Stabile et al., 200659

RCT (rated ‘satisfactory’) comparing long-term 
AAD treatment with or without RFCA in patients 
with paroxysmal or persistent AF for which AAD 
therapy had already failed (66% paroxysmal, mean 
duration 6.1 years).
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A total of 68 patients were randomised to receive 
an AAD chosen by the physician (preferentially 
amiodarone, or class Ic if amiodarone could not 
be tolerated) and also undergo circumferential PV 
ablation, with an additional line connecting the 
left inferior PV to the mitral annulus. In addition, 
CTI ablation was performed when considered 
appropriate. There were no repeat ablations. Two 
patients were lost to follow-up.

A total of 69 patients were randomised to 
receive an AAD chosen by the physician without 
ablation. The AAD was only changed if the patient 
experienced a recurrence of arrhythmia. In total, 
36 patients (52%) with AF relapses eventually 
crossed over to receive ablation while continuing 
the previously ineffective AAD regime. Two patients 
were lost to follow-up.

According to the authors’ analysis, at 12 months 
56% of patients in the AAD plus ablation group 
were in sinus rhythm after a single procedure. For 
the same time period in the AAD therapy alone 
group, 9% of patients remained in sinus rhythm 
during follow-up.

Three major complications were related to the 
ablation procedure: one stroke (patient died 
9 months later of a brain haemorrhage), one 
transient phrenic paralysis, and one pericardial 
effusion requiring pericardiocentesis. In the control 
group there was one transient ischaemic attack and 
two deaths (one sudden death, one cancer). There 
was no significant difference in the median number 
of hospitalisations needed between groups (one 
versus two; p = 0.34).

Jais et al., 200663

An unpublished RCT (rated ‘poor’, mainly because 
of the limited reporting of trial details) comparing 
RFCA with long-term AAD treatment in patients 
with drug-refractory paroxysmal AF.

A total of 53 patients were randomised to receive 
segmental PV ablation. A mean of 1.8 PV ablation 
procedures were conducted. In addition, 64% of 
patients were reported to have had CTI ablation, 
30% had mitral isthmus ablation and 17% had 
ablation of the roof line.

A total of 59 patients were randomised to receive 
AADs (including beta-blockers and classes I, III and 
IV AADs, alone or in combination; amiodarone 
was used in 22 patients). In total, 37 patients (63%) 
elected to cross over into the RFCA group.

The primary end point was absence of AF 
for 3 minutes or more (either symptomatic or 
documented). At the 12-month follow-up, 75% of 
patients in the RFCA group and 6% of patients 
in the AAD group were AF free. RFCA was also 
favoured in terms of duration of recurrent AF 
episodes [8 minutes (SD 55) versus 150 minutes (SD 
350)].

One tamponade and one PV stenosis (> 50%) 
occurred in the RFCA group. There was one case of 
amiodarone-induced hyperthyroidism.

Lakkireddy et al., 200662

An unpublished, non-randomised study (rated 
‘poor’) comparing RFCA in older patients with 
AF (aged 60–80 years) with AV node ablation or 
direct current cardioversion (DCC) in age-matched 
control subjects.

The authors of this study concluded that PV 
ablation had significant mortality and morbidity 
benefits against the other therapeutic strategies; 
however, because of the inadequate and 
inconsistent data currently available for this study, 
it will not be discussed further here. For the sake of 
completeness, the available details are presented in 
Appendix 3.1.

Results by outcome
Freedom from arrhythmia at 12 months
Figure 2 shows the RR and associated 95% 
confidence intervals for freedom from arrhythmia 
at 12 months for the six RCTs reporting sufficient 
data to calculate this outcome.

The forest plots show that all of the included 
controlled studies favour ablation over AAD-based 
management, but the extremely high degree of 
statistical heterogeneity observed between the 
studies (I2 85.8–91.7%) indicates clearly that a 
pooled value for the group of studies as a whole 
is not considered appropriate. The heterogeneity 
can be partly explained by variation in patient 
populations and interventions: one study (Oral 
et al.56) was limited to patients with persistent AF; 
one (Stabile et al.59) evaluated combined RFCA/
AAD treatment versus AADs alone (see Figure 2). 
The remaining randomised evidence included 
four RCTs57,58,60,63 comparing ablation with long-
term AAD treatment (predominantly amiodarone, 
sotalol and class Ic agents, when reported) for the 
maintenance of sinus rhythm. However, when these 
four trials were pooled, highly significant statistical 
heterogeneity (I2 74%) remained (Appendix 4). 
One RCT63 intensively followed up arrhythmia in 
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Review: Catheter ablation for atrial fibrillation and flutter
Comparison: 01 AF: Any CA vs any AAD therapy (RCTs)
Outcome: 01 Freedom from arrhythmia at 12 months: per protocol

Study or 
subcategory

CA
n/N

AADs
n/N

RR (fixed) 
95% CI

Weight
%

RR (fixed) 
95% CI Year

Krittayaphong, 200357 11/14 6/15 9.03 1.96 (1.00–3.87) 2003
Wazni, 200560 28/32 13/35 19.36 2.36 (1.50–3.70) 2005
Jais, 200663 40/53 4/59 5.90 11.13 (4.27–29.03) 2006
Oral, 200656 57/77 3/69 4.93 17.03 (5.59–51.90) 2006
Pappone, 200361 85/99 35/99 54.58 2.43 (1.84–3.21) 2006
Stabile, 200659 36/66 4/67 6.19 9.14 (3.44–24.23) 2006

Total (95% CI) 341 344 100.00 4.02 (3.21–5.03)
Total events: 257 (CA), 65 (AADs)
Test for heterogeneity: χ² = 35.84, df = 5 (p < 0.00001), I² = 86.1%
Test for overall effect: z = 12.18 (p < 0.00001)

 0.01  0.1  1  10  100
Favours AADs             Favours ablation

Review: Catheter ablation for atrial fibrillation and flutter
Comparison: 01 AF: Any CA vs any AAD therapy (RCTs)
Outcome: 02 Freedom from arrhythmia at 12 months: ‘worst case’

Study or 
subcategory

Ablation
n/N

AAD therapy 
n/N

RR (fixed) 
95% CI

Weight
%

RR (fixed) 
95% CI Year

Krittayaphong, 200357 11/15 6/15 8.82 1.83 (0.92–3.66) 2003
Wazni, 200560 28/33 15/37 20.78 2.09 (1.38–3.17) 2005
Jais, 200663 40/53 4/59 5.56 11.13 (4.27–29.03) 2006
Oral, 200656 57/77 3/69 4.65 17.03 (5.59–51.90) 2006
Pappone, 200361 85/99 35/99 51.43 2.43 (1.84–3.21) 2006
Stabile, 200659 36/68 6/69 8.75 6.09 (2.74–13.51) 2006

Total (95% CI) 345 348 100.00 3.79 (3.05–4.71)
Total events: 257 (Ablation), 69 (AAD therapy)
Test for heterogeneity: χ² = 35.10, df = 5 (p < 0.00001), I² = 85.8%
Test for overall effect: z = 12.01 (p < 0.00001)

 0.01  0.1  1  10  100
Favours AADs             Favours ablation

Review: Catheter ablation for atrial fibrillation and flutter
Comparison: 01 AF: Any CA vs any AAD therapy (RCTs)
Outcome: 03 Freedom from arrhythmia at 12 months: intention to treat

Study or 
subcategory

Ablation
n/N

AADs
n/N

RR (fixed) 
95% CI

Weight
%

RR (fixed) 
95% CI Year

Krittayaphong, 200357 12/15 6/15 4.19 2.00 (1.02–3.91) 2003
Wazni, 200560 29/33 15/37 9.88 2.17 (1.44–3.27) 2005
Jais, 200663 40/53 4/59 2.65 11.13 (4.27–29.03) 2006
Oral, 200656 57/77 40/69 29.49 1.28 (1.00–1.62) 2006
Pappone, 200361 98/99 71/99 49.62 1.38 (1.22–1.56) 2006
Stabile, 200659 38/68 6/69 4.16 6.43 (2.91–14.21) 2006

Total (95% CI) 345 348 100.00 1.92 (1.69–2.18)
Total events: 274 (Ablation), 142 (AADs)
Test for heterogeneity: χ² = 60.03, df = 5 (p < 0.00001), I² = 91.7%
Test for overall effect: z = 10.07 (p < 0.00001)

 0.01  0.1  1  10  100
Favours AADs              Favours ablation

FIGURE 2 Freedom from arrhythmia at 12 months: all atrial fibrillation randomised controlled trials.
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a way that differs from typical clinical practice and 
from follow-up protocols in other trials making the 
same comparison. This trial reported an unusually 
high rate of failures associated with AAD use, 

resulting in a very different relative effect from 
other RCTs. Removal of this study from the pooled 
comparison removed all statistical heterogeneity (I2 
0%; see Figure 3).

Review: Catheter ablation for atrial fibrillation and flutter
Comparison: 02 AF: RFCA vs AAD maintenance therapy
Outcome: 01 Freedom from arrhythmia at 12 months: per protocol

Study or 
subcategory

RFCA
n/N

AADs
n/N

RR
95% CI

Weight
%

RR (fixed) 
95% CI Year

Krittayaphong, 200357 11/14 6/15 10.89 1.96 (1.00–3.87) 2003
Wazni, 200560 28/32 13/35 23.34 2.36 (1.50–3.70) 2005
Pappone, 200361 85/99 35/99 65.78 2.43 (1.84–3.21) 2006

Total (95% CI) 145 149 100.00 2.36 (1.89–2.95)
Total events: 124 (RFCA), 54 (AADs)
Test for heterogeneity: χ² = 0.32, df = 2 (p = 0.85), I² = 0%
Test for overall effect: z = 7.53 (p < 0.00001)

 0.1  0.2  0.5  1  2  5  10
 Favours AADs  Favours ablation

Review: Catheter ablation for atrial fibrillation and flutter
Comparison: 02 AF: RFCA vs AAD maintenance therapy
Outcome: 02 Freedom from arrhythmia at 12 months: ‘worst case’

Study or 
subcategory

Ablation
n/N

AADs
n/N

RR
95% CI

Weight
%

RR (fixed) 
95% CI Year

Krittayaphong, 200357 11/15 6/15 10.88 1.83 (0.92–3.66) 2003
Wazni, 200560 28/33 15/37 25.65 2.09 (1.38–3.17) 2005
Pappone, 200361 85/99 35/99 63.47 2.43 (1.84–3.21) 2006

Total (95% CI) 147 151 100.00 2.28 (1.83–2.84)
Total events: 124 (Ablation), 56 (AADs)
Test for heterogeneity: χ² = 0.74, df = 2 (p = 0.69), I² = 0%
Test for overall effect: z = 7.35 (p < 0.00001)

 0.1  0.2  0.5  1  2  5  10
 Favours AADs  Favours ablation

Review: Catheter ablation for atrial fibrillation and flutter
Comparison: 02 AF: RFCA vs AAD maintenance therapy
Outcome: 03 Freedom from arhythmia at 12 months: intention to treat

Study or 
subcategory

Ablation
n/N

AADs
n/N

RR
95% CI

Weight
%

RR (fixed) 
95% CI Year

Krittayaphong, 200357 12/15 6/15 6.58 2.00 (1.02–3.91) 2003
Wazni, 200560 29/33 15/37 15.52 2.17 (1.44–3.27) 2005
Pappone, 200361 98/99 71/99 77.90 1.38 (1.22–1.56) 2006

Total (95% CI) 147 151 100.00 1.54 (1.36–1.76)
Total events: 139 (Ablation), 92 (AADs)
Test for heterogeneity: χ² = 6.26, df = 2 (p = 0.04), I² = 68.0%
Test for overall effect: z = 6.57 (p < 0.00001)

 0.1  0.2  0.5  1  2  5  10
 Favours AADs  Favours ablation

FIGURE 3 Freedom from arrhythmia at 12 months: RFCA vs long-term AAD therapy in paroxysmal atrial fibrillation.
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Within the three remaining RCTs comparing 
ablation with long-term AAD treatment that could 
be pooled in a meta-analysis,57,58,60 97% of the 
patients (Figure 3) were diagnosed with paroxysmal 
AF (ten patients in the Krittayaphong et al.57 study 
had chronic AF) and the majority of patients (75%, 
87%, 93%, respectively) were free of structural 
heart disease in the three trials. Only nine repeat 
ablation procedures were reported (all in the APAF 
study). The pooled per protocol results showed that 
significantly more patients undergoing RFCA were 
free of arrhythmia (without AADs) at 12 months’ 
follow-up than those receiving AAD maintenance 
therapy alone [RR 2.36 (95% CI 1.89–2.95)]. There 
were only four patients lost to follow-up across 
the three studies; assuming that data from these 
patients would be unfavourable to ablation had 
little influence on the pooled estimate [RR 2.28 
(95% CI 1.83–2.84)]. The pooled intention to treat 
analysis ignoring crossovers indicated a smaller but 
statistically significant effect in favour of ablation 
[RR 1.54 (95% CI 1.36–1.76)]. As the study of 
Wazni et al.60 was limited to patients undergoing 
first-line therapy, the mean duration of AF was 
considerably shorter in this trial (5 months) than 
in the other two trials (4.6 years and 6 years). 
However, sensitivity analyses involving the removal 
of the Krittayaphong and Wazni studies had little 
influence on the overall estimate of effect (see 
Appendix 4).

One RCT by Oral et al.56 compared the effect 
of adding ablation to a short-term (3 month) 
amiodarone/cardioversion treatment strategy 
on subsequently achieving sinus rhythm without 
the need for AADs in patients with persistent 
AF. The majority of patients in the amiodarone/
cardioversion treatment arm (77%) crossed 
over into the ablation arm before the 12-month 
follow-up. Forest plots showing the effect on 
sinus rhythm without AADs at 12 months are 
given in Appendix 4. Disregarding the very large 
crossover and analysing the data by original 
treatment allocation gives a relatively small effect, 
of borderline statistical significance, in favour of 
ablation [RR 1.28 (95% CI 1.00–1.62)]. If the need 
for additional treatment for recurrent AF after 
the initial 3 months was considered a failure of 
short-term therapy, the effect was much larger and 
significantly favoured the group that had received 
ablation [RR 17.03 (95% CI: 5.59–51.90)].

Stabile et al.59 evaluated the effect of adding 
ablation to a long-term AAD maintenance strategy 
in patients for whom previous AAD therapy had 
already failed. As in the Oral et al. trial, a high 

proportion of patients (52%) crossed over from 
the AADs alone group to receive ablation after 
recurrence of AF. For freedom from arrhythmia 
at 12 months, the intention to treat analysis 
reported by the study authors showed a large, 
statistically significant effect in favour of ablation 
[RR 6.43 (95% CI 2.91–14.21)]. Assuming that data 
from patients lost to follow-up would have been 
unfavourable to ablation gave a slightly smaller 
pooled estimate [RR 6.09 (95% CI 2.74–13.51)], 
and per protocol analysis increased the pooled 
estimate [RR 9.14 (95% CI 3.44–24.23); see 
Appendix 4). It is not entirely clear why the relative 
effect for this comparison (RFCA plus AADs versus 
AADs alone) should be noticeably larger than that 
typically seen in the RCTs comparing RFCA against 
AADs alone, although the very low success rate 
seen in the AADs alone arm of Stabile et al. may be 
attributable to the intensive follow-up (patients had 
daily ECG recordings for 3 months) undertaken in 
this study.

The preliminary findings of a trial by Jais et al. 
were reported in a conference abstract.63 This study 
appeared to have intensive follow-up of arrhythmia, 
similar to the trial by Stabile et al., and similarly 
reported a large, statistically significant effect in 
favour of RFCA over ongoing AAD therapy [RR 
11.13 (95% CI 4.27–29.03)].

For reference, Table 9 shows these results for 
the meta-analysis and trials that could not be 
pooled when calculated as odds ratios and related 
confidence intervals. However, our discussion of 
the findings will be limited to the RR estimates as 
relative probabilities are more easily interpreted 
than relative odds.

Freedom from arrhythmia at 
other follow-up points
Of the studies reporting adequate freedom from 
arrhythmia data at other follow-up points, five 
were randomised and one was non-randomised. 
By far the largest of the studies was the non-
randomised comparison of ablation against AAD 
therapy conducted by Pappone et al.61 A lack of 
randomisation means that the two treatment 
arms are more likely to be unbalanced at baseline 
in terms of key participant characteristics. This 
appears to be true in the case of this particular 
study; at baseline the ablation group had longer 
duration of AF, a greater number of failed AADs 
and more frequent hospitalisation than the medical 
treatment group. However, survival analysis (mean 
follow-up of 900 days) indicated a significantly 
lower overall rate of AF recurrence in the ablation 
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TABLE 9 Atrial fibrillation  – relative risks and odds ratios for freedom from arrhythmia at 12 months

Relative risk 
(95% confidence interval)

Odds ratio 
(95% confidence interval)

Any RFCA vs AAD maintenance therapy (three pooled studies)

 Per protocol 2.36 (1.89–2.95) 10.35 (5.85–18.32)

 ‘Worst case’ 2.28 (1.83–2.84) 9.11 (5.23–15.86)

 Intention to treat 1.54 (1.36–1.76) 14.63 (6.13–34.95)

RFCA vs short-term amiodarone and cardioversion (one study)

 Per protocol 17.03 (5.59–51.90) 62.7 (17.71–221.97)

 Intention to treat 1.28 (1.00–1.62) 2.07 (1.03–4.15)

RFCA plus AAD therapy versus AAD maintenance therapy alone (one study)

 Per protocol 9.14 (3.44–24.23) 18.9 (6.16–57.97)

 ‘Worst case’ 6.09 (2.74–13.51) 11.81 (4.51–30.95)

 Intention to treat 6.43 (2.91–14.21) 13.30 (5.07–34.89)

group [HR 0.30 (95% CI 0.24–0.37; p < 0.001)]. 
The difference in the estimated proportion of 
patients free from AF between the groups increased 
over time: 0.23 (95% CI 0.18–0.28) at 1 year, 0.32 
(95% CI 0.28–0.38) at 2 years, and 0.41 (95% CI 
0.33–0.49) at 3 years.

None of the randomised studies explicitly reported 
the number of patients free from arrhythmia 
before 12 months’ follow-up. When Kaplan–Meier 
analyses of AF recurrence were presented, these 
broadly indicated a steady rate of recurrences 
over time associated with AAD treatment, whereas 
recurrences associated with RFCA treatment 
tended to occur in the first 2–3 months post 
procedure before stabilising.

Complications, adverse 
events and mortality
Table 10 summarises the complications, adverse 
events and deaths reported in the controlled AF 
studies. A total of 1860 patients (932 ablation, 
928 control) were included in these seven 
studies. Adverse events and complications were 
rarely reported; where data on major events/
complications were not reported, we assumed that 
such an event/complication did not occur during 
the study. Some events were specific to ablation 
(tamponade, PV stenosis, groin haematoma) 
whereas others were specific to AADs (corneal 
microdeposit, thyroid dysfunction, pro-arrhythmia, 
sexual impairment).

A total of 30 strokes were reported. Eight were 
in patients receiving RFCA, and two of these 
were related to the ablation procedure itself. 

Seven patients undergoing ablation had cardiac 
tamponade or pericardial effusion and three had 
PV stenosis (one mild, two moderate).

Deaths were reported in three of the studies.56,59,61 
Brain haemorrhage caused death in one patient, 
9 months after having had a stroke during an 
ablation procedure.59 One patient who had received 
RFCA died from pneumonia.56 The majority of 
deaths (n = 121) were reported in the single largest 
study61 with the longest follow-up (median 29.6 
months).

Quality of life
Three controlled studies evaluated participants’ 
QoL using the SF-36 health survey.57,60,61 This is 
made up of 36 questions that contribute to eight 
subscales: four within physical health (physical 
functioning, role physical, bodily pain and general 
health) and four within mental health (vitality, 
social functioning, role emotional and mental 
health).

Wazni et al.60 and Krittayaphong et al.57 found a 
significantly greater improvement on the general 
health subscale in patients randomised to RFCA 
compared with control subjects at 6 and 12 months 
respectively. In addition, Wazni et al.60 reported that 
RFCA patients attained significantly higher scores 
on the physical functioning, role physical and 
bodily pain subscales.

In terms of within-group changes from baseline 
for RFCA treatment, Krittayaphong et al. reported 
a significant increase in both physical functioning 
and general health scores. Pappone et al.61 reported 
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a significant improvement in scores from baseline 
but did not state on which subscales.

Further QoL data, in relation to utility estimates, 
were considered in the development of the decision 
model (see Chapter 4, Decision model).

Summary of results for atrial 
fibrillation from controlled trials
There is a small amount of moderate-quality 
randomised evidence to suggest that PV ablation 
is more effective than long-term AAD treatment 
in patients with drug-refractory paroxysmal AF. 
Evidence from one small RCT suggests that RFCA 
may also be more effective than AADs as first-
line treatment in patients with paroxysmal AF. In 
fact, the results of this trial were consistent with 
those of the trials with nominally ‘drug refractory’ 
populations.

Where reported, the rates of freedom from 
arrhythmia at 12 months ranged from 74% to 
87.5% in the RFCA arms of RCTs included in 
the AF meta-analysis. Intention to treat meta-
analysis suggests that RFCA is 36–76% more 
effective than AAD treatment in terms of freedom 
from arrhythmia at 12 months; analysis by actual 
treatment received suggests a larger two- to 
threefold improvement in this outcome for patients 
treated with RFCA.

The pooled RCT estimates for AF are dominated 
by the APAF trial, which was conducted by one 
of the world’s leading catheter ablation centres. 
Consequently, the pooled effect estimates from the 
RCTs may overestimate the levels of success that 
could be achieved by less experienced groups.

There were relatively few repeat procedures 
reported among the RCTs comparing RFCA with 
AADs in patients with paroxysmal AF (6%, all in a 
single trial58). However, in the trial evaluating the 
addition of RFCA to a short-term amiodarone/
cardioversion treatment strategy in patients 
with persistent AF, 32% of patients underwent a 
repeat procedure. On this basis it is not possible 
to establish a clear pattern in the need for repeat 
ablation procedures.

Although one large non-randomised study61 
suggested that the effects of RFCA observed 
at 12 months remain fairly stable at 2–3 
years post procedure, there is no randomised 
evidence comparing the effects of RFCA against 
pharmacological therapy in paroxysmal AF beyond 
a year. Furthermore, there is insufficient evidence 
to assess the effectiveness of RFCA relative to other 

treatment strategies in patients with persistent or 
permanent AF.

There is very little evidence from randomised trials 
on the impact of RFCA relative to AAD treatment 
on QoL. The small amount of evidence that is 
available from RCTs suggests that RFCA treatment 
might be associated with improvements in self-
rated physical and/or general health from baseline.

RCTs provide limited evidence on mortality, 
adverse events and complications. The available 
controlled trials suggest the possibility of a 
relatively small risk of complications associated 
with RFCA (e.g. cardiac tamponade, PV stenosis) 
and adverse events associated with long-term 
use of certain antiarrhythmic agents (e.g. thyroid 
dysfunction associated with amiodarone). The 
evidence does not suggest that RFCA is associated 
with increased mortality.

Assessment of effectiveness 
from case series
Case series characteristics
Populations

Details of the populations in the case series are 
presented in Table 11. The populations were 
relatively uniform in terms of average age and 
proportion of men, but other characteristics 
(proportion with paroxysmal AF and structural 
heart disease, duration of symptoms and number 
of unsuccessful AADs) varied substantially.

Of the 53 case series, 26 were from centres in 
Europe, 15 were from the USA, eight were from 
Asia and four reported experience from centres 
in more than one country. Several expert centres 
contributed multiple case series, including the 
Cleveland Clinic Foundation (ten publications), the 
Hôpital Haut-Leveque, France (eight publications) 
and the San Raffaele Hospital, Milan, Italy (four 
publications).

The number of treated patients ranged from 100 
(the minimum required to meet inclusion criteria) 
to 1125. In total, the 53 case series included 11,908 
patients (mean 224.7, median 158) but because of 
multiple publications from some centres it is likely 
that this overestimates the total number of unique 
patients. Mean age was in the 50s in 89% of the 
series. Age range was reported in 18 case series, 
with most series including a wide range of ages 
from young (in the teens or 20s) to elderly adults 
(in their 70s or 80s). Almost all case series (51/53) 
were made up of a majority of male participants; 
two case series did not report gender balance.
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TABLE 10 Complications, adverse events and mortality in atrial fibrillation controlled studies

Study
Stroke/
CVA

Tamponade/
pericardial 
effusion

Mild/
moderate 
PV 
stenosis Death

Thyroid 
dysfunction

Liver 
dysfunction

Sinus node 
dysfunction

Atypical 
atrial 
flutter

Groin 
haematoma

Pro-
arrhythmia

Sexual 
impairment

GI 
adverse 
events Bradycardia Tachycardia ‘Bleeding’

Transient 
phrenic 
paralysis

Transient 
ischaemic 
attack

Congestive 
heart 
failure

Myocardial 
infarction

Peripheral 
embolism

Corneal 
micro-
deposit

Krittayaphong 
et al., 200357

RFCA 1/14 
(7%)

– – – – – 1/15 (7%) – 1/14 (7%) – – 2/15 
(13%)

– – – – – – – – –

Amio – – – – 4/15 (27%) 2/15 (13%) 1/14 (7%) – – – – 6/15 
(40%)

– – – – – – – – 2/15 
(13%)

Pappone et 
al., 200361

RFCA 6/589 
(1%)

4/589 
(0.7%)

– 38/589 
(6.5%)

– – – – – – – – – – – – 8/589 
(1.4%)

32/589 
(5.4%)

7/589 
(1.2%)

1/589 
(0.2%)

–

AAD (LT) 22/582 
(3.8%)

– – 83/582 
(14%)

– – – – – – – – – – – – 27/582 
(4.6%)

57/582 
(9.8%)

8/582 
(1.4%)

3/582 
(0.5%)

–

Wazni et al., 
200560

RFCA – – 2/33 (6%) – – – – – – – – – – – 2/33 
(6%)

– – – – – –

AAD (LT) – – – – – – – – – – – – 3/37 (8%) – 1/37 
(3%)

– – – – – –

Pappone 
et al., 2006 
(APAF)58

RFCA – 1/99 (1%) – – – – – – – – – – – 3/99 (3%) – – – – – – –

AAD (LT) – – – – 7/99 (7%) – – – – 3/99 (3%) 11/99 
(11%)

– – – – – – – – – –

Oral et al., 
200656

RFCA +  
ST amio +  
CVN

– – – 1/77 
(1.3%)

– – – 5/77 
(7%)

– – – – – – – – – – – – –

ST amio +  
CVN

– – – – – – – – – – – – – – – – – – – – –

Stabile et al., 
200659

RFCA +  
AAD (LT)

1/68 
(2%)

1/68 (2%) – 1/68 
(2%)

– – – – – – – – – – – 1/68 
(2%)

– – – – –

AAD (LT) – – – 2/69 
(1%)

– – – – – – – – – – – – 1/69 
(1%)

– – – –

Jais et al., 
200663

RFCA – 1/53 (1.9%) 1/53 
(1.9%)

– – – – – – – – – – – – – – – – – –

AAD (LT) – – – – 1/59 
(1.9%)

– – – – – – – – – – – – – – – –

Amio, amiodarone; CVA, cardiovascular accident; CVN, cardioversion; GI, gastrointestinal; LT, long-term maintenance therapy; PV, pulmonary 
vein; RFCA, radio frequency catheter ablation; ST, short-term maintenance therapy.
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TABLE 10 Complications, adverse events and mortality in atrial fibrillation controlled studies

Study
Stroke/
CVA

Tamponade/
pericardial 
effusion

Mild/
moderate 
PV 
stenosis Death

Thyroid 
dysfunction

Liver 
dysfunction

Sinus node 
dysfunction

Atypical 
atrial 
flutter

Groin 
haematoma

Pro-
arrhythmia

Sexual 
impairment

GI 
adverse 
events Bradycardia Tachycardia ‘Bleeding’

Transient 
phrenic 
paralysis

Transient 
ischaemic 
attack

Congestive 
heart 
failure

Myocardial 
infarction

Peripheral 
embolism

Corneal 
micro-
deposit

Krittayaphong 
et al., 200357

RFCA 1/14 
(7%)

– – – – – 1/15 (7%) – 1/14 (7%) – – 2/15 
(13%)

– – – – – – – – –

Amio – – – – 4/15 (27%) 2/15 (13%) 1/14 (7%) – – – – 6/15 
(40%)

– – – – – – – – 2/15 
(13%)

Pappone et 
al., 200361

RFCA 6/589 
(1%)

4/589 
(0.7%)

– 38/589 
(6.5%)

– – – – – – – – – – – – 8/589 
(1.4%)

32/589 
(5.4%)

7/589 
(1.2%)

1/589 
(0.2%)

–

AAD (LT) 22/582 
(3.8%)

– – 83/582 
(14%)

– – – – – – – – – – – – 27/582 
(4.6%)

57/582 
(9.8%)

8/582 
(1.4%)

3/582 
(0.5%)

–

Wazni et al., 
200560

RFCA – – 2/33 (6%) – – – – – – – – – – – 2/33 
(6%)

– – – – – –

AAD (LT) – – – – – – – – – – – – 3/37 (8%) – 1/37 
(3%)

– – – – – –

Pappone 
et al., 2006 
(APAF)58

RFCA – 1/99 (1%) – – – – – – – – – – – 3/99 (3%) – – – – – – –

AAD (LT) – – – – 7/99 (7%) – – – – 3/99 (3%) 11/99 
(11%)

– – – – – – – – – –

Oral et al., 
200656

RFCA +  
ST amio +  
CVN

– – – 1/77 
(1.3%)

– – – 5/77 
(7%)

– – – – – – – – – – – – –

ST amio +  
CVN

– – – – – – – – – – – – – – – – – – – – –

Stabile et al., 
200659

RFCA +  
AAD (LT)

1/68 
(2%)

1/68 (2%) – 1/68 
(2%)

– – – – – – – – – – – 1/68 
(2%)

– – – – –

AAD (LT) – – – 2/69 
(1%)

– – – – – – – – – – – – 1/69 
(1%)

– – – –

Jais et al., 
200663

RFCA – 1/53 (1.9%) 1/53 
(1.9%)

– – – – – – – – – – – – – – – – – –

AAD (LT) – – – – 1/59 
(1.9%)

– – – – – – – – – – – – – – – –

Amio, amiodarone; CVA, cardiovascular accident; CVN, cardioversion; GI, gastrointestinal; LT, long-term maintenance therapy; PV, pulmonary 
vein; RFCA, radio frequency catheter ablation; ST, short-term maintenance therapy.
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TABLE 11 Population details: case series – atrial fibrillation

Study Country
Quality 
rating

Number 
enrolled

Number 
ablated

Age (years), 
mean (SD)

Age range 
(years) Male (%) Duration of symptoms

Previous AADs, 
mean (SD)

Paroxysmal  
AF (%)

Chronic  
AF (%)

Heart  
disease (%)

Berkowitsch et al., 
200571

Germany Poor 104 104 55 46–61 67.3 Not reported 100 0 8

Bertaglia et al., 200573 Italy Poor 158 143 61.4 (8.1) 35–78 65.7 Mean 5.0 years (SD 4.0, range 
0.5–20)

3.2 (0.8) 45 55 12

Beukema et al., 200575 Netherlands Poor 105 105 52 (9.5) 27–75 70.5 Paroxysmal AF: 6.0 years (SD 5.1); 
persistent AF: 7.6 years (SD 6.0)

2.8 (0.7) 49.5 50.5 5.7

Bhargava et al., 200477 USA Poor 323 323 54.3 18–79 80.2 Mean 6.2 years 3.1 53.9 46.1 32.2

Bourke et al., 200566 UK Satisfactory 100 100 52 23–73 81.0 53 months (range 6–180) 3 36 64 0

Cha et al., 200580 USA Poor 395 395 54 (10) 84.3 6.3 years (SD 5.9) men, 6.0 years 
(SD 4.5) women

2.1 (1.2) 60.5

Chen et al., 200482 USA Poor 377 377 55.5 78.8 Mean 5.2 years 2.7 51.4 48.5 52.8

Daoud et al., 200667 USA Satisfactory 112 112 58 (10) 60.7 46 months (SD 19) 2.2 (1.1) 73 27 4

Deisenhofer et al., 
200484

Germany Poor 115 115 58.2 (10.1) 69.6 Not reported

Della Bella et al., 200568 Italy Satisfactory 234 234 55.9 (10.6) 22–78 77.8 6.2 years (SD 5.3) 78 22 47

Dong et al., 200587 China Poor 151 151 56 (11.2) 18–79 72.2 86.5 months (range 1–380) 85.4 14.6 34.4

Ernst et al., 200389 Germany Poor 196 196 56.5 (9.8) 78.6 Mean 8.3 years 3.8 (1.5) 80 20

Essebag et al., 200591 USA Poor 102 102 53 (11) 73.5 Not reported 1.5 (1.1) 59 41 59

Fassini et al., 200593 Italy Poor 187 187 55 (11) 80.2 67 33 5.9

Herweg et al., 200595 USA Poor 170 170 56 (11) 25–85 72.9 6.9 years (SD 7.6) 82 18 22

Hindricks et al., 200597 Germany Poor 114 114 54 (9) 71.1 Median 5 years (range 1.5–8) 84 16 19

Hsieh et al., 200399 Taiwan Poor 227 227 100

Hsu et al., 2004101 France Poor 116 116 56 (10) 87.9 Mean 6.6 years (79.5 months) 3 (1) 9 91

Jais et al., 2004103 France Poor 200 200 53.5 (10) 86.5 Mean 6.5 ± 6 years 4 (2) 23

Karch et al., 2005105 Germany Poor 100 100 60 52–65 64.0 Mean 4.5 years (range 2–7) 2 89 11 57

Kilicaslan et al., 2005106 USA Poor 1345 1125 55.1 80.1 Mean 6.6 years 2.7 56.8 43.2

Kilicaslan et al., 2006108 USA Poor 202 202 57.1 83.2 Mean 7.7 years 2.4 51 49

Kobza et al., 2004110 Germany Poor 150 150 52 (10) 71.3 6.9 years (SD 6.8) 2.3 (1.1) 83 17 20

Kottkamp et al., 
2004112

Germany Poor 100 100 53 (10) 67.0 7.3 years (SD 7) 2.2 (1.2) 80 20 25

Kumagai et al., 2005114 Japan Poor 100 100 58.5 75.0 79 months 3 (1.1) 100 0 4

Lee et al., 2004116 Taiwan Poor 227 207 62 (13) 74.9 5.1 years (SD 0.4) 2.2 (1.3) 100 0

Liu et al., 2005118 China Poor 130 130 57.9 (11.5) 24–79 73.1 7.1 years (SD 5.7, range 0.3–30) 70 30

Ma et al., 200672 China Poor 200 200 57.3 (9.6) 18–79 72.5 5.4 years (SD 3.6, range 0.3–19) 72.5 27.5 17.5

Macle et al., 200274 France Poor 136 136 52 (10) 22–77 80.1 Mean 7 ± 5.8 years 3.9 (1.6) 90 10 17

continued
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TABLE 11 Population details: case series – atrial fibrillation

Study Country
Quality 
rating

Number 
enrolled

Number 
ablated

Age (years), 
mean (SD)

Age range 
(years) Male (%) Duration of symptoms

Previous AADs, 
mean (SD)

Paroxysmal  
AF (%)

Chronic  
AF (%)

Heart  
disease (%)

Berkowitsch et al., 
200571

Germany Poor 104 104 55 46–61 67.3 Not reported 100 0 8

Bertaglia et al., 200573 Italy Poor 158 143 61.4 (8.1) 35–78 65.7 Mean 5.0 years (SD 4.0, range 
0.5–20)

3.2 (0.8) 45 55 12

Beukema et al., 200575 Netherlands Poor 105 105 52 (9.5) 27–75 70.5 Paroxysmal AF: 6.0 years (SD 5.1); 
persistent AF: 7.6 years (SD 6.0)

2.8 (0.7) 49.5 50.5 5.7

Bhargava et al., 200477 USA Poor 323 323 54.3 18–79 80.2 Mean 6.2 years 3.1 53.9 46.1 32.2

Bourke et al., 200566 UK Satisfactory 100 100 52 23–73 81.0 53 months (range 6–180) 3 36 64 0

Cha et al., 200580 USA Poor 395 395 54 (10) 84.3 6.3 years (SD 5.9) men, 6.0 years 
(SD 4.5) women

2.1 (1.2) 60.5

Chen et al., 200482 USA Poor 377 377 55.5 78.8 Mean 5.2 years 2.7 51.4 48.5 52.8

Daoud et al., 200667 USA Satisfactory 112 112 58 (10) 60.7 46 months (SD 19) 2.2 (1.1) 73 27 4

Deisenhofer et al., 
200484

Germany Poor 115 115 58.2 (10.1) 69.6 Not reported

Della Bella et al., 200568 Italy Satisfactory 234 234 55.9 (10.6) 22–78 77.8 6.2 years (SD 5.3) 78 22 47

Dong et al., 200587 China Poor 151 151 56 (11.2) 18–79 72.2 86.5 months (range 1–380) 85.4 14.6 34.4

Ernst et al., 200389 Germany Poor 196 196 56.5 (9.8) 78.6 Mean 8.3 years 3.8 (1.5) 80 20

Essebag et al., 200591 USA Poor 102 102 53 (11) 73.5 Not reported 1.5 (1.1) 59 41 59

Fassini et al., 200593 Italy Poor 187 187 55 (11) 80.2 67 33 5.9

Herweg et al., 200595 USA Poor 170 170 56 (11) 25–85 72.9 6.9 years (SD 7.6) 82 18 22

Hindricks et al., 200597 Germany Poor 114 114 54 (9) 71.1 Median 5 years (range 1.5–8) 84 16 19

Hsieh et al., 200399 Taiwan Poor 227 227 100

Hsu et al., 2004101 France Poor 116 116 56 (10) 87.9 Mean 6.6 years (79.5 months) 3 (1) 9 91

Jais et al., 2004103 France Poor 200 200 53.5 (10) 86.5 Mean 6.5 ± 6 years 4 (2) 23

Karch et al., 2005105 Germany Poor 100 100 60 52–65 64.0 Mean 4.5 years (range 2–7) 2 89 11 57

Kilicaslan et al., 2005106 USA Poor 1345 1125 55.1 80.1 Mean 6.6 years 2.7 56.8 43.2

Kilicaslan et al., 2006108 USA Poor 202 202 57.1 83.2 Mean 7.7 years 2.4 51 49

Kobza et al., 2004110 Germany Poor 150 150 52 (10) 71.3 6.9 years (SD 6.8) 2.3 (1.1) 83 17 20

Kottkamp et al., 
2004112

Germany Poor 100 100 53 (10) 67.0 7.3 years (SD 7) 2.2 (1.2) 80 20 25

Kumagai et al., 2005114 Japan Poor 100 100 58.5 75.0 79 months 3 (1.1) 100 0 4

Lee et al., 2004116 Taiwan Poor 227 207 62 (13) 74.9 5.1 years (SD 0.4) 2.2 (1.3) 100 0

Liu et al., 2005118 China Poor 130 130 57.9 (11.5) 24–79 73.1 7.1 years (SD 5.7, range 0.3–30) 70 30

Ma et al., 200672 China Poor 200 200 57.3 (9.6) 18–79 72.5 5.4 years (SD 3.6, range 0.3–19) 72.5 27.5 17.5

Macle et al., 200274 France Poor 136 136 52 (10) 22–77 80.1 Mean 7 ± 5.8 years 3.9 (1.6) 90 10 17
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Study Country
Quality 
rating

Number 
enrolled

Number 
ablated

Age (years), 
mean (SD)

Age range 
(years) Male (%) Duration of symptoms

Previous AADs, 
mean (SD)

Paroxysmal  
AF (%)

Chronic  
AF (%)

Heart  
disease (%)

Marchlinski et al., 
200376

USA Poor 159 107 51.4 78.5 94 patients with AF for > 2 years 3.8 87 13

Marrouche et al., 
200278

USA, Italy Poor 211 211 53 (11) 77.3 5.5 years (SD 3.6) 3 (1) 54 46 24

Nademanee et al., 
200279

USA Poor 214 214 68 Not reported 48 52

Nademanee et al., 
200481

Thailand, USA Poor 121 121 63 (12) 76.0 4 years (SD 3.3) 2.4 (1.3) 47 53 65

Nilsson et al., 200664 Denmark Good 100 100 55.9 71.0 Mean 4.1 years 3.2 51 49 27

Oral et al., 200485 USA Poor 188 188 52.8 81.4 Mean 7.4 years 100 0 11.7

Oral et al., 200483 USA Poor 176 176 53 (12) 19–73 81.3 Mean 7 years (SD 7) 2 (1) 100 0 13

Pappone et al., 200188 Italy Poor 251 251 51.5 (11.4) 8.1 years (range 1–28) 2.9 (1) 71.3 28.7 15

Pappone and Santinelli, 
200186

Italy Poor 127 127 51.4 83.5 2.9 (1) 77 23 26

Pappone et al., 200490 Italy Poor 560 560 56.5 (7.3) 52.0 Mean 7.2 years 63 37 40

Purerfellner et al., 
200692

Austria Poor 117 117 51 (11) 25–73 82.1 Mean 73 months (SD 67); median 
48 months

3.1 (1.4) 94.7 5.3 3.4

Ren et al., 200494 USA Poor 232 232 55 (11) 17–80 79.3 3.7 91 9 9

Saad et al., 200398 USA, Italy, 
Germany

Poor 608 608 51.3 81.1 Mean 5.3 years 3 52.3 47.7 25.6

Saad et al., 200396 USA Poor 335 335 54 18–79 81.2 Mean 5.4 ± 3.6 years 3 52 48 27

Shah et al., 2001100 France Poor 200 200 52.6 18–80 79.5 Mean 5.2 years (range 1–26) 5 (2) 100 30.2

Shah et al., 2003102 France Poor 160 160 53 (11) 81.3 Not reported 100 27

Trevisi et al., 2003104 Italy Poor 158 158 57 (10) 77.8 79 21

Verma et al., 200565 USA Good 700 700 53.4 (13) 77.9 Mean 6.15 years 2.2 39.1 60.9 44.1

Wazni et al., 2005107 USA, Italy, 
Germany

Poor 785 785 54 83.4 Not reported 53 47 48

Weerasooriya et al., 
2003109

France Poor 152 152 50 (11) 80.9 Mean 6 ± 5 years 100 0 25

Weerasooriya et al., 
2003111

France Poor 118 118 52 (18) 69.5 Not reported 2 100

Yamada et al., 2006113 Japan Poor 108 108 57 (12) 84.3 Mean 4 years (SD 4) 4 (1) 100 0 0

Yamane et al., 2002115 France Poor 157 157 54.4 59.9 Mean 4.7 years 5 100 8.9

Yu et al., 2001117 Taiwan Poor 102 102 65 (13) 29–86 87.3 Not reported 2 (1) 100 0 10

SD, standard deviation.

TABLE 11 Population details: case series – atrial fibrillation
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Study Country
Quality 
rating

Number 
enrolled

Number 
ablated

Age (years), 
mean (SD)

Age range 
(years) Male (%) Duration of symptoms

Previous AADs, 
mean (SD)

Paroxysmal  
AF (%)

Chronic  
AF (%)

Heart  
disease (%)

Marchlinski et al., 
200376

USA Poor 159 107 51.4 78.5 94 patients with AF for > 2 years 3.8 87 13

Marrouche et al., 
200278

USA, Italy Poor 211 211 53 (11) 77.3 5.5 years (SD 3.6) 3 (1) 54 46 24

Nademanee et al., 
200279

USA Poor 214 214 68 Not reported 48 52

Nademanee et al., 
200481

Thailand, USA Poor 121 121 63 (12) 76.0 4 years (SD 3.3) 2.4 (1.3) 47 53 65

Nilsson et al., 200664 Denmark Good 100 100 55.9 71.0 Mean 4.1 years 3.2 51 49 27

Oral et al., 200485 USA Poor 188 188 52.8 81.4 Mean 7.4 years 100 0 11.7

Oral et al., 200483 USA Poor 176 176 53 (12) 19–73 81.3 Mean 7 years (SD 7) 2 (1) 100 0 13

Pappone et al., 200188 Italy Poor 251 251 51.5 (11.4) 8.1 years (range 1–28) 2.9 (1) 71.3 28.7 15

Pappone and Santinelli, 
200186

Italy Poor 127 127 51.4 83.5 2.9 (1) 77 23 26

Pappone et al., 200490 Italy Poor 560 560 56.5 (7.3) 52.0 Mean 7.2 years 63 37 40

Purerfellner et al., 
200692

Austria Poor 117 117 51 (11) 25–73 82.1 Mean 73 months (SD 67); median 
48 months

3.1 (1.4) 94.7 5.3 3.4

Ren et al., 200494 USA Poor 232 232 55 (11) 17–80 79.3 3.7 91 9 9

Saad et al., 200398 USA, Italy, 
Germany

Poor 608 608 51.3 81.1 Mean 5.3 years 3 52.3 47.7 25.6

Saad et al., 200396 USA Poor 335 335 54 18–79 81.2 Mean 5.4 ± 3.6 years 3 52 48 27

Shah et al., 2001100 France Poor 200 200 52.6 18–80 79.5 Mean 5.2 years (range 1–26) 5 (2) 100 30.2

Shah et al., 2003102 France Poor 160 160 53 (11) 81.3 Not reported 100 27

Trevisi et al., 2003104 Italy Poor 158 158 57 (10) 77.8 79 21

Verma et al., 200565 USA Good 700 700 53.4 (13) 77.9 Mean 6.15 years 2.2 39.1 60.9 44.1

Wazni et al., 2005107 USA, Italy, 
Germany

Poor 785 785 54 83.4 Not reported 53 47 48

Weerasooriya et al., 
2003109

France Poor 152 152 50 (11) 80.9 Mean 6 ± 5 years 100 0 25

Weerasooriya et al., 
2003111

France Poor 118 118 52 (18) 69.5 Not reported 2 100

Yamada et al., 2006113 Japan Poor 108 108 57 (12) 84.3 Mean 4 years (SD 4) 4 (1) 100 0 0

Yamane et al., 2002115 France Poor 157 157 54.4 59.9 Mean 4.7 years 5 100 8.9

Yu et al., 2001117 Taiwan Poor 102 102 65 (13) 29–86 87.3 Not reported 2 (1) 100 0 10

SD, standard deviation.
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Duration of symptoms was reported in 40 case 
series, normally as the mean. The reported 
measure was 5 years or less in nine case series, 5–6 
years in nine, 6–7 years in 13, 7–8 years in six and 
over 8 years in two. Based on reports in 36 case 
series, the mean number of unsuccessful AADs 
ranged from 1.5 to 5. The proportion of patients 
with paroxysmal AF (reported in 51 case series) 
ranged from 9% to 100%; 13 case series included 
only patients with paroxysmal AF. Presence of 
structural heart disease was reported in 40 case 
series and ranged from 0% to 65%; only four 
series had a majority of patients with structural 
heart disease. Hypertension was not included 
as structural disease when these were reported 
separately.

Interventions
Intervention characteristics varied widely between 
case series, the most fundamental division being 
between segmental and circumferential techniques 
for PV ablation. Of the 53 studies treated as case 
series, 24 used segmental PV isolation uniformly 
in all patients, eight used circumferential PV 
isolation, three used a combination of approaches, 
two used other PV isolation techniques and two 
used other approaches. The catheter sizes used, 
mapping technique, definition of end point, 
number of PVs ablated and other details varied 
across the case series. This variation of intervention 
characteristics needs to be interpreted in light of 
our decision to treat all techniques of RFCA as a 
single intervention. Of 14 studies (true case series 
and trials) that compared ablation techniques, 
seven compared different techniques within one 
basic approach (e.g. different catheter types or 
mapping systems) and seven compared results 
of two or more different approaches. Appendix 
3.3 summarises details of the interventions in the 
included case series (including RCTs and CCTs that 
compared ablation techniques).

Relevant details regarding how AADs were used 
with RFCA were not well reported. For example, 
in 30 of the 53 case series it was unclear whether 
or not AADs were withdrawn before RFCA. Where 
it was reported most series did withdraw AADs. 
Similarly, details of AADs after the procedure were 
frequently not reported: in 26 out of 53 series it 
was unclear; in 18 out of 27 series patients did 
receive AADs. A total of 20 case series either did 
not use anticoagulants after the procedure or did 
not report details. When the time on anticoagulants 
was reported (32 series), it ranged from 1 to 6 
months.

The UK series by Bourke and colleagues66 was 
fairly typical in terms of average age of participants 
(52 years) and percentage of male patients (81%) 
but it had a relatively high proportion of patients 
with chronic AF (64%) while excluding patients 
with structural heart disease. Mean duration 
of symptoms was 53 months (range 6–180) and 
patients had been treated unsuccessfully with 
an average of three AADs. The intervention was 
classified as segmental PV isolation using a 4-mm 
tip ablation catheter. The mean number of PVs 
isolated (2.41 ± 0.79) was relatively low in case 
series in which this outcome was reported. The 
authors adapted their technique later in the series 
by drawing additional ablation lines if necessary. 
Patients were returned to AAD treatment after 
RFCA and those with persistent AF were treated 
with anticoagulants for a minimum of 3 months 
after the procedure.

Results for case series by outcome
Freedom from arrhythmia at 12 months
Eleven of the 53 case series reported data for 
freedom from arrhythmia (AF) at 12 months. The 
rates reported ranged from 28% to 85.3%; 9/11 of 
the case series reported rates of over 60% (Table 
12). The weighted pooled estimate of freedom 
from arrhythmia at 12 months was 76% (95% CI 
74–77%) (Table 13).

Two case series64,90 reported on occurrence of 
arrhythmias other than AF, reporting rates of atrial 
tachycardia of 12% and 7% respectively.

Whether freedom from AF was achieved as a 
result of a single ablation procedure or whether it 
required repeat ablations was reported for 10 of 
the 11 case series reporting this outcome; for two 
the rates were achieved with repeat ablation and 
for seven they were achieved without. The rates 
achieved with repeat ablation were not necessarily 
higher than the rates achieved without repeat 
ablation. One case series reported on whether 
freedom from arrhythmia was achieved with or 
without AADs; 71/100 patients were free of AF 
without AADs, and a further 11/100 patients 
achieved sinus rhythm with additional AAD 
treatment.

Two series68,81 reported on freedom from both 
paroxysmal and chronic AF. In both series, 
freedom from paroxysmal AF (73.2% and 82.5% 
respectively) was higher than freedom from chronic 
AF (51% and 70.3% respectively).
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Freedom from arrhythmia 
at mean follow-up
A total of 26 case series reported on freedom from 
arrhythmia (freedom AF) at a mean follow-up point 
(Appendix 3.7). Mean follow-up ranged from 5.5 to 
30 months. Freedom from arrhythmia as reported 
in publications ranged from 52% to 98%, with 
freedom from arrhythmia above 70% achieved in 
19 case series. The series with the longest mean 
follow-up (30 months) reported 66.2% freedom 
from AF.99,116 The results were comparable with 
those reported in the survey by Cappato and 
colleagues25 (Table 14).

Whether freedom from AF at mean follow-up was 
achieved as a result of a single ablation procedure 
or whether it required repeat ablations was 
reported for only 10 of the 26 case series. Freedom 
from AF was based on numbers of patients 

undergoing a single ablation procedure in just two 
case series.75,82 In eight other case series, substantial 
numbers of patients required a repeat procedure to 
achieve freedom from AF.

Only two case series that reported overall freedom 
from AF also explicitly reported the occurrence of 
other arrhythmias, essentially atrial flutter. Treating 
these arrhythmias as treatment failures, the rate of 
freedom from arrhythmia is reduced from 316/377 
(83.8%) to 311/377 (82.5%) in one case series82 and 
from 911/1125 (81%) to 617/1125 (54.8%) in the 
other.106 A subgroup of patients in this latter study 
had undergone previous cardiac surgery and had 
a higher incidence of atrial flutter during follow-
up. Three case series that did not report overall 
freedom from AF reported the occurrence of atrial 

TABLE 14 Comparison of freedom from arrhythmia at mean follow-up reported from case series and freedom from arrhythmia at mean 
follow-up from the Cappato survey25

Mean follow-up time Number of series
Range as reported 
(%)

Range worst case 
(%)

Cappato success 
rate (%)

0–6 months 2 71–80 71–80 68

> 6–12 months 8 52–98 52–88 74–90

> 12–18 months 12 67–83 67–83 78

> 18–24 months 3 61–81 21–81 70

> 24 months 1 66 60 69.5

TABLE 13 Freedom from atrial fibrillation at 12 months: proportions with 95% confidence intervals and pooled estimate of effect

Study n N Proportion LCI HCI

Chen et al., 200482 316 377 0.838 0.801 0.875

Deisenhofer et al., 200484 59 86 0.686 0.588 0.784

Della Bella et al., 200568 160 234 0.683 0.624 0.743

Herweg et al., 200595 136 170 0.800 0.740 0.860

Hindricks et al., 200597 45 70 0.643 0.531 0.755

Jais et al., 2004103 119 200 0.595 0.527 0.663

Kumagai et al., 2005114 71 100 0.710 0.621 0.799

Marrouche et al., 200278 162 190 0.853 0.802 0.903

Nademanee et al., 200481 92 121 0.760 0.684 0.836

Nilsson et al., 200664 28 100 0.280 0.192 0.368

Pappone et al., 200490 444 560 0.793 0.759 0.826

Total 1632 2208

Weighted pooled (random 
effects) estimate of proportion

0.76 0.74 0.77

HCI, higher confidence interval; LCI, lower confidence interval.
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flutter at highly variable rates of 28/112 (25%),67 
28/150 (18.7%)110 and 2/176 (1.1%).83

Fifteen case series reported on whether AF-free 
patients were receiving AAD treatment. In all 
except one series the majority of patients did not 
receive AADs and in five series all patients who 
were AF free were also free of AAD treatment.

Freedom from paroxysmal and chronic AF was 
reported separately in eight case series. Freedom 
from paroxysmal AF ranged from 75% to 87.4% 
and was higher than freedom from chronic AF 
(range 57.6%–80.6%) in all but one series.

Quality of life
Only three studies treated as case series reported 
on QoL in patients with AF before and after RFCA. 
Hsu and colleagues101 administered the SF-36 
questionnaire at baseline and at 1 and 12 months 
after ablation. SF-36 summary scores (physical and 
mental) increased significantly over time. In the 
series by Cha and colleagues,80 the SF-36 total score 
increased significantly from 63 ± 18 before ablation 
to 79 ± 17 3 months after ablation (p < 0.0001). 
In the case series by Chen and colleagues,82 193 
patients (out of 377 treated patients) completed the 
SF-36 questionnaire before and after ablation and 
showed significant improvements on all subscales. 
Purerfellner and colleagues92 reported that 
standardised questionnaires were used to evaluate 
QoL but no results were presented.

It should be noted that, because the studies 
mentioned here present only SF-36 physical and 
mental component scores or an overall summary 
score, a separate review focused on obtaining 
utility-based QoL evidence was undertaken (see 
Appendix 7.4).

Complications and mortality
The main complications and mortality rates 
reported in the case series of RFCA in AF 
are summarised in Table 15. When case series 
specifically stated that there were no complications, 
events are inserted as zeros in the tables. The 
figures in this table also assume no duplication 
of patients across the included series and should 
therefore be treated cautiously. For comparison, 
the findings of Cappato and colleagues25 in their 
survey of procedures performed between 1995 and 
2002 are included. Detailed results by time period 
of reporting are presented in Appendices 3.5–3.8.

Mortality

Mortality was rarely reported in the published 
papers. Of the 18 case series that included follow-
up at 12 months, only one reported on mortality at 
12 months; this case series of 560 ablated patients 
reported that no deaths had occurred.90 Among 30 
case series reporting at mean follow-up (5.5–18.7 
months), one reported a single death among 116 
ablated patients during follow-up.101 Of the 16 case 
series that included follow-up at 6 months, the UK 
case series by Bourke and colleagues66 reported 
no deaths among 100 ablated patients and there 
were also no deaths in the 102-patient case series 
reported by Essebag and colleagues.91 Overall, 
only one death was reported; when expressed as a 
proportion of those patients included in the case 
series for whom mortality information was reported 
this is 1/878 (0.1%).

Stroke
Stroke/cerebrovascular accident was reported 
as an immediate complication in 11 case series 
at frequencies ranging from less than 1% to 
2%. Related complications [e.g. cerebroembolic 
complications, transient ischaemic attack (TIA)] 
were reported at similar frequencies in some case 
series (Appendix 3.5). If all cerebrovascular events 
are pooled their rate, where reported, is 1%. At 
mean follow-up (Appendix 3.7) the frequency of 
stroke where reported was 0.5–1.7% and that of 
TIA or cerebroembolic complications was 0.6–1%. 
One case series reported a single stroke among 102 
patients at 6 months (Appendix 3.8).

Cardiac tamponade
A total of 15 case series reported cardiac 
tamponade as a procedural complication, 
occurring in up to 2% of cases. Pericardial effusion 
(0.3–3.9%) and/or haemopericardium (1.6–2.3%) 
were reported as procedural complications in four 
case series (Appendix 3.5). Pericardial effusion was 
reported in one patient (1%) in one case series114 
at 12 months. At mean follow-up (Appendix 3.7), 
four case series reported tamponade at frequencies 
of 0.6–1.7%. Pericardial effusion occurred in five 
case series92,102,106 at frequencies of 0.2–1.7%. 
Haemopericardium was reported in 2/200 patients 
(1%) in one series.100 The 100-patient UK series 
by Bourke and colleagues66 reported tamponade 
in 6% of patients at 6 months (Appendix 3.8). 
Tamponade (1%) and pericardial effusion (2%) 
were reported in one other case series91 at this time 
point.
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Pulmonary vein stenosis

Three case series reported PV stenosis as an 
immediate complication of RFCA, at frequencies 
of less than 1–2.4% (Appendix 3.5). PV stenosis 
was the main complication reported at 12 months 
(Appendix 3.6); severe stenosis occurred in 5% and 
17% of patients in two series, whereas Kumagai 
et al.114 reported at least 50% stenosis in 18% of 
patients. The highest rate of stenosis at mean 
follow-up (33%) was seen in a series that specifically 
investigated this outcome.117 In six other series, 
stenosis at varying degrees of severity was reported 
in less than 1–1.9% of patients (Appendix 3.5). 
In the case series by Oral and colleagues,83 
asymptomatic narrowing of PVs occurred in 5/176 
patients (2.8%). Two case series reported on PV 
stenosis 3 months after ablation, giving overall 
rates of 1.6% and 16% respectively (Appendix 3.8). 
The only case series to report stenosis at 6 months 
found the complication in 9/100 patients.

Other complications
Other immediate complications reported in more 
than one case series included haematomas (three 
case series; 0.6–0.9%), AV block (three series; 
0.8–12%), thrombus/thrombosis (three series; 0.6–
10.3%) and pulmonary oedema (two series; 0.3–
0.8%) (Appendix 3.5). The only other complication 
at 12 months was unilateral quadrantopsia in one 
patient in a single series. Embolism (2–4%) and 
bleeding/haemorrhage (1–4%) were each reported 
in two series at 6 months (Appendix 3.8). At mean 
follow-up (Appendix 3.7), complications other than 
those listed above were reported at low frequencies 
in a single series only.

Summary of results from case series
The AF case series included in this review represent 
the experience of several thousand patients 
followed for up to 2–3 years after ablation. Success 
rates defined as freedom from arrhythmia at 12 
months ranged from 28% to 85.3% with a weighted 
mean of 76%, reflecting differences in patients, 
techniques, expertise and methods of measuring 
and reporting outcomes across centres. Data post 
12 months were rarely reported; data from case 
series with a mean follow-up of up to 30 months 

reported rates of 61–81% for freedom from 
arrhythmia. It was not always clear from published 
reports whether success was dependent on the use 
of repeat procedures when necessary or not.

The majority of patients, and all arrhythmia-free 
patients in some series, no longer required AADs to 
remain arrhythmia free. In general, freedom from 
arrhythmia was somewhat less common in patients 
with chronic AF than in those with paroxysmal AF.

Mortality rates in the case series that reported on 
mortality were very low: only one death from 878 
patients. Many series did not report mortality; 
however, it is likely that any periprocedural 
deaths would have been reported, at least in the 
22 case series that reported other complications 
associated with RFCA. Stroke, cardiac tamponade 
and PV stenosis were the most frequently recorded 
complications.

Some centres published multiple case series reports 
covering overlapping time periods. Without access 
to individual patient data it is difficult to determine 
the degree of overlap in terms of patients being 
included in more than one case series. However, 
it is likely that some degree of overlap exists and 
this should be taken into account in evaluating the 
evidence of these case series.

The results from these case series are comparable 
with the findings of the international survey by 
Cappato and colleagues25 covering procedures 
carried out between 1995 and 2002 (see Table 5). 
It is likely that there is overlap between the centres 
and patients included in the Cappato survey and 
this review.

These case series represent the bulk of the evidence 
for the effectiveness of RFCA for AF in clinical 
practice. A high percentage of the series come 
from a number of pioneering centres that have 
specialised in RFCA. Results achieved at such 
centres are unlikely to be generalisable to routine 
practice elsewhere. The only evidence from a UK, 
non-pioneering setting that met inclusion criteria 
for this review was the case series by Bourke and 

TABLE 16 Quality ratings of controlled studies

Study Criteria met Overall quality rating

Da Costa et al., 2006121 1, 4, 10, 11, 13–16, 18 Satisfactory

Natale et al., 200029 1, 4, 11–13, 14–18 Satisfactory

See Appendix 2 for an explanation of the ratings and criteria used in quality assessment.
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TABLE 17 Quality ratings of case series

Study Criteria met Overall quality rating

Andronache et al., 2003125 11–13, 15–18 Poor

Bertaglia et al., 2004119 11–18 Good

Calkins et al., 2004126 11–14, 16–18 Poor

Chen et al., 2002127 11–13, 15–18 Poor

Da Costa et al., 2002128 12, 15, 17, 18 Poor

Da Costa et al., 2003122 11–18 Good

Da Costa et al., 2004129 11–13, 15–18 Poor

Da Costa et al., 2005123 11–18 Good

Feld et al., 2004120 11–16, 18 Poor

Gilligan et al., 2003130 11–14, 16–18 Poor

Heidbuchel et al., 2006131 11–14, 17, 18 Poor

Hsieh et al., 2002132 11–14, 18 Poor

Jais et al., 2001133 11–13, 15, 17, 18 Poor

Loutrianakis et al., 2002134 11–14, 16–18 Poor

Mantovan et al., 2002135 17 Poor

Marrouche et al., 2003136 11–13, 15, 17, 18 Poor

Ozaydin et al., 2003137 12–15, 17, 18 Poor

Paydak et al., 199830 11–15, 17, 18 Poor

Schmieder et al., 2003138 11–15, 17, 18 Poor

Schreieck et al., 2002124 11–18 Good

Stovicek et al., 2006139 17 Poor

Ventura et al., 2003140 11–13, 15–18 Poor

Ventura et al., 2004141 11–13, 15–18 Poor

See Appendix 2 for an explanation of the ratings and criteria used in quality assessment.

colleagues,66 who reported outcomes for 100 
patients 6 months after ablation. A total of 55 
patients were free of AF at that point but only 17 
were also not receiving AAD treatment. Longer-
term follow-up data from this series are awaited.

Results of review of clinical 
effectiveness – atrial flutter
Quantity and quality of 
research available
A total of 4860 studies were retrieved from the 
searches (see Figure 1). Of these, 483 were ordered 
and 86 studies (89 publications) met the inclusion 
criteria for the review. A total of 25 of these related 
to RFCA for typical atrial flutter (two controlled 
studies and 23 case series). Atrial flutter case 
series by Bertaglia and colleagues119 and Feld 

and colleagues120 were represented in multiple 
publications.

Both of the controlled studies evaluating the 
effectiveness of RFCA for atrial flutter were rated 
as ‘satisfactory’ (Table 16).29,121 Four out of 23 case 
series of atrial flutter119,122–124 were rated as ‘good’ 
quality (Table 17). The other 19 series were rated 
‘poor’. Most series rated ‘poor’ failed to report or 
explain losses to follow-up, or followed up less than 
90% of treated patients.

Assessment of effectiveness 
from controlled trials
Trial characteristics

Two RCTs29,121 (both rated ‘satisfactory’) compared 
the effects of RFCA against an alternative 
treatment strategy for atrial flutter (Appendix 3.2). 
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Patient characteristics are presented in Table 18 
with a summary of each study given below.

Results from controlled trial by trial
Natale et al., 200029

RCT comparing RFCA with long-term drug 
treatment in patients with at least two episodes 
of symptomatic atrial flutter in the preceding 2 
months.

A total of 31 patients were randomised to 
receive CTI ablation. All rate-control drugs were 
discontinued following ablation. After 12 months, 
two of these patients underwent a repeat ablation 
because of recurrence of atrial flutter.

A total of 30 patients were randomised to receive 
drug therapy. These patients tried a mean of 3.4 
drugs, with 11 remaining on AADs at follow-up 
(eight on amiodarone, one on propafenone plus 
atenolol, and two on procainamide plus digoxin). 
In total, 16 patients received rate-control drugs 
after AADs failed to maintain sinus rhythm. Two 
patients crossed over into the ablation group before 
12 months, and one required AV node ablation and 
pacing.

After a mean follow-up of 22 months, 25 (80%) 
patients in the RFCA group were in sinus rhythm 
without the need for AADs. For the same time 
period in the AAD group, 11 (36%) patients 
remained in sinus rhythm. Atrial flutter was seen 
in two patients (6%) in the RFCA group compared 
with 28 (93%) in the drug therapy group. AF was 
seen in nine patients (29%) in the RFCA group 
compared with 18 (60%) in the drug therapy 
group.

One patient experienced chest discomfort and 
another had a haematoma in the RFCA group. 
There were significantly more hospital admissions 
for severely symptomatic arrhythmia in the drug 
treatment group than in the RFCA group (19 
versus 7; p < 0.01).

QoL and symptom scores significantly improved 
from baseline for all measures in the RFCA group 
at 6 and 12 months. Significant improvement over 
time in the drug therapy group was seen only for 
palpitations.

Da Costa et al., 2006121

RCT comparing RFCA with cardioversion plus 
long-term amiodarone treatment in older patients 
(mean age 78 years) after their first episode of 
symptomatic atrial flutter.

A total of 52 patients were randomised to receive 
CTI ablation. Seven patients went on to have AAD 
therapy following occurrence of AF (six patients) or 
ventricular tachycardia (one patient).

A total of 52 patients were randomised to receive 
cardioversion (after attempting intracardiac 
stimulation) followed by amiodarone treatment. 
One patient was excluded after being diagnosed 
with a left reentrant atrial tachycardia.

After a mean follow-up of 13 months (SD 
6 months), 96% of patients randomised to the 
RFCA group were free from recurrence of atrial 
flutter. Of patients randomised to cardioversion 
plus amiodarone, 71% of patients were free 
from recurrence of atrial flutter. All patients with 
recurrent atrial flutter went on to be successfully 
treated with RFCA, with the exception of one 
patient who refused the procedure. For the 
same time period, the occurrence of significant 
symptomatic AF beyond 10 minutes did not 
significantly differ between the RFCA and the 
amiodarone groups (25% versus 18%, p = 0.3).

Five patients in the amiodarone group had adverse 
events requiring discontinuation. No procedural-
related complications occurred in the RFCA group. 
Six patients in the RFCA group died, compared 
with eight in the amiodarone group.

Results by outcome
Freedom from arrhythmia at 12 months
Neither of the atrial flutter RCTs reported freedom 
from arrhythmia at 12 months.

Freedom from arrhythmia 
at mean follow-up
The two RCTs evaluating CTI ablation for atrial 
flutter29,121 were conducted in clinically distinct 
populations and so were not combined statistically.

The trial by Natale et al.29 found a statistically 
significant benefit favouring ablation in terms of 
freedom from arrhythmia without the need for 
AADs at a mean follow-up of 22 months [RR 2.2 
(95% CI 1.33–3.63); see Figure 4]. Broken down 
by type of arrhythmia, this study suggested a 
very large statistically significant effect favouring 
ablation in terms of freedom from atrial flutter 
[RR 14.03 (95% CI 3.67–53.7)] and a smaller, but 
also significant, effect in terms of freedom from 
occurrence of AF during follow-up [RR 1.77 (95% 
CI 1.08–2.90)] (Figures 5 and 6).
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Review: Catheter ablation for atrial fibrillation and flutter
Comparison: 04 Flutter: RFCA versus AAD maintenance therapy
Outcome: 01 Freedom from arrhythmia at follow-up (ITT; 22 months)

Study or 
subcategory

RFCA
n/N

AADs
n/N

RR
95% CI

RR (fixed) 
95% CI Year

Natale, 200029 25/31 11/30 2.20 (1.33–3.63) 2000

 0.1  0.2  0.5  1  2  5  10
 Favours AADs  Favours ablation

FIGURE 4 RFCA versus long-term AADs – freedom from arrhythmia. Refers to number of patients in sinus rhythm at follow-up, as 
reported by study authors.

Review: Catheter ablation for atrial fibrillation and flutter
Comparison: 05 Flutter: RFCA versus AAD maintenance therapy
Outcome: 03 Freedom from atrial flutter at follow-up (ITT; 22 months)

Study or 
subcategory

RFCA
n/N

AADs
n/N

RR
95% CI

Weight
%

RR (fixed) 
95% CI Year

Natale, 200029 29/31 2/30 100.00 14.03 (3.67–53.70) 2000

 0.01  0.1  1  10  100
 Favours AADs  Favours RFCA

FIGURE 5 RFCA versus long-term AADs – freedom from atrial flutter. Refers to number of patients without occurrence of flutter during 
follow-up period.

Review: Catheter ablation for atrial fibrillation and flutter
Comparison: 04 Flutter: RFCA versus AAD maintenance therapy
Outcome: 02 Freedom from AF at follow-up (ITT; 22 months)

Study or 
subcategory

RFCA
n/N

AADs
n/N

RR
95% CI

RR (fixed) 
95% CI Year

Natale, 200029 22/31 12/30 1.77 (1.08–2.90) 2000

 0.1  0.2  0.5  1  2  5  10
 Favours AADs  Favours ablation

FIGURE 6 RFCA versus long-term AADs – freedom from atrial fibrillation. Refers to number of patients without occurrence of atrial 
fibrillation during follow-up period.

Da Costa et al.121 reported a more modest effect 
favouring ablation in terms of freedom from 
atrial flutter at follow-up in older patients (mean 
age 78 years) after their first episode of flutter 
[ITT 1.35 (95% CI 1.13–1.62); per protocol 1.36 
(95% CI 1.13–1.64); see Figure 7]. The groups did 
not significantly differ in terms of freedom from 
occurrence of significant AF [intention to treat RR 
1.44 (95% CI 0.68–3.08); see Figure 8].

The difference between the two RCTs in terms of 
treatment effects on freedom from atrial flutter 
results from a lower rate of recurrence in the AAD 
arm in the Da Costa et al. study and reflects the 
fact that this study recruited patients with a first 
episode of atrial flutter rather than the more drug-
refractory patients recruited by Natale et al.
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Review: Catheter ablation for atrial fibrillation and flutter
Comparison: 06 Flutter: RFCA vs intracardiac stimulation/cardioversion plus amiodarone
Outcome: 04 Freedom from AF at follow-up (13 months): per protocol

Study or 
subcategory

Ablation
n/N

Comparison
n/N

RR (fixed) 
95% CI

Weight
%

RR (fixed) 
95% CI Year

Da Costa, 2006121 13/52 9/51 100.00 1.42 (0.66–3.02)

 0.1  0.2  0.5  1  2  5  10
Favours comparison Favours ablation

2006

Review: Catheter ablation for atrial fibrillation and flutter
Comparison: 06 Flutter: RFCA vs intracardiac stimulation/cardioversion plus amiodarone
Outcome: 05 Freedom from AF at follow-up (13 months): intention to treat

Study or 
subcategory

Ablation
n/N

Comparison
n/N

RR (fixed) 
95% CI

Weight
%

RR (fixed) 
95% CI Year

Da Costa, 2006121 13/52 9/52 100.00 1.44 (0.68–3.08)

 0.1  0.2  0.5  1  2  5  10
Favours comparison Favours ablation

2006

FIGURE 8 RFCA versus intracardiac stimulation/amiodarone: freedom from atrial fibrillation.

Review: Catheter ablation for atrial fibrillation and flutter
Comparison: 06 Flutter: RFCA vs intracardiac stimulation/cardioversion plus amiodarone
Outcome: 02 Freedom from atrial flutter at follow-up (13 months): ‘worst case’

Study or 
subcategory

Ablation
n/N

Comparison
n/N

RR
95% CI

Weight
%

RR (fixed) 
95% CI Year

Da Costa, 2006121 44/52 37/52 100.00 1.19 (0.97–1.46)

 0.1  0.2  0.5  1  2  5  10
Favours comparison  Favours ablation

2006

FIGURE 7 RFCA versus intracardiac stimulation/amiodarone: freedom from atrial flutter. ‘Worst case’ analysis assumes that all six 
patients in the RFCA group who died had recurrence of flutter; per protocol analysis assumes that these patients did not have recurrence 
of flutter.

Review: Catheter ablation for atrial fibrillation and flutter
Comparison: 06 Flutter: RFCA vs intracardiac stimulation/cardioversion plus amiodarone
Outcome: 01 Freedom from atrial flutter at follow-up (13 months): per protocol

Study or 
subcategory

RFCA
n/N

Comparison
n/N

RR
95% CI

Weight
%

RR (fixed) 
95% CI Year

Da Costa, 2006121 50/52 36/51 100.00 1.36 (1.13–1.64) 2006

 0.1  0.2  0.5  1  2  5  10
Favours comparison  Favours ablation

Review: Catheter ablation for atrial fibrillation and flutter
Comparison: 06 Flutter: RFCA vs intracardiac stimulation/cardioversion plus amiodarone
Outcome: 03 Freedom from atrial flutter at follow-up (13 months): intention to treat

Study or 
subcategory

Ablation
n/N

Comparison
n/N

RR
95% CI

Weight
%

RR (fixed) 
95% CI Year

Da Costa, 2006121 50/52 37/52 100.00 1.35 (1.13–1.62) 2006

 0.1  0.2  0.5  1  2  5  10
Favours comparison  Favours ablation
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TABLE 19 Relative risks and odds ratios for freedom from arrhythmia at follow-up in atrial flutter RCTs

Relative risk 
(95% confidence interval)

Odds ratio 
(95% confidence interval)

RFCA vs AAD maintenance therapy (one study)

 Freedom from arrhythmia (intention to treat) 2.20 (1.33–3.63) 7.20 (2.26–22.95)

 Freedom from flutter (intention to treat) 14.03 (3.67–53.70) 203 (26.73–1541.94)

 Freedom from AF (intention to treat) 1.77 (1.08–2.90) 3.67 (1.26–10.64)

RFCA vs intracardiac stimulation/cardioversion plus amiodarone (one study)

 Freedom from flutter (per protocol) 1.36 (1.13–1.64) 10.42 (2.24–48.41)

 Freedom from flutter (‘worst case’) 1.19 (0.97–1.46) 2.23 (0.85–5.84)

 Freedom from flutter (intention to treat) 1.35 (1.13–1.62) 10.14 (2.18–47.06)

 Freedom from AF (per protocol) 1.42 (0.66–3.02) 1.56 (0.60–4.04)

 Freedom from AF (intention to treat) 1.44 (0.68–3.08) 1.59 (0.61–4.13)

For reference, Table 19 shows the outcomes from 
the two RCTs when calculated as relative risks and 
odds ratios and related confidence intervals. 

Complications, adverse 
events and mortality
Table 20 summarises the complications, adverse 
events and deaths reported in the two atrial flutter 
RCTs.

These studies included a total of 164 patients 
and reported a total of seven adverse events 
or complications. Natale et al.29 reported one 
patient with groin haematoma and one with chest 
discomfort among 31 patients receiving ablation. 
Da Costa et al.121 reported two occurrences of 
hypothyroidism, one of hyperthyroidism and 
two of symptomatic sick sinus syndrome among 
51 patients receiving long-term amiodarone 
treatment.

The Da Costa et al. study reported six deaths in the 
ablation group (11.5%; one refractory heart failure, 
one sudden death, four non-cardiovascular causes) 
and eight deaths in the amiodarone group (15.7%; 
one pulmonary embolism, one death during 
coronary artery bypass graft surgery, four non-
cardiovascular causes, two unknown).

Quality of life
In the study by Natale et al.,29 QoL and symptom 
scores significantly improved from baseline for all 
measures in the RFCA group at 6 and 12 months. 
Significant improvement over time in the drug 
therapy group was seen only for palpitations.

Summary of results from controlled trials

There is very little randomised evidence available 
to assess the effectiveness of RFCA for the curative 
treatment of atrial flutter. That which is available 
suggests that a high proportion of patients who 
undergo RFCA are free from atrial flutter at follow-
up in the medium term. RFCA has been shown to 
be superior to AAD therapy in terms of freedom 
from flutter in one small RCT of moderate quality 
and, in a larger moderate quality RCT, superior to 
cardioversion followed by long-term amiodarone in 
a selected group of older patients.

Only two repeat procedures were mentioned, in 
one of the two trials.29

There is very little evidence from trials on the 
impact of RFCA on QoL in patients with atrial 
flutter. Where this has been reported, RFCA was 
associated with a general increase in self-reported 
health scores from baseline.

Where reported, complications associated with 
RFCA were rare. The currently available evidence 
does not show a significant relationship between 
RFCA and mortality.

Assessment of effectiveness 
from case series
Case series characteristics
Populations

Twenty-three case series with a total of 4238 
participants were included (Table 21). The number 
of treated patients in each case series ranged 
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TABLE 20 Complications, adverse events and mortality in controlled studies of catheter ablation for atrial flutter

Study
Groin 
haematoma

Chest 
discomfort

Thyroid 
dysfunction

Sinus node 
dysfunction Death

Natale et 
al., 200029

RFCA 1/31 (3%) 1/31 (3%) – – –

Drug treatment 
(LT)

– – – – –

Da Costa et 
al., 2006121

RFCA – – – – 6/52 (11.5%)

CVN + amiodarone 
(LT)

– – 3/51 (6%) 2/51 (4%) 8/51 (15.7%)

CVN, cardioversion; LT, long-term maintenance therapy.

from 100 to 417. Seven case series originated 
from the USA, 15 from Western Europe (mainly 
France, Germany and Italy) and one from Taiwan. 
Although obvious duplicate reports have been 
excluded, the case series included multiple 
publications from centres in France122,123,128,129 and 
Germany140,141 and so there may be some overlap of 
populations.

Of the 23 case series, 19 had an average patient 
age of 60 years or more. With one exception,136 
all the case series had a majority of male patients. 
Duration of symptoms was reported in ten case 
series and ranged from 13 months to 4.1 years; 
this was shorter than for most of the AF case 
series. Patient populations were classified as drug 
refractory in nine of the 23 atrial flutter case series, 
mixed (drug refractory and first line) in nine and 
unclear in five. The number of unsuccessful AADs 
was reported for five of the case series with drug-
refractory patient populations119,133,136,140,141 and 
ranged from 1.7 to 2.2. Prevalence of structural 
heart disease (excluding hypertension where 
possible) was reported for 18 case series and 
ranged from 22% to 72%.

Interventions
All of the case series used CTI ablation. A 
variety of different catheter types and mapping 
techniques were used but only three studies 
treated as case series were trials of different 
ablation techniques.123,124,141 Most case series used 
bidirectional conduction block as the end point 
of the procedure, often requiring the block to 
last for at least 30 minutes. AAD treatment was 
stopped before the procedure in seven case series 
and continued in one; in the remaining series the 
situation was unclear. Patients returned to AADs 
after the procedure in one case series, AADs were 
withheld in three and in the other 19 series the 
situation was unclear. Of the eight case series that 

reported anticoagulant use, six used heparin and 
two used warfarin. Time on anticoagulants after 
ablation, when reported, ranged from 7 days to 3 
months. Details are presented in Appendix 3.9.

Freedom from arrhythmia at 12 months
The results of the case series are reported as 
two outcomes: freedom from atrial flutter and 
occurrence of other arrhythmias, mainly AF. The 
results for freedom from atrial flutter and other 
arrhythmias at 12 months are summarised in Tables 
22 and 23.

Freedom from atrial flutter at 12 months’ follow-
up was reported to range from 72% to 95% with a 
weighted mean of 88% (95% CI 85–92%). None of 
the series reported whether the results at these time 
points were due to single or repeat procedures.

Freedom from arrhythmia 
at mean follow-up
Most studies reported data for a mean follow-up 
period (Table 24). Across all durations of follow-up 
freedom from atrial flutter was maintained in 68.3–
97.8% of patients ablated. At the longest duration 
of mean follow-up (30 months) the reported rate of 
freedom from atrial flutter was 85.1%.131 However, 
these values are not easily interpreted as we do 
not know how many patients were at risk over 
the follow-up periods. Although the success rates 
for freedom from atrial flutter appear high, the 
proportion of patients with AF or atrial tachycardia 
or atypical atrial flutter at the end of follow-up 
is noteworthy; ignoring the data from the study 
that included repeat ablation124 the proportion 
of patients with another arrhythmia ranged from 
8.7% to 53.2%. Thus, the proportion of patients 
who achieve freedom from arrhythmia following 
RFCA for atrial flutter is calculated to range from 
31.7% to 86.9%.
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TABLE 22 Efficacy data at 12 months’ follow-up

Author
Number 
ablated

Overall freedom from 
AFl as reported

Overall freedom 
from AFl (assuming 
dropouts AFl)

Occurrence of AF or 
other arrhythmiaa

Bertaglia et al., 200273 383 NR NR AF:148/383 (38.6%)

Calkins et al., 2004126 150 47/59 (79.7%) 47/150 (31.3%) AF: 107/150 (71.3%)

Feld et al., 2004120 169 93/98 (95%)b 93/169 (55%)b NR

Gilligan et al., 2003130 126 91/126 (72.2%) 91/126 (72.2%) NC

AFl, atrial flutter; NC, not calculable; NR, not reported. 
a Calculated as ‘worst case’ ITT, assuming that patients not successfully ablated did not develop AF or atypical AFl later.
b Freedom from symptoms.

TABLE 23 Freedom from atrial flutter at 12 months: proportions with 95% confidence intervals and pooled estimate of effect

n N Proportion LCI HCI

Calkins et al., 2004126 47 59 0.797 0.69 0.90

Feld et al., 2004120 93 98 0.949 0.91 0.99

Gilligan et al., 2003130 91 126 0.722 0.60 0.70

Total 231 354

Weighted pooled (random effects) 
estimate of proportion

0.88 0.85 0.92

HCI, higher confidence interval; LCI, lower confidence interval.

TABLE 24 Freedom from arrhythmia at mean follow-up 

Mean follow-up time Number of series Range as reported (%) Range worst case (%)

0–6 months 1 96 86

> 6–12 months 9 96–98 76–98

> 12–18 months 7 68–98 68–98

> 18–24 months 6 78–96 78–96

> 24 months 4 88–96 85–95

Quality of life
Only two case series reported on QoL before and 
after ablation of atrial flutter. Feld and colleagues120 
used three health-related QoL instruments 
that were administered at baseline and 3 and 6 
months after ablation. Significant improvements 
over baseline were seen in 10/13 items reported. 
In the series by Calkins and colleagues,126 the 
SF-36 questionnaire and a symptom checklist 
were administered at baseline and 6 months 

after ablation. Improvements were seen in six 
of the eight SF-36 domains, in general physical 
and mental health and in 13 out of 16 cardiac 
symptoms.

Complications and mortality
The reported complications and mortality rates 
are summarised in Table 25 with further details in 
Appendices 3.11 and 3.12.
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Mortality

Of the 23 case series, six reported some data 
on mortality rates. Only two reported mortality 
rates for the periprocedural and immediate 
postprocedural period; both specifically reported 
mortality rates of 0%.120,134 One case series reported 
mortality of 4/169 ablated patients at 6 months 
(2.4%).120,142 One series reported mortality at 12 
months: five deaths unrelated to the procedure 
among 150 patients (3.3%).126 Four case series 
reported mortality at mean follow-up, with 
mortality rates that ranged from less than 1% to 
12.5% over 16–29 months. No case series reported 
on mortality at 3 months, 9 months, 15 months, 18 
months or 24 months. Summed across case series 
(Table 25) this represents a mortality rate of 4.5% in 
those case series reporting mortality (3.5% across 
all series reporting at that time point). Deaths 
during follow-up may reflect the relatively high 
prevalence of structural heart disease in some case 
series. One series126 specifically reported that the 
deaths that occurred were unrelated to the ablation 
procedure.

Complications
A substantial proportion of case series that 
reported on complications reported that there 
were none or no significant complications: five 
out of 13 for the periprocedural and immediate 
postprocedural period and one out of three 
at mean follow-up. No case series reported on 
complications at 3 months, 9 months, 12 months, 
15 months, 18 months or 24 months.

Atrioventricular block AV block was reported as 
a procedural complication in four series at a 
frequency of 0.5–1%. One series143 reported two 
cases of AV block among 383 patients at mean 
follow-up.

Haematomas Haematomas as a procedural 
complication were reported in 0.5–2.3% of ablated 
patients in three case series; two patients with groin 
haematomas in one series also had false femoral 
aneurysms.133 One series reporting outcomes 
at mean follow-up noted an accidental arterial 
puncture leading to groin haematoma,123 probably 
a procedural complication.

Other complications For the periprocedural and 
immediate postprocedural period, ventricular 
arrhythmias (tachycardia or fibrillation) were 
reported in one patient in each of three case series. 
Pericardial effusion was reported in 2/363 patients 
in one series138 and 2/100 in another.124

Summary of results from case series

Freedom from atrial flutter at 12 months’ follow-
up was reported to range from 72% to 95% with a 
weighted mean of 88% (95% CI 85–92%) (Table 23). 
When the occurrence of AF or other arrhythmias 
was taken into account the proportion of patients 
free from arrhythmia appears to be nearer 30%; 
however, it should be noted that this estimate is 
derived from just three poor-quality case series with 
differing study characteristics. None of the series 
reported whether or not the results at these time 
points were due to single or repeat procedures.

For longer duration of follow-up, freedom from 
atrial flutter at mean follow-up was reported to be 
approximately 68–98%.

RFCA for atrial flutter differs from ablation for 
AF in having a less clear pattern of complications 
that may be associated with the procedure. The 
most frequent complications in these case series 
were AV block and haematomas, most commonly 
reported in the periprocedural and immediate 
postprocedural period. Across case series, assuming 
no duplication of patients between case series, no 
single complication occurred at a rate of more than 
0.5%. Complications during longer-term follow-up 
were rarely reported and further research is needed 
to gain a more complete picture.

Discussion of clinical 
evaluation

The evidence reviewed here suggests that RFCA is 
an efficacious procedure for the treatment of AF 
and atrial flutter, with controlled studies typically 
reporting it to be more effective than long-term 
antiarrhythmic medical therapy. RFCA has not 
really been evaluated against other treatments with 
the exception of one unpublished non-randomised 
study comparing RFCA against direct current 
cardioversion and AV node ablation in AF.62 Most 
of the evidence for the effectiveness of RFCA in AF 
is in patients in whom pharmacological therapy 
has failed, reflecting current guidelines and 
recommendations.4,70 However, one small RCT60 
that investigated RFCA as first-line treatment 
found that its effectiveness relative to long-term 
AAD therapy did not differ substantially from the 
RCTs conducted in patients refractory to drug 
treatment. In most studies of atrial flutter the 
populations were not strictly drug refractory.

Although the evidence also suggests that RFCA 
is effective for atrial flutter, the lack of high-
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quality randomised data means that there are 
real uncertainties around the estimate for the 
effectiveness of RFCA in atrial flutter. Furthermore, 
most of the case series of atrial flutter also failed 
to report freedom from arrhythmia at 12 months. 
Thus, the evidence base for RFCA in atrial flutter 
is very limited. Case series evidence suggests 
that a significant proportion of patients develop 
new-onset AF following flutter ablation; however, 
the small amount of published randomised 
evidence does not suggest that this occurs any 
more frequently in ablated patients than in 
patients receiving other treatments, with one study 
suggesting a lower rate of new-onset AF in patients 
undergoing RFCA than in those receiving AADs.29

Importantly, it is not clear to what extent success 
rates depend on repeat ablations. Repeat 
procedures were rare in the small number of 
included RCTs, but this was often unclear or not 
reported in case series. In addition, the available 
data were not sufficient to enable us to determine 
the influence of the proportion of patients with 
structural heart disease or mean duration of 
arrhythmia on success rates.

Although relief from symptoms is one of the 
goals of treatment, there is little evidence from 
randomised trials on the impact of RFCA relative 
to AAD treatment on QoL. The small amount of 

evidence that is available from RCTs and case series 
does however suggest that RFCA treatment might 
be associated with improvements in self-rated 
physical and/or general health from baseline in AF 
and atrial flutter.

The available data indicate that there is a relatively 
small risk of serious complications associated with 
RFCA, with a low risk of operative mortality. The 
risk of such complications needs to be balanced 
against that of potential adverse events associated 
with long-term use of certain antiarrhythmic 
agents. It should be noted that estimates of 
overall complication rates are associated with 
high uncertainty because of limited reporting. For 
example, only 22 out of 52 AF case series reported 
on immediate complications, and rates of reporting 
at other follow-up points were even lower. However, 
we considered it reasonable to assume that, when 
complications were not reported, they did not 
occur.

As a final point it should be noted that the 
published evidence may not be entirely 
generalisable to practice; much of the evidence 
comes from pioneering centres and it is these 
centres that have produced a disproportionately 
large number of the included case series and which 
have been the first to undertake randomised trials.
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Systematic review of existing 
cost-effectiveness evidence
Methods
A broad range of studies was considered for 
inclusion in the assessment of cost-effectiveness, 
including economic evaluations conducted 
alongside trials, modelling studies and analyses 
of administrative databases. Only full economic 
evaluations that compared two or more options and 
considered both costs and consequences (including 
cost-effectiveness, cost-utility and cost-benefit 
analyses) were included.

The following databases were searched for relevant 
published literature: Cochrane Controlled Trials 
Register (CCTR), EMBASE, Health Economic 
Evaluations Databases (HEED), MEDLINE, 
National Research Register (NRR), NHS Economic 
Evaluation Database (NHS EED), PsycINFO and 
Science Citation Index. Full details of the main 
search strategy for this review are presented in 
Appendix 1.

Two reviewers independently assessed all obtained 
titles and abstracts for inclusion. Any discrepancies 
were resolved by discussion. The quality of the 
cost-effectiveness studies was assessed according 
to a checklist updated from that developed by 
Drummond et al.1

Results

The systematic literature search identified only one 
study144 that met the inclusion criteria for the cost-
effectiveness review. The following sections provide 
a detailed critique of the cost-effectiveness evidence 
from the included study and an assessment of 
the quality and relevance of the data from the 
perspective of the UK NHS. A quality assessment 
checklist is provided in Appendix 7.1.

Review of Chan et al., 2006:144 cost-
effectiveness of RFCA for atrial fibrillation
Overview
The study was designed to compare the cost-
effectiveness of left atrial catheter ablation (LACA) 
with the cost-effectiveness of two alternative 
treatment strategies for the management of AF. 

The two alternative strategies were (1) rhythm 
control with amiodarone therapy and (2) rate 
control with a combination of digoxin and atenolol 
therapy. The main outcome measure was the 
degree of stroke reduction evaluated according to 
different baseline risks of stroke (low or moderate). 
In addition, short- and long-term outcomes 
including haemorrhage, drug toxicity, adverse 
events and procedural complications for each 
treatment strategy were incorporated. In all of the 
strategies patients also received antithrombotic or 
anticoagulant therapy. Those at moderate risk of 
stroke received warfarin whereas those at low risk 
received warfarin or aspirin.

The study was based on a deterministic Markov 
decision-analytic model of AF in a hypothetical 
65-year-old US population at risk of stroke, 
evaluated over a cycle length of 3 months with 
patients modelled until death. A moderate risk 
of stroke was defined as having one risk factor 
(hypertension, diabetes mellitus, coronary artery 
disease or congestive heart failure), a low risk of 
stroke was defined as having no risk factors, and a 
high risk of stroke (≥ two risk factors) was excluded 
from the analysis. An additional cohort of 55-year-
old patients at moderate risk was also considered. 
The study reports a societal perspective, although 
the exclusion of productivity costs means that the 
analysis is closer to a US payer perspective.

Summary of effectiveness data
An efficacy rate for LACA of 80% was derived 
from a number of large studies including a 
worldwide survey of the methods, safety and 
efficacy of curative catheter ablation of AF.25 The 
rate incorporates a 30% redo ablation rate from 
AF recurrences or post-ablation atrial flutters 
during the first year. Because of the absence 
of long-term data on the relapse rate to AF for 
patients successfully restored to sinus rhythm with 
LACA, a 2% annual rate was assumed. The model 
incorporated complication rates due to LACA for 
tamponade, stroke, atrioesophageal fistula, death 
and other events.

The rate of restoration to sinus rhythm with 
rate control therapy was based on findings from 
a 5-year follow-up of the AFFIRM trial.145 The 
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relapse rate back to AF was conservatively assumed 
to be 5% annually. Rates for amiodarone efficacy, 
adverse events and relapse to AF were derived from 
a large number of literature sources.

The annual baseline stroke risks (without 
antithrombotic therapy) were based on conservative 
estimates from two previous decision-analytic 
models and a more recent meta-analysis.146,147 The 
additional use of aspirin or warfarin therapy in 
conjunction with AF treatment was modelled on 
the basis of an annual stroke risk reduction with 
aspirin therapy of 22% (for both risk groups), 
and an annual stroke risk reduction with warfarin 
therapy of 45% and 35% compared with aspirin 
therapy at moderate and low risk respectively. 
The annual risk of stroke in patients with AF 
restored to sinus rhythm was unknown. The study 
assumed a rate of 0.5% for the cohort at low risk of 
stroke, representing a 29% relative risk reduction 
compared with low-risk AF patients on warfarin 
therapy. A similar relative risk reduction in the 
moderate risk cohorts was assumed. The model 
incorporated differential mortality and disability 
rates associated with stroke severity for patients 
on aspirin and warfarin therapy, and the rates for 
these were derived from a number of published 
literature sources. Patients who experienced a 
stroke were modelled to be twice as likely to have a 
recurrent stroke.

The annual baseline risks of haemorrhage for 
aspirin and warfarin therapy were based on results 
from a recent meta-analysis of pooled data from six 
randomised clinical trials.148 A 1.5 relative risk of 
rehaemorrhage was based on data from the SPAF 
I–III clinical trials.149

Summary of resource 
utilisation and cost data
Costs associated with treatment (single event 
and annual costs), cardiac events, annual care, 
intracranial bleed, stroke and adverse events 
associated with treatment were based on Medicare 
reimbursement rates, hospital accounting 
information, previously published studies and 
the Red Book for wholesale drug costs. Costs were 
reported in US dollars for the year 2004 and 
discounted at an annual rate of 3%. Productivity 
and personal care costs were not included in the 
analysis.

The cost associated with a single ablation was 
US$16,500. The cost of repeat ablation was 
assumed to be the same as the cost of the first 
procedure. The cost of complications from 

ablation was estimated to be the average of 
complication costs from tamponade and stroke 
with LACA at US$11,000. A rare atrioesophageal 
fistula complication with a 50% mortality rate 
was estimated to cost US$50,000 per event. The 
annual cost of warfarin therapy included the cost 
of regular 4-week serum monitoring and an office 
visit. Patients receiving rate control treatment were 
assigned atenolol and digoxin therapy. The cost 
of digoxin therapy included 6-month monitoring 
costs.

Summary of cost-effectiveness data
Quality of life for warfarin and aspirin therapies 
and individual health states were obtained 
from published studies. For clinical events 
(stroke, haemorrhage, drug toxicity and LACA 
complications) a disutility of 0.5 was applied for the 
duration of the event.

For 65-year-old patients with AF at moderate risk 
of stroke and on warfarin therapy, LACA (with 
an 80% efficacy rate) was estimated to be more 
effective but more costly than the alternative 
treatment strategies. The corresponding 
incremental cost-effectiveness ratio (ICER) was 
US$51,800 per QALY gained when compared 
with the use of rate control therapy. The use of 
amiodarone therapy was both less effective and 
more costly, and was dominated by rate control 
therapy. Similarly, for 55-year-old patients with AF 
at moderate risk of stroke, LACA was more costly 
and more effective with an ICER of US$28,700 
per QALY gained relative to rate control therapy, 
which dominated amiodarone therapy. For 65-year-
old patients at low risk for stroke and on aspirin 
therapy, LACA had an ICER of US$98,900 per 
QALY gained compared with rate control therapy, 
which dominated amiodarone therapy.

The ICERs above US$50,000 are driven largely 
by the significant upfront costs of LACA surgery. 
Any time horizon shorter than a lifetime would 
make LACA appear less cost-effective. The study 
estimated that for 65-year-old moderate stroke 
risk patients and an 80% LACA efficacy rate, 
relative stroke risk reductions with long-term sinus 
rhythm restoration of 42% and 11% would yield 
ICERs of less than US$50,000 and US$100,000 
per QALY gained respectively. For the same 
patient population at low risk of stroke, LACA 
therapy could never be cost-effective unless the 
reduction in stroke risk was improbably large. 
The LACA efficacy rate is inversely related to the 
relative stroke risk reductions with sinus rhythm 
restoration, i.e. higher and lower LACA efficacy 
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rates require correspondingly lower and higher 
stroke risk reductions to achieve the required cost-
effective thresholds.

A series of univariate and multivariate sensitivity 
analyses were performed over a range of estimates 
for patients at moderate risk of stroke. The one-
way analyses indicated that the ICER was most 
sensitive to the risk of stroke in AF with warfarin 
therapy, the discount rate, the cost of LACA, the 
utility and haemorrhage risk with warfarin therapy, 
the rate of recurrence of AF after LACA, and the 
conversion rate to sinus rhythm with rate control 
therapy. The multivariate sensitivity analyses were 
conducted using Monte Carlo simulation methods. 
The results indicate that, for 55-year-old moderate 
stroke risk patients, there is an 82% probability 
that the ICER comparing LACA treatment with 
rate control therapy is below US$50,000 per QALY 
gained. Among the 65-year-old moderate stroke 
risk population the cost-effectiveness is less certain 
with a 40% probability that the ICER falls below 
US$50,000 per QALY gained.

Discussion

The study is comprehensive and well conducted 
but suffers from a number of limitations. It focuses 
primarily on the long-term benefit of stroke risk 
reduction rather than considering a broader 
set of potential treatment benefits including 
palliative benefits from improved symptoms. This 
distinction may have an important impact on the 
overall estimate of cost-effectiveness. Recurrent 
arrhythmias occur in the vast majority of patients 
with AF whereas stroke occurs in a minority of 
patients. Thus, symptomatic benefits from catheter 
ablation should be considered in an assessment of 
the cost-effectiveness of the procedure. The study 
focused on first-line use of LACA for maintaining 
sinus rhythm in patients with AF; however, the 
majority of patients referred for LACA therapy 
have failed previous antiarrhythmic therapy. 
As such, the study may have underestimated 
the relative efficacy of LACA compared with 
pharmacological strategies for these patients.

From a UK NHS perspective the study has a 
number of additional limitations. The data are 
mostly sourced from a variety of US studies and the 
costs are specific to the US. As such, it is difficult 
to assess the generalisability and transferability 
of the data to a UK setting in which the pattern 
of care and number of surgeons undertaking 
catheter ablation differs. For example, in the UK 

catheter ablation is usually performed only on the 
most highly symptomatic patients. The exclusion 
of potential QoL benefits due to symptomatic 
improvements in this study is potentially a key 
omission in relation to current UK management. 
The following section presents a new decision-
analytic model that has been developed to provide 
a more appropriate analysis in the context of the 
UK NHS.

Decision model
Overview
The review of cost-effectiveness studies in the 
previous section identified a number of potential 
limitations of previously published studies in 
relation to the cost-effectiveness of RFCA in the UK 
NHS. A new decision-analytic model was therefore 
developed to more formally assess the cost-
effectiveness of RFCA in this setting. This model 
provides a framework for the synthesis of data from 
the clinical effectiveness review and other relevant 
parameters in order to evaluate the potential long-
term cost-effectiveness of RFCA. The model was 
developed using Microsoft Excel.

The model was populated using data from 
the systematic review and synthesis of clinical 
effectiveness data reported in Chapter 3 in the 
section on summary of results from case series of 
AF. The model considers the potential long-term 
costs and consequences associated with the primary 
outcome of the review: freedom from arrhythmia 
at 12 months. The model evaluates costs from 
the perspective of the NHS and Personal Social 
Services (PSS), expressed in UK pounds sterling 
at a 2006 price base. Outcomes in the model are 
expressed in terms of QALYs. As appropriate 
utility values could not be identified in the studies 
meeting the inclusion criteria for the clinical or 
cost-effectiveness reviews (see section on quality 
of life under Model inputs), a series of additional 
searches were required to relate the primary 
outcome from the clinical effectiveness review to 
QALYs and to identify additional data required 
to quantify the potential long-term costs and 
consequences required for the cost-effectiveness 
analysis. Both costs and outcomes are discounted 
using a 3.5% annual discount rate, in line with 
current guidelines.150 All stages of the work were 
informed by discussion with our clinical advisors to 
provide feedback on specific aspects of the analysis 
such as the model structure, data inputs and 
assumptions.
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The model is probabilistic in that input parameters 
are entered into the model as probability 
distributions to reflect second order uncertainty 
– that is, uncertainty in the mean estimates.151,152 
Monte Carlo simulation is used to propagate 
uncertainty in input parameters through the 
model in such a way that the results of the analysis 
can also be presented with their uncertainty. 
The probabilistic analysis also provides a formal 
approach to quantifying the consequences 
associated with the uncertainty surrounding the 
model results and can be used to identify priorities 
for future research.

The following sections outline the decision 
problem and the structure of the model and also 
provide an overview of the key assumptions and 
data sources used to populate the model in more 
detail.

Treatment strategies 
and population

The decision problem addressed by the model 
relates to the cost-effectiveness of RFCA in adults 
with AF refractory to at least one AAD. During 
the review process consideration was given to 
extending the model to consider typical atrial 
flutter as well. However, although the general 
structure of the model was considered to be 
generalisable across the different patient groups, 
it was unclear whether the data inputs required for 
the long-term modelling (particularly in relation 
to subsequent prognosis) could be generalised in 
the same manner. Given that the majority of data 
required to populate the long-term model were 
reported only for subjects with AF, a decision was 
made to constrain the analysis to subjects with AF 
only.

The decision model therefore evaluates a strategy 
of RFCA (without long-term AAD use) compared 
with long-term AAD treatment alone in adults with 
AF refractory to at least one AAD. It should be 
recognised that the majority of subjects included 
in the RCTs of this comparison had paroxysmal AF 
as opposed to persistent or permanent forms. This 
needs to be taken into account when generalising 
the results from the cost-effectiveness analysis to 
the management of AF. For the evaluation of long-
term AAD treatment the model evaluates the use of 
amiodarone. Amiodarone was selected on the basis 
that this was the AAD most likely to be given after 
patients had previously failed on other AADs in 
routine practice. It was also the most common AAD 
evaluated in the RCTs comparing the strategies 
considered in the model.

Model structure
The model is made up of two components: a short-
term element, which characterises a period of 12 
months, and a long-term element, which considers 
the costs and outcomes over the remaining 
lifetime of a patient. The period represented 
by the short-term model mirrors the primary 
outcome considered in the clinical effectiveness 
review (freedom from AF at 12 months), ensuring 
consistency between the clinical and economic 
analyses.

Short-term model
The short-term model is structured as a decision 
tree as shown in Figure 9, reflecting the short-term 
clinical outcomes and adverse events associated 
with the two treatment strategies. For the RFCA 
strategy, patients are exposed to a risk of operative 
death or procedural complications. The major 
complications include cardiac tamponade, stroke 
and PV stenosis, each of which influence the 
management costs and QoL attributed to RFCA. 
For AADs, patients face a risk of adverse drug 
toxicity. This risk may represent time-limiting 
symptoms that require evaluation and management 
of the toxic event, but which may be reversed 
without the need for discontinuation of the drug 
therapy. This is represented by ‘reversible general 
toxicity’ in Figure 9. However, patients may have an 
acute episode of toxicity that requires permanent 
withdrawal from treatment. These patients face an 
additional risk of pulmonary complications given 
that they have withdrawn. These complications 
in turn can either be reversed or lead to acute 
irreversible pulmonary toxicity, with an elevated 
risk of mortality assumed to be associated with the 
latter event.

Several competing risks including stroke, adverse 
bleeding events (due to concomitant medications) 
and other causes of mortality are also included in 
the short-term model for both treatment strategies. 
At the end of the 12-month period patients are 
either restored to NSR or they revert back to AF 
(after accounting for mortality and the risk of 
stroke over this period). These outcomes represent 
the main starting health states for the long-term 
Markov model (denoted by M in Figure 9).153

Long-term model
The long-term model considers the subsequent 
prognosis (beyond 12 months) of patients with 
NSR/AF or stroke, quantifying the potential costs 
and QoL incurred by patients over their remaining 
lifetime. In addition to considering any potential 
QoL and cost differences between the separate 
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Death from toxicity (dead) 

No complications 
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states, the model also allows the subsequent 
prognosis to differ according to the longer-term 
risks of fatal and non-fatal events (in particular the 
risk of stroke).

The long-term models for the two treatment 
strategies take slightly different forms and are 
illustrated in Figures 10 and 11. The same general 
structure is applied to both strategies, although the 
potential adverse drug toxicity events associated 
with the use of AADs require additional states in 
the model. Both models take the form of a Markov 
process with key health states for NSR, AF, stroke 
and death (represented using circles). The arrows 
represent possible pathways (transitions) that a 
patient may follow over each cycle of the model 
(annual cycles are applied).

For RFCA (Figure 10), patients enter the model 
at the end of 12 months in the NSR, AF or stroke 
state. Patients entering the NSR state face an 
annual probability of reversion back to AF. In 
addition, they face an elevated risk of stroke 
compared with the general population. Patients 
entering the AF state are assumed to face a higher 
risk of stroke than NSR patients (see later sections 

for details). If patients survive the first year of 
a stroke they then enter a post-stroke state in 
which the risk of death due to stroke and the costs 
incurred from stroke are lower than in the first 
year of the event. In each yearly cycle all patients, 
regardless of their current health state, face an 
annual risk of mortality from other causes (non-
stroke mortality).

For AADs (Figure 11), patients enter the model at 
the end of 12 months in the NSR, AF or stroke 
state but can also enter with irreversible pulmonary 
toxicity. Irreversible pulmonary toxicity incurs an 
annual cost and QoL decrement for each year that 
the patient remains alive and so the model must 
keep track of these patients. Patients in the NSR 
state continue receiving AADs and therefore have 
an annual probability of general toxicity. If this 
toxicity occurs and is reversible and non-fatal, an 
additional cost and QoL decrement is incurred 
only for the duration of the event. If this risk is 
non-reversible then patients face longer-term 
costs and QoL implications. Patients who stayed 
in the AF state after the first year of treatment, 
or reverted back to the AF state from NSR, were 
assumed to be withdrawn from AAD treatment 

FIGURE 9 Schematic of the short-term model showing pathways for adverse events and complications from treatment leading to the 
two main starting health states (normal sinus rhythm and atrial fibrillation) of the long-term Markov model.
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FIGURE 10 Structure of the long-term model for RFCA.
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FIGURE 11 Structure of the long-term model for AADs.

at this point. The subsequent prognosis for these 
patients included a higher risk of stroke than for 
NSR patients, and a risk of other-cause mortality. 
The subsequent movement between the NSR, AF 
and stroke states for patients having received AADs 
are assumed to be the same as for RFCA patients 
in a number of aspects. However, the strategies will 
differ according to the proportion of patients who 
leave the short-term model in the different states (a 
higher proportion of patients are assumed to leave 

the short-term model in the NSR state for RFCA) 
and the long-term risk of reverting back to AF from 
the NSR state. Both models also include a cost and 
QoL decrement linked to the risks of major and 
minor bleeding events associated with the use of 
anticoagulants. These are assumed to be the same 
for both strategies and will only differ in the long 
term if there are mortality differences between the 
strategies. That is, patients who live longer will 
continue to accrue these costs over a longer period.
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Key assumptions
The cost-effectiveness of RFCA in the NHS will 
be determined by a number of potential factors. 
These factors relate to both short-term and longer-
term issues and also to the generalisability of the 
existing clinical evidence base to the NHS. In the 
short term the use of RFCA will incur significant 
additional upfront costs compared with AADs 
in terms of the initial procedure costs and the 
management of any associated complications. 
There will also be a potential increase in the 
short-term risk of major adverse events due to the 
operative risk of mortality and stroke. For RFCA to 
be considered cost-effective in the long term it will 
be important to demonstrate that these additional 
costs result in potential long-term gains in QoL 
and/or that subsequent management costs are 
reduced compared with the use of AADs. There 
also remains an important question of whether the 
RCT evidence on the clinical effectiveness of RFCA 
can be applied to a UK setting.

The model makes a number of key assumptions in 
considering the cost-effectiveness of RFCA in the 
UK NHS. These include:

QoL•	  Potential QoL gains associated with 
RFCA are examined in relation to a number 
of factors: (1) improved symptomatic benefits 
in both the short term and long term and the 
duration that these are likely to be maintained; 
(2) the avoidance of the use of AADs and the 
impact that potential side effects may have on 
QoL; (3) the impact of RFCA on the longer-
term risk of stroke and/or mortality due to any 
prognostic benefit compared with the use of 
AADs.
Costs•	  In addition to the initial upfront costs 
associated with the use of RFCA, potential 
differences in the subsequent management of 
patients are also considered. These include: (1) 
the avoidance of the acquisition costs of AADs 
themselves and the costs of managing side 
effects; (2) the potential for RFCA to reduce 
the frequency and/or severity of recurrent 
episodes of AF in both the short term and 
longer term, thereby potentially reducing 
subsequent management costs; (3) a reduction 
in the costs associated with major clinical 
events such as stroke due to any prognostic 
benefits compared with the use of AADs.
Generalisability of evidence to the UK•	  In addition 
to ensuring that the management costs 
and underlying risks associated with AF are 
relevant to UK patients, consideration is given 
to whether the existing RCT evidence itself, 

related to the use of RFCA, can be transferred 
directly to a UK setting.

Clearly there exists significant uncertainty in 
relation to each of these separate aspects. The 
use of decision analysis provides a number of 
advantages in exploring these uncertainties 
in more detail: (1) it provides a framework for 
identifying the potential risks and benefits (short 
and long term) associated with each strategy; (2) 
it makes each of these assumptions explicit and 
can highlight where the current uncertainties 
exist; (3) it provides a quantitative approach to 
synthesising evidence from separate sources and 
the use of probabilistic analysis means that the 
precision of each source can be reflected in the 
distribution assigned (reflecting the degree of 
uncertainty surrounding particular inputs); and (4) 
the potential impact of each of the assumptions on 
the cost-effectiveness results can be considered in 
detail.

The following sections provide a detailed overview 
of the model inputs and the main assumptions. 
A base-case analysis is then undertaken using a 
particular set of assumptions. A series of detailed 
sensitivity analyses follows, exploring the impact of 
a range of alternative assumptions on the overall 
cost-effectiveness results.

Model inputs

A full list of parameter inputs applied in the 
model is reported in Appendix 7.3. Each of the 
main parameter groups (e.g. clinical effectiveness 
parameters, costs, QoL, etc.) is discussed in detail 
in the following sections.

Baseline events rates (RFCA) and 
relative treatment effect (versus AADs)
The clinical effectiveness review identified three 
RCTs in which RFCA was compared directly with 
AADs for patients with predominantly paroxysmal 
AF. The primary health outcome considered in 
these trials was freedom from AF at 12 months. 
These data are used to estimate the probability of 
NSR and AF for RFCA and AADs applied in the 
short-term model. However, the generalisability 
of the RCT evidence to the NHS is an important 
issue. In many respects, treatment patterns in the 
centres involved in the trials may differ from those 
in the UK. Consequently, it is unclear whether the 
success rates of RFCA from the RCTs are likely 
to be representative of UK practice or not. One 
approach to dealing with this in decision models 
is to incorporate external evidence relevant to the 
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setting of interest. This is commonly carried out by 
using external evidence to estimate the event rates 
associated with one particular strategy, the external 
evidence itself acting as a ‘baseline’ representing 
UK practice. The relative treatment effect measure 
derived from the RCTs (e.g. odds ratio, relative 
risk – either unadjusted or adjusted for the revised 
baseline event rates) is then applied to the baseline 
data to estimate the absolute event rates for the 
other comparator(s). To consider this issue within 
the decision model, a range of alternative sources 
were considered as a potential basis for providing 
an alternative source of baseline data for RFCA to 
that reported in the RCTs.

The clinical effectiveness review identified one 
UK case series that met the inclusion criteria 
and which could potentially provide alternative 
data with which to estimate a baseline for RFCA. 
This study by Bourke and colleagues66 was based 
on a relatively small number of patients (n = 36, 
paroxysmal AF; n = 64, persistent AF) and the 
outcome of freedom from AF was reported at 
6 months’ follow-up. Given the small patient 
numbers and the short follow-up period, this 
study was not considered to provide a suitable 
alternative to the RCT data. In the absence of a 
single study with which to populate a UK baseline 
event rate for RFCA, evidence from a wider range 
of case series and survey data were considered. 
The clinical effectiveness review identified a 
number of individual case series reporting the 
primary outcome at 12 months following RFCA. 
In addition, the review also identified a worldwide 
survey on the efficacy of RFCA, with data collected 
from 181 separate centres, including results at 12 
months’ follow-up.25 As it was possible that data 
from the individual case series may have been 
incorporated into the worldwide survey, the survey 
and case series data were treated as separate 
sources and were not combined.

Meta-analytic approaches were used to synthesise 
the RCT evidence and the non-RCT data. Separate 
analyses were undertaken using the RCT data 
alone and also combining the RCT evidence with 
the non-RCT data. In this manner, the alternative 
scenarios could be evaluated within the decision 
model, allowing separate analyses of the RCT 
evidence with or without the external evidence. A 
random baseline fixed-effect model was used as the 
basis for the meta-analysis for each scenario, with 
the inputs varying according to whether the RCT 
evidence only, or a combination of the RCT and 
case series or survey data, was used. The random-
effects baseline allows some exchangeability 

between the absolute effect and the relative 
treatment effect. By specifying a distribution on the 
study baselines, an overall common distribution 
across studies can be estimated. Thus, the estimate 
for the baseline is effectively being pooled by the 
weighting of each study. In doing so it incorporates 
both the within-study variability and the between-
study heterogeneity in the baseline event rates. 
The model therefore provides an explicit analytical 
framework that combines the weight of evidence 
from the RCTs and the external evidence. The 
model was conducted using Markov chain Monte 
Carlo simulations implemented in specialist 
software (WinBUGS154). Full details of the statistical 
code are reported in Appendix 7.2. The simulated 
output (10,000 iterations) from WinBUGs was 
exported directly into Microsoft Excel to maintain 
correlation between the event rates estimated for 
the separate strategies.

The impacts of the different analyses on the cost-
effectiveness estimates were explored as part of a 
wider set of alternative assumptions considered 
in the sensitivity analysis section (see Base-case 
analysis). Sensitivity analysis was undertaken to 
explore the robustness of the results based on 
the RCT evidence alone (employed in the base-
case analysis) compared with the impact of using 
additional evidence from the case series and 
worldwide survey. Details of the alternative event 
rates applied in the different scenarios are reported 
in Appendix 7.5.

Side effects (AADs) and 
complications (RFCA)
All patients could experience some form of adverse 
effect related to the treatment received. For RFCA, 
patients were subject to procedural complications 
including operative death. The systematic review 
of the case series evidence outlined in Chapter 
3 indicated that the major complications most 
frequently reported were stroke, cardiac tamponade 
and PV stenosis. Furthermore, the international 
survey by Cappato et al.,25 covering procedures 
carried out over a 7-year period, revealed that 
the most significant complications included death 
(four out of 8745 procedures), cardiac tamponade 
(107 episodes out of 8745), stroke (20 out of 7154) 
and PV stenosis (53 requiring intervention out of 
7154). The results of the Cappato survey, which 
were comparable with the case series evidence, 
were used for the baseline RFCA complication and 
mortality rates.

Patients receiving AADs were at a risk for drug 
toxicity. This toxicity may represent an acute event 
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that is reversible under management or it may 
result in permanent withdrawal from treatment. 
The baseline risk of a toxic event and the need for 
discontinuation of AAD therapy was informed by 
Owens et al.155 Based on a review of 11 randomised 
trials of amiodarone therapy they estimated that 
10% of patients would discontinue therapy during 
the first year as a result of intolerable side effects 
and that 5% would discontinue in each subsequent 
year. These risks were applied to the reversion rates 
back to AF, where it was assumed that transitions 
to this state resulted in withdrawal from treatment. 
Upon withdrawing, patients face an additional 
risk of a pulmonary complication. This risk was 
also informed by Owens et al.,155 in which it was 
estimated that 15% of withdrawals would result 
in a pulmonary complication. Furthermore, this 
pulmonary toxicity would be irreversible in 25% of 
these patients, and 20% of this group would face 
a risk of dying from the toxicity.146 The remainder 
of patients with permanent irreversible pulmonary 
toxicity had an additional cost and QoL decrement 
applied for each year of their life.

Long-term reversion rates (normal 
sinus rhythm to atrial fibrillation)
Central to the long-term model are the subsequent 
event rates (and costs and QoL estimates) for 
patients who leave the short-term model free 
of arrhythmia (NSR) or not (AF) at 12 months. 
Clearly any additional benefit assigned to the NSR 
state relative to the AF state will be maintained in 
the long term only if patients continue to remain 
free of arrhythmia. The long term reversion rates 
back to AF after 12 months represent important 
parameters in the model. In the absence of data 
from the RCTs of RFCA beyond 12 months’ follow-
up, these estimates were obtained from other 
sources. The annual rate of revision for patients 
who receive RFCA was estimated from the large 
controlled study by Pappone et al.61 with a median 
follow-up of 900 days. Kaplan–Meier survival 
curves enabled estimates of the percentage of 
patients remaining free of AF recurrence over a 
period of 1080 days. After adjusting for censoring, 
31 events out of 479 were observed over a follow-
up of 720 days after the first year of treatment. 
This equates to a mean risk of AF recurrence of 
3.35% per annum. A beta distribution was used to 
characterise the uncertainty in the mean estimate.

The annual reversion rate for patients receiving 
AADs was estimated from a multicentre trial156 
examining the long-term efficacy of amiodarone 
in preventing recurrent AF. Over a mean follow-up 
of 485 days, 35% of patients receiving amiodarone 

experienced recurrence of AF. This rate was 
converted to an annual probability to give a 
29% risk of recurrent AF in years 2 and above. 
Uncertainty in the mean estimate was characterised 
by a beta distribution.

Once patients in either strategy reverted back 
to the AF state it was assumed that subsequent 
transitions in the model would be identical for 
both groups. For the AAD strategy, patients were 
assumed to be withdrawn from AAD treatment 
at this point. For the RFCA strategy, the model 
did not allow for repeat ablation procedures after 
the first 12 months. Transitions back to the NSR 
state were not allowed in the model although it 
should be recognised that, because of the episodic 
nature of AF, subsequent risks (i.e. the risk of 
stroke in the AF state) are derived from sources 
in which patients are likely to have been in and 
out of episodes for periods of time. The use of 
concomitant medications, in particular the use 
of oral anticoagulants/antiplatelets, was assumed 
to be continued on reversion back to AF in both 
strategies.

Stroke
The baseline risk of stroke in AF was based on the 
CHADS2 index.157 The CHADS2 stroke risk score 
combines the stroke risk classification schemes of 
the Stroke Prevention in Atrial Fibrillation (SPAF) 
trial investigators158 and the AF investigators,159 
and has been validated in the National Registry 
of Atrial Fibrillation cohort. A numerical CHADS2 
score is given to each of five risk factors (recent 
congestive heart failure, hypertension, age, 
diabetes mellitus, history of stroke or transient 
ischaemic attack) and the total score (≤ 6) equates 
to a stroke risk for AF patients. A risk stratification 
algorithm proposed by NICE stratifies subjects into 
low-, moderate- and high-risk categories, and this 
scheme has been shown to be broadly similar to the 
CHADS2 scoring system.160

In addition to estimating the risk of stroke in AF, 
consideration was also given to whether this risk 
was different according to NSR/AF. No direct 
evidence was available in the RCTs to quantify 
the differential stroke risk for NSR based on a 
risk stratification scheme. A separate search of 
the literature was therefore undertaken to identify 
additional evidence related to the prognostic value 
of NSR in patients with AF. The search identified 
one study, based on the AFFIRM study, that 
examined the occurrence and characteristics of 
stroke events in the investigation of sinus rhythm 
management and provided an estimate of the 
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hazard of stroke for AF relative to NSR. Using 
a Cox proportional hazards regression analysis, 
the presence of AF was found to be significantly 
associated with a 60% increase in the risk of stroke 
after adjusting for several covariates including 
the use of warfarin therapy. The reciprocal of the 
hazard ratio of 1.60 for AF provided an estimate of 
the stroke risk reduction for NSR. Thus, the stroke 
risk for NSR was lower than the risk for AF but 
remained higher than the general population.

To reduce thromboembolism in AF, most patients, 
regardless of treatment strategy, receive some form 
of anticoagulants or antiplatelets. The Euro Heart 
Survey on Atrial Fibrillation161 analysed current 
antithrombotic drug prescriptions. These data were 
used to estimate the proportion of patients likely 
to receive warfarin, aspirin or no anticoagulants in 
the UK. The corresponding stroke risk reduction 
for NSR and AF with the use of anticoagulants was 
derived from a systematic review and meta-analysis 
of stroke prevention with warfarin and aspirin in 
patients with AF.160 This study found that warfarin 
significantly reduced the risk of stroke compared 
with aspirin [RR 0.59 (95% CI 0.40–0.86)] or 
placebo [RR 0.33 (95% CI 0.24–0.45)]. These 
adjustments for the use of anticoagulants were 
applied to the stroke risk for NSR and AF derived 
from the CHADS2 index.

Mortality from stroke
The mortality risk from stroke was assumed to 
be higher in the first year of the event than in 
subsequent years. Therefore, once patients survive 
the first year of a stroke they enter a post-stroke 
state in which the risk of death is lower. The 
mortality rates were derived from a UK-based 
community stroke project,162 which examined the 
long-term prognosis after acute stroke. In the first 
year the relative risk of dying compared with the 
general population was 7.4 (95% CI 6.5–8.5). In 
subsequent years this relative risk was reduced to 
2.3 (95% CI 2.0–2.7). To incorporate uncertainty 
in the estimates of the relative risk, a log-normal 
distribution was used.

Other-cause mortality
The model separates deaths into those caused by 
stroke, drug toxicity and other-cause mortality. 
The baseline risks for stroke and toxicity were 
informed by the observational cohort study and 
toxicity data respectively. The age-dependent risk 
of other-cause mortality was based on standard UK 
age- and sex-specific mortality rates.163 These were 
adjusted to exclude those deaths recorded with 
an ICD (International Classification of Diseases) 

code pertaining to stroke. The treatments were 
assumed not to infer a differential mortality effect, 
except through their reduction in the risk of stroke 
through NSR or AF. A sensitivity analysis was used 
to explore an additional mortality risk in patients 
with AF compared with the general population.

Resource use and unit costs
Resource utilisation and cost data were based on 
the short-term and long-term events associated 
with each strategy. The main short-term costs 
associated with RFCA relate to the procedure cost 
itself, the need for repeat procedures and the 
management of any complications. For AADs, the 
short-term costs comprise the drug acquisition 
and administration costs of amiodarone including 
the management of side effects. In the longer 
term there are the ongoing costs associated with 
the use of amiodarone and, in addition to the 
ongoing management costs of all patients (other 
medications, routine consultations, attendance at 
anticoagulant clinics), there are also the longer-
term costs associated with the Markov states 
themselves. The costs were derived from a variety 
of sources for differing years and so all costs were 
uprated to a common year of 2006.

The procedure costs for RFCA have been the 
subject of considerable debate. Under the current 
payment by results (PbR) system trusts receive 
payment according to a national schedule of 
fees. Particular procedures and interventions 
are categorised into particular groups (Health 
Resource Groups – HRGs) according to similar 
resource implications. Under the current HRG 
classification (HRG v3.5), all ablation procedures 
are classified within a single code and hence receive 
the same level of reimbursement (E38 – £2511 
at 2005 prices). Consequently, simple and more 
complex procedures are not differentiated within 
the current system. Concern has been expressed 
that current HRG costs are likely to significantly 
underestimate the costs of the more complex 
ablation procedures undertaken in patients with AF. 
This concern appears to have been acknowledged 
within the recent update to the HRG system (HRG 
4), which lists four separate HRGs for ablation 
procedures, with separate codes for complex 
procedures and for those involving catheterisation 
or percutaneous coronary intervention; however, 
the reimbursement fee for each of these separate 
codes has not yet been finalised:

Root HRG (EA27), final HRG (EA27Z): cardiac •	
procedures – standard electrophysiology (EP) 
or ablation
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EA28, EA28Z: cardiac procedures – standard •	
EP or ablation with catheterisation or 
percutaneous coronary intervention
EA29, EA29Z: cardiac procedures – complex •	
ablation (includes atrial fibrillation or 
ventricular tachycardia)
EA30, EA30Z: cardiac procedures – complex •	
ablation (includes atrial fibrillation or 
ventricular tachycardia) with catheterisation or 
percutaneous coronary intervention.

In the absence of suitable reference cost estimates 
for the NHS, the costs of catheter ablation 
were based on estimates provided by Dr Adam 
Fitzpatrick (Consultant Cardiologist, Manchester 
Heart Centre, 2007, personal communication). 
The total cost of RFCA consisted of three main 
components, consumables and laboratory and 
ward costs, and was estimated to be £7848 per 
procedure, significantly higher than current tariffs. 
Allowing for overheads and assuming that some 
patients may receive a repeat or ‘top-up’ procedure 
(assuming a mean number of procedures of 1.3025), 
this resulted in an overall mean cost of RFCA 
applied in the short-term model of approximately 
£11,538.

In addition to the procedural costs, the costs 
of procedural-related complications were also 
considered, namely cardiac tamponade and PV 
stenosis. Estimates for these were derived from 
the reference costs schedules.164 The cost of 
complications relating to stroke was assumed to be 
included in the annual cost associated with the first 
year of stroke applied in the Markov process (see 
below).

Amiodarone was assumed to be initiated in an 
outpatient setting for all patients. The dosage of 
amiodarone was assumed to be 200 mg taken daily, 
which resulted in an annual cost of £32 incurred 
for each year that the patient continues to receive 
the drug. All patients, regardless of the strategy, 
were assumed to receive anticoagulants and/or 
aspirin. A 5-mg daily dose of warfarin costs £19 
per annum, and a 75-mg daily dose of aspirin costs 
£20. Additional costs were also applied for the use 
of amiodarone and anticoagulants in relation to the 
management of adverse events such as toxicity and 
bleeding. The total cost of managing a toxic event 
with amiodarone was estimated to be £1497.165 In 
addition, a specific cost associated with pulmonary 
complications was applied. A daily cost of £0.43, 
based on 50 mg of a high-dose corticosteroid, was 
applied for the duration of the toxicity (short term 
for reversible and lifetime for irreversible). All 

drug costs were obtained from the British National 
Formulary.166 The cost of a major and minor bleed 
was £1573 and £87 respectively.167

In addition to the intervention costs and other 
related costs (including other forms of medical 
management), the annual costs of the main health 
states in the Markov model were also estimated 
based on published literature. The annual costs 
associated with the two underlying AF health 
states, namely NSR and AF, were estimated from 
a recent study examining the cost of AF in the 
UK.17 The study estimates the costs of community 
and hospital-based care related to AF, including 
general practitioner consultations, anticoagulation 
visits and hospital costs. An annual amount of 
£646 was estimated for these costs. Additional 
costs of hospital admissions when stroke was listed 
as the principal diagnosis were excluded to avoid 
double counting this particular component. In the 
absence of cost data that discriminated between 
the NSR and AF states, we applied a conservative 
assumption towards RFCA by applying the 
same annual costs to both of these states for the 
remaining lifetime of the patients. The impact 
of applying differential costs was explored using 
sensitivity analysis. In the sensitivity analysis a 
lower cost was applied to the NSR state (£331) by 
excluding the costs of hospital admission related 
to a principal diagnosis of AF. That is, we assumed 
that patients would only be hospitalised in the AF 
state itself. The annual cost associated with stroke 
was derived from a separate source.168 A higher cost 
was applied for the first year of the event to reflect 
the additional management costs and resources 
used when the event first occurs. The cost of stroke 
in year 1 was estimated as £9431 (standard error 
£315) and the yearly cost of patients who survive 
1 year event free was estimated as £2488 (standard 
error £303). The uncertainty in the cost of stroke 
was reflected by assigning a gamma distribution to 
the annual costs.

Quality of life
To estimate QALYs it is necessary to quality adjust 
the period of time that the average patient is alive 
within the model using an appropriate utility or 
preference score. Ideally, utility data are required 
that quantify the potential health status of patients 
with AF and which can also be used to quantify 
the impact of the different treatment regimens 
(RFCA and AADs) in terms of QoL, i.e. adverse 
events and/or palliative benefits. In the absence of 
suitable utility values identified in the clinical and 
cost-effectiveness reviews, we conducted a separate 
review of other potential sources that could be 
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used to inform this part of the economic analysis. 
Full details of the search strategy are reported in 
Appendix 1. The review of this evidence is reported 
in detail in Appendix 7.4 and is summarised below.

The review focused on three specific aspects related 
to QoL associated with AF:

 Studies evaluating the QoL of patients with AF 1. 
(regardless of the intervention).

 Studies evaluating the impact of RFCA on the 2. 
QoL of patients with AF.

 Studies evaluating the impact of NSR on the 3. 
QoL of patients with AF.

The review focused on studies reporting utility data 
in relation to these aspects. However, given the lack 
of published utility data in relation to the second 
and third areas, consideration was also given to 
studies reporting other generic measures of health 
that could potentially be converted into a utility 
score for the model. The review focused on studies 
reporting results using the SF-36 instrument.169 
An algorithm was applied to map between 
studies reporting summary scores using the SF-36 
instrument and a utility instrument (the EuroQol 
EQ-5D).170 This algorithm provided an approach 
to estimating utility values associated with changes 
in the domains of SF-36 reported following RFCA 
or AADs. These were used to estimate incremental 
changes in utility over a 12-month period for the 
main states of the model (i.e. for patients free 
of arrhythmia following RFCA or AADs and for 
patients experiencing a recurrent episode).

The main review of studies reporting the QoL of 
patients with AF (regardless of the intervention) 
was used to identify relevant sources of baseline 
utility estimates to apply these utility changes. 
However, despite the large number of studies that 
were considered, no single source was identified 
that could provide a suitable reference value 
to which to apply the utility changes. Typically, 
previous studies had assigned a value of 1 (i.e. 
equivalent to full health) to patients with AF and 
then applied particular decrements reflecting 
specific events (e.g. side effects, bleeding events, 
etc.). However, assuming a value of 1 does not 
reflect the fact that the overall health of the general 
population (i.e. those without AF) will be lower 
than this and also that the underlying health status 
of the general population naturally deteriorates 
over time. To encapsulate this in the model, the 
underlying utility of the general population, 
derived from a nationally representative UK 
sample using EQ-5D, was used as a reference 

point.171 We assumed that patients restored to 
NSR following catheter ablation (estimated to be 
associated with the largest improvement in utility) 
would revert back to having the same QoL as the 
general population. For the other main health 
states specific decrements were then estimated (i.e. 
AF following RFCA and NSR/AF following AADs) 
relative to the utility value estimated for patients 
restored to NSR following catheter ablation. These 
decrements were then applied to the general 
population utility values assumed to represent the 
QoL in the NSR state for RFCA.

In addition to estimating utility values for the 
NSR and AF states in the model, utility values 
were also estimated for the other states or events 
in the model. Utility values for stroke were based 
on previous work undertaken in this area.168 In 
addition, utility decrements were also estimated 
for irreversible pulmonary toxicity (ascribing a 
decrement reported for chronic bronchitis172). 
Finally, a utility decrement was also applied for 
other general side effects and for major and minor 
bleeding events. No relevant utility estimates were 
found for these events and hence we assumed that 
each event would incur loss equivalent to a full day 
of health for the duration of these events (mean 1 
day, range 0–30 days).155

Base-case analysis

The model results are presented according to a 
particular set of assumptions employed as part of 
the base-case analysis. The impact of employing 
alternative assumptions to those proposed in the 
base-case analysis is then explored using sensitivity 
analysis. The base-case assumes an average starting 
age in the model of 52 years and that 80% of 
subjects are male.66 Heterogeneity in patients 
is explored by undertaking separate analyses 
according to different baseline risks of stroke 
(according to the CHADS2 score). CHADS2 scores 
between 0 and 3 are considered in the base-case 
analysis.

Within the base-case approach, separate analyses 
have been undertaken assuming that QoL 
improvements with RFCA compared with AADs 
are either (1) maintained for a lifetime (lifetime 
analysis) or (2) are maintained for a maximum 
of 5 years (5-year analysis). Both the lifetime and 
5-year analyses model cost-effectiveness over a 
patient’s lifetime (a maximum of 60 annual cycles 
are modelled), but the approaches differ in the 
duration for which the QoL benefits for RFCA are 
maintained. The results for each of the different 
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scenarios considered in the sensitivity analysis are 
presented for both the lifetime and 5-year analyses. 
A 5-year horizon was chosen in consultation with 
our clinical advisors based on the lack of long-term 
evidence for QoL following RFCA.

The base-case analysis derives estimates of the 
primary outcome (freedom from arrhythmia at 12 
months) from the RCT evidence alone. Hence, 
estimates of the absolute event rate with RFCA 
and the relative effect compared with AADs are 
informed entirely from the trial evidence. The 
impact of incorporating additional observational 
evidence for RFCA from the Cappato et al. survey25 
and the individual case series is investigated in the 
sensitivity analysis.

Sensitivity analysis

The sensitivity analysis is undertaken to assess 
the robustness of the base-case model results to 
variation in (1) the sources of data used to populate 
the model and (2) alternative assumptions related 
to key parameters in the model. A number of 
alternative scenarios are considered as part of the 
sensitivity analysis (Table 26). For each element 
the position in the base-case analysis is outlined 
alongside the alternative assumption applied. Each 
of the different scenarios explored as part of the 
sensitivity analysis is then undertaken assuming a 
CHADS2 score of 1, considered to provide the most 
representative risk for this patient group.

Cost-effectiveness results

The results of the model are presented in two 
ways. First, the mean lifetime costs and QALYs of 
the two strategies are presented and their cost-
effectiveness compared, estimating ICERs where 
appropriate.173 The ICER compares the additional 
costs that one strategy incurs over another 
with the additional benefits and represents the 
additional cost required to achieve one additional 
unit of outcome (QALY). To provide a reference 
point, NICE uses a threshold cost per QALY of 
around £20,000–30,000 to determine whether an 
intervention represents good value for money in 
the NHS.150 Consequently, if the ICER for RFCA is 
less than £20,000 then RFCA should be considered 
potentially cost-effective. ICERs within the range 
itself (i.e. between £20,000 and £30,000) are 
considered borderline and an ICER above £30,000 
is not typically considered cost-effective.

Second, the results of the probabilistic analysis 
using Monte Carlo simulation are then used to 
calculate the combined impact of the model’s 

various uncertainties on the overall uncertainty 
surrounding the cost-effectiveness results 
themselves. To present the uncertainty in the 
cost-effectiveness of the alternative strategies, 
cost-effectiveness acceptability curves (CEACs) 
are used.174 The CEAC shows the probability that 
RFCA is cost-effective using alternative values for 
the threshold cost per QALY (tabulated results are 
presented for each analysis for select values of the 
threshold between £10,000 and £40,000).

Results of the base-case analysis
Table 27 reports the base-case results according to 
the baseline risk of stroke, modelled using different 
CHADS2 scores. The results of the lifetime analysis 
show that the ICER for RFCA is well below the 
conventional thresholds used to determine whether 
a particular treatment is considered cost-effective. 
As expected, the mean costs (QALYs) for each 
strategy increase (decrease) as the baseline risk of 
stroke increases according to the CHADS2 score. 
However, there appears to be little variation across 
the different CHADS2 scores in terms of the ICER 
itself (ranging from £7763 to £7910 per additional 
QALY). At a threshold of £20,000 per QALY there 
is very little uncertainty surrounding the cost-
effectiveness results. The probability that RFCA is 
cost-effective at this threshold varies from 0.981 to 
0.992 across the separate risk groups.

As the threshold cost per QALY increases, the 
probability that RFCA is cost-effective also 
increases. The relationship between the threshold 
ICER and the probability that RFCA is cost-
effective is shown more clearly in the CEAC in 
Figure 12, based on a CHADS2 score of 1. The 
figure demonstrates how the probability that RFCA 
is cost-effective increases markedly as the threshold 
ICER increases (reaching close to 1 around a 
threshold of £20,000).

The results of the 5-year analysis of the base-case 
model are reported in Table 28. These results show 
that the ICER for RFCA is within the range of 
conventional thresholds used to identify whether 
a particular treatment is considered to be cost-
effective in the NHS. As such, the cost-effectiveness 
of RFCA appears to be more finely balanced. In 
comparison to the lifetime analysis, there appears 
to be more variation in the ICER across the 
different CHADS2 scores. The cost-effectiveness 
of RFCA appears more favourable the higher 
the CHADS2 risk of stroke, with an associated 
ICER of £27,745 and £20,831 per additional 
QALY in patients with a CHADS2 score of 0 and 3 
respectively.
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TABLE 27 Base-case estimates of mean lifetime costs and quality-adjusted life-years according to baseline risk of stroke (lifetime 
analysis)

Probability cost-effective for maximum WTP

Treatment Cost QALY ICER £10,000 £20,000 £30,000 £40,000

CHADS2 = 0

RFCA £25,240 12.37 £7763 0.700 0.983 0.996 0.999

AADs £14,415 10.98 0.300 0.017 0.004 0.001

CHADS2 = 1

RFCA £26,027 12.14 £7780 0.717 0.981 0.996 0.998

AADs £15,367 10.77 0.283 0.019 0.004 0.002

CHADS2 = 2

RFCA £26,987 11.87 £7765 0.728 0.986 0.999 1.000

AADs £16,517 10.52 0.272 0.014 0.001 0.000

CHADS2 = 3

RFCA £28,343 11.49 £7910 0.706 0.992 1.000 1.000

AADs £18,107 10.19 0.294 0.008 0.000 0.000

ICER, incremental cost-effectiveness ratio; QALY, quality-adjusted life-year; WTP, willingness to pay.
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FIGURE 12 Cost-effectiveness acceptability curve for a CHADS2 score of 1, lifetime analysis.
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TABLE 28 Base-case estimates of mean lifetime costs and quality-adjusted life-years according to baseline risk of stroke (5-year 
analysis)

Probability cost-effective for maximum WTP

Treatment Cost QALY ICER £10,000 £20,000 £30,000 £40,000

CHADS2 = 0

RFCA £25,251 11.35 £27,745 0.000 0.091 0.577 0.854

AADs £14,429 10.96 1.000 0.909 0.423 0.146

CHADS2 = 1

RFCA £26,016 11.18 £25,510 0.000 0.165 0.686 0.902

AADs £15,352 10.76 1.000 0.835 0.314 0.098

CHADS2 = 2

RFCA £26,972 10.97 £23,202 0.000 0.265 0.786 0.942

AADs £16,499 10.52 1.000 0.735 0.214 0.058

CHADS2 = 3

RFCA £28,366 10.67 £20,831 0.000 0.418 0.881 0.968

AADs £18,133 10.18 1.000 0.582 0.119 0.032

ICER, incremental cost-effectiveness ratio; QALY, quality-adjusted life-year; WTP, willingness to pay.

The more marked variation in the ICER (and the 
consistent direction of these changes) across the 
risk subgroups is not unexpected in the 5-year 
analysis. In this scenario the ICER after 5 years 
in the model is affected only by the prognostic 
impact of NSR on reducing the risk of stroke. 
Hence, as the absolute risk of stroke increases, the 
incremental benefit potentially associated with 
reducing the risk of stroke through NSR becomes 
greater (assuming the same relative risk reduction 
associated with NSR holds across the different risk 
groups). Consequently, the ICER becomes more 
favourable as the baseline risk of stroke increases.

The relationship between the ICER and the risk 
subgroups is less obvious in the lifetime analysis as 
there are competing factors at play, each working 
in opposite directions. Although the impact of 
NSR on reducing the risk of stroke applies equally 
to both the 5-year and lifetime analyses (and will 
improve the ICER for higher risk groups), these 
additional gains attributed to the higher risk 
groups are partially or wholly offset by the higher 
overall life expectancy achieved in the lower risk 
groups. As patients in the lifetime analysis are 
assumed to benefit from the QoL improvements 
associated with RFCA for a lifetime, this will 
improve the cost-effectiveness in the risk groups 
with the lowest mortality risk. Given that the mean 

life expectancy across all subgroups is markedly 
higher than 5 years, differences in the ICER 
attributed to QoL improvements through a higher 
overall life expectancy offset the lower incremental 
gains achieved through the reduction in the risk of 
stroke.

Each risk subgroup in the 5-year analysis has a 
mean ICER of more than £20,000. Hence, at a 
threshold ICER of £20,000 per QALY there is 
clearly a much lower probability that RFCA is cost-
effective in the 5-year analysis than in the lifetime 
analysis (between 0.09 and 0.4, i.e. equivalent to a 
percentage probability of between 9% and 40%). As 
the threshold ICER increases, the probability that 
RFCA is considered cost-effective rises accordingly. 
At a threshold ICER of £30,000 (or £40,000) per 
QALY, the probability that RFCA is cost-effective 
varies from 0.58 to 0.89 (or from 0.85 to 0.97). 
The relationship between the threshold ICER and 
the probability that RFCA is cost-effective is shown 
in more detail in Figure 13. The figure shows a 
much greater uncertainty surrounding the cost-
effectiveness of RFCA in the 5-year analysis than 
in the lifetime analysis. However, as the threshold 
increases, the probability that RFCA is cost-effective 
still approaches 1 (although at a much higher value 
of the ICER than previously illustrated for the 
lifetime analysis).
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The cost-effectiveness results for RFCA appear 
to be highly sensitive to the duration assigned to 
the QoL benefits that are assumed to be achieved 
with RFCA. Although the lifetime analysis suggests 
that RFCA is likely to be considered highly cost-
effective based on conventional thresholds used to 
establish value for money by the NHS, the results 
from the 5-year analysis are less clear-cut. The 
ICERs presented for each of the subgroups still fall 
within the range of acceptable thresholds; however, 
it should also be recognised that other factors 
(aside from the ICER itself) may be considered 
in cases of interventions with a cost-effectiveness 
ratio above the lower bound of the threshold itself. 
Although by no means comprehensive, these 
factors may include the strength of evidence (i.e. 
the uncertainty surrounding the point estimates 
themselves), the size of the affected population, 
equity considerations, and whether a suitable 
comparator exists.175

Results of the sensitivity analysis
Given the paucity of long-term evidence on the 
maintenance of the QoL benefits with RFCA, each 
of the scenarios explored as part of the sensitivity 
analysis is reported using both the lifetime and 
the 5-year analyses. Given the number of potential 
scenarios considered, the sensitivity analyses have 
only been undertaken on the subgroup of patients 
with a baseline risk of stroke equivalent to a 

CHADS2 score of 1. This group has been chosen to 
be the most representative of the stroke risk faced 
by patients with AF. For this subgroup, the ICERs 
of £7780 per additional QALY (lifetime analysis) 
and £25,510 per additional QALY (5-year analysis) 
provide the benchmarks for assessing whether the 
cost-effectiveness results appear robust to particular 
assumptions made in the base-case analysis.

Table 29 details the results of each of the alternative 
scenarios considered within the sensitivity analysis. 
This table reports the ICER and the probability 
that RFCA is cost-effective at a threshold ICER 
of £30,000 per additional QALY. More detailed 
tables summarising the mean costs, QALYs and the 
probability that RFCA is cost-effective at alternative 
threshold ICERs for each of the separate scenarios 
are given in Appendix 7.5.

The sensitivity analysis on the sources of evidence 
used to estimate both the absolute success rate of 
RFCA (freedom from arrhythmia at 12 months) 
and the relative treatment effect compared with 
AADs appears to have little effect on the cost-
effectiveness of RFCA. Combining the trial 
evidence with the observational evidence for RFCA 
from the Cappato et al. study25 or the individual 
case series data resulted in a marginal increase in 
the ICER; however, the results of both the lifetime 
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FIGURE 13 Cost-effectiveness acceptability curve for a CHADS2 score of 1, 5-year analysis.
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and 5-year analyses appeared remarkably robust to 
the evidence used for these parameters.

In the base-case analysis results were presented 
for two alternative scenarios related to the 
maintenance of QoL benefits associated 
with RFCA: (1) an assumption that the QoL 
improvements would be maintained for a lifetime 
(although the QoL of patients who received RFCA 
was still allowed to alter as patients progressed 
over time to the AF state) and (2) an assumption 
that the QoL benefits relative to AAD therapy 
would be realised for a maximum of 5 years only. 
Given the marked difference between these results, 
additional scenarios were explored between these 
two assumptions by varying the duration from 
10 to 20 years that the QoL advantage conferred 
by RFCA would be achieved. The ICER for 
RFCA ranged from £9492 to £14,771, well under 
conventional threshold values considered to be 
cost-effective. Indeed, at a threshold of £30,000 
per QALY, the probability that RFCA appears cost-
effective exceeded 0.973 across these alternative 
time horizons.

In the base-case analysis we assumed that patients 
faced an elevated risk of mortality compared with 
the general population through a higher risk of 
stroke (modelled via the particular CHADS2 risk 
score). Although the specific additional mortality 
risks associated with the interventions themselves 
were considered (i.e. the operative mortality rate 
associated with RFCA and the potentially fatal 
toxicities associated with AADs), the remaining 
risk of mortality was assumed to be the same as for 
the general population. However, if this patient 
group also faces an elevated risk of other causes 
of mortality (i.e. non-stroke) compared with the 
general population, the base-case analysis may 
overestimate overall life expectancy. This could 
introduce a possible source of bias in favour of 
RFCA as the base-case analysis may overestimate 
the number of years that patients could achieve 
the QoL improvements associated with RFCA. A 
sensitivity analysis was therefore undertaken by 
adjusting the all-cause mortality rate compared 
with the general population (adjusted for the 
risk of stroke mortality using cause-elimination 
approaches to UK life tables). A range of risks 
was considered between 1.5 and 2.5 times higher 
than the risk for the general population.176,177 As 
anticipated, the application of a higher mortality 
rate resulted in an increase in the ICER for RFCA 
compared with the base-case analysis. However, 
even assuming that the risk of all-cause mortality 
(excluding stroke) was 2.5 times that in the general 

population did not result in either the lifetime 
or 5-year analyses exceeding the upper bound of 
the £20,000–30,000 threshold. It should also be 
noted that this particular sensitivity analysis did 
not allow for the potential prognostic value of NSR 
in reducing the risks associated with non-stroke 
mortality. Although the prognostic value of NSR 
remains highly uncertain, if achieving NSR could 
reduce the risk of other events (and in doing so 
reduce the risk of other causes of mortality), the 
results presented here could be considered highly 
conservative towards RFCA. Indeed, these benefits 
(if real) could potentially more than offset the 
potential bias that could have been introduced by 
overestimating life expectancy and hence could 
result in lower ICERs than considered in any of the 
scenarios considered here.

Clearly the prognostic value of NSR itself in 
reducing the risk of stroke (or any other event) 
remains a highly contentious issue. Much of the 
evidence appears contradictory and to date there 
exists no firm evidence on which to base this 
assumption. Indeed, the approach applied in the 
base-case analysis is based on a number of indirect 
links between separate sources:

 The probability of stroke for patients with AF is 1. 
based on CHADS2 scores.

 This probability is then adjusted by (a) 2. 
accounting for the proportion of patients 
receiving different anticoagulant strategies 
(based on the recent Euro Heart Survey on 
Atrial Fibrillation reporting patients receiving 
aspirin, warfarin, both or neither) and (b) 
adjusting the CHADS2 scores based on the 
treatment effect of the different anticoagulant 
strategies (relative risks obtained from a recent 
meta-analysis). This allows the risk of stroke to 
be recalculated based on current anticoagulant 
use.

 Regression results from the AFFIRM study, 3. 
which reports on the impact of NSR versus AF 
on stroke, are used to estimate the relative risk 
reduction (RR approximately 0.6) associated 
with NSR.

 The impact of stroke on mortality compared 4. 
with that in the general population is estimated 
using data from the Oxfordshire Community 
Stroke Project. The costs and QoL impact of 
non-fatal strokes are also considered.

To examine the robustness of the results to the 
prognostic value of NSR we undertook a sensitivity 
analysis which assumed that the risks of stroke 
from the NSR and AF states were the same. That is, 
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we assumed that the risks of stroke were identical 
for both treatments and therefore the subsequent 
cost-effectiveness results are based entirely on 
the symptomatic benefit of RFCA compared with 
AAD, realised through improvements in QoL. 
This assumption had a greater impact on the 
cost-effectiveness results for the 5-year analysis 
than on the results for the lifetime analysis. In 
the lifetime analysis the ICER increased to £9237 
per additional QALY (compared with £7780 in 
the base-case analysis), still well under the current 
threshold for cost-effectiveness. However, the 
ICER for the 5-year analysis increased to £37,997 
per QALY, clearly above current thresholds of 
cost-effectiveness. Indeed, at the maximum 
threshold considered to be cost-effective (£30,000 
per additional QALY) the probability that RFCA 
is cost-effective was only 0.204 (compared with 
0.686 in the base-case 5-year analysis). As such, the 
overall conclusions regarding the cost-effectiveness 
of RFCA appear to require that the QoL benefits 
are maintained for more than 5 years and/or 
that NSR has prognostic value in preventing the 
risk of stroke. If neither of these is considered to 
be realistic then the cost-effectiveness of RFCA 
remains highly uncertain.

The base-case analysis applied separate utility 
estimates to patients in the NSR and AF health 
states according to whether patients received 
RFCA or AADs. Separate assumptions were then 
applied according to the duration that these 
benefits were maintained (5 years or a lifetime). 
The utility values applied assumed that the QoL 
following catheter ablation would be higher for 
patients in both the NSR and AF states than in 
the same states following AADs [i.e. QoL for 
NSR(RFCA) > AF(RFCA) > NSR(AADs) > AF(AADs)]. 
However, it should be recognised that the utility 
values assigned to the NSR and AF states for 
RFCA and AADs were derived from separate 
studies. Hence, the different utility values may not 
be directly comparable and the differences may 
not simply be due to the impact of the different 
health states following successful treatment (or not) 
with RFCA or AADs but may also be due to other 
characteristics of the patients within the separate 
studies that cannot be adequately controlled for 
in our analysis. Although the approach of using 
incremental, as opposed to the absolute, values 
for estimating the utility values of the different 
states is likely to minimise the impact of combining 
estimates from separate studies, sensitivity analyses 
were undertaken to explore this issue in more 
detail.

Three alternative scenarios were considered to 
examine the robustness of the base-case estimates 
for QoL. These scenarios explored the impact of 
the following assumptions:

 QoL of AF and NSR states for RFCA and 1. 
AADs, respectively, assumed to be equivalent  
[i.e. QoL of NSR(RFCA) > AF(RFCA) =  
NSR(AADs) > AF(AADs)]

 QoL of NSR state for AADs assumed to be 2. 
higher than that of AF state for RFCA  
[i.e. QoL NSR(RFCA) > NSR(AADs) >  
AF(RFCA) > AF(AADs)].

 Separate QoL assigned to NSR and AF states 3. 
but assumed to be the same for RFCA and 
AADs  
[i.e. QoL of NSR(RFCA) =  
NSR(AADs) > AF(RFCA) = AF(AADs)].

In scenario 1, assuming that the QoL of the AF 
and NSR states were equivalent for both RFCA 
and AADs had only a minor impact on the overall 
cost-effectiveness results for both the lifetime and 
5-year analyses. Similarly, in scenario 2, assuming 
that the QoL of the NSR states for both RFCA and 
AADs was higher than the QoL of the AF states for 
both treatments did not qualitatively impact on the 
results. Scenario 3 had the greatest impact on the 
cost-effectiveness results for RFCA. Although the 
ICER for RFCA in the lifetime analysis increased 
to £12,840 per additional QALY (compared 
with £7780 in the base-case analysis), the ICER 
remained under the conventional threshold of cost-
effectiveness. However, the ICER for the 5-year 
analysis increased to £32,524 per additional QALY, 
which is above conventional threshold values. 
Hence, the results of the 5-year analysis were 
more sensitive to alternative assumptions related 
to the impact of the alternative treatments on the 
QoL estimates following successful treatment or 
not. Consequently, the cost-effectiveness of RFCA 
requires that the QoL benefits are maintained 
for  more than 5 years and/or that RFCA confers 
additional QoL benefits to patients following 
a successful treatment compared with patients 
receiving AADs.

The results of the base-case analysis were based on 
the average patient characteristics from a recent 
UK study (average age 52 years, approximately 
80% of the sample male). Clearly the cost-
effectiveness results may also vary according 
to different patient characteristics (e.g. males 
versus females, alternative ages). Heterogeneity 
in patients’ characteristics was explored using 
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a series of separate scenarios. In the absence of 
reliable evidence related to a possible interaction 
between the relative treatment effect of the 
different interventions and these characteristics 
(and alternative assumptions pertaining to the 
QoL and prognostic benefits associated with 
RFCA), these scenarios were explored by varying 
the general population mortality rate according 
to the particular age and sex characteristics 
considered. Using this approach, cost-effectiveness 
estimates in these scenarios are affected solely 
by the life expectancy of the different subgroups 
(ceteris paribus, subgroups with a higher life 
expectancy should be more cost-effective as they 
potentially stand to gain for longer from any QoL 
improvements associated with RFCA in the lifetime 
analysis). As expected, the results demonstrated 
that cost-effectiveness was marginally improved 
in subgroups with the highest life expectancy 
(females, age 50 years, etc.). However, differences 
between the subgroups were relatively minor and 
the ICER for RFCA remained below £30,000 per 
additional QALY across each of the subgroups for 
both the lifetime and 5-year analyses.

Applying an alternative discount rate of 6% for 
costs and 1.5% for outcomes (compared with 3.5% 
for both in the base-case analysis) improved the 
cost-effectiveness in both the 5-year and lifetime 
analyses. The results from the 5-year analysis 
improved the ICER to £21,452 per additional 
QALY. In addition, the probability that RFCA is 
cost-effective at £30,000 per QALY increased from 
0.686 in the base-case 5-year analysis to 0.858 for 
the 5-year analysis when the alternative discount 
rates were applied.

The base-case analysis assumed that amiodarone 
would be administered in an outpatient setting for 
all patients. Clearly some controversy exists as to 
the risks and benefits of initiating therapy in an 
outpatient setting versus an inpatient setting. As a 
sensitivity analysis we assumed that a proportion of 
patients would be initiated in an inpatient setting 
(43%, cost £3360) as opposed to an outpatient 
setting (57%, cost £154).165 As this results in higher 
costs associated with the AAD strategy, the resulting 
ICERs for RFCA were more favourable (£6822 
and £22,155 in the lifetime and 5-year analyses 
respectively).

In the base-case analysis the same costs were 
assigned to the NSR and AF states. That is, 
long-term cost differences between the RFCA 
and AAD strategies were assumed to vary only 
according to the subsequent risks of stroke from 

the separate health states (and the costs associated 
with any adverse events). This was assumed to 
be a conservative assumption towards RFCA as a 
higher proportion of patients achieve NSR with 
the RFCA strategy. A less conservative assumption 
would be that patients in the NSR state (i.e. 
patients who have not experienced a recurrent 
AF episode) are likely to be less costly as the 
subsequent management of these patients may be 
less intensive than that of patients experiencing 
recurrent episodes. The costs assigned to the NSR 
and AF states in the base-case analysis comprised 
the routine costs associated with the long-term 
monitoring and management of patients with 
AF but also included an element of secondary 
care utilisation due to hospitalisations, etc. As 
part of the sensitivity analysis we assumed that 
only patients in the AF state would incur these 
additional secondary care elements, thus resulting 
in lower costs for the NSR state (£331 versus £646 
per annum).17 Applying differential costs to the AF 
and NSR states resulted in significant improvement 
in the ICER estimates for RFCA. This was most 
evident in the 5-year analysis, in which the 
resulting ICER was £19,673 per QALY (below the 
£20,000–30,000 threshold) and the associated 
probability that RFCA is cost-effective at a 
threshold of £30,000 increased to 0.899 (compared 
with 0.686 in the base-case analysis).

In the base-case analysis there was a marked 
difference between the long-term transition 
probabilities applied in relation to the long-term 
risk of recurrent AF in patients who were free of 
AF at 12 months for RFCA and AADs. The base-
case estimates assumed an annual probability 
of approximately 3.3% for RFCA and 28.8% for 
AADs. A number of additional scenarios were 
therefore explored to estimate the robustness 
of the results to increasing the long-term risk 
following RFCA (to between 5% and 15% per 
annum). Assuming an annual probability of 5% 
per annum resulted in only marginal changes to 
the ICER for RFCA. At an annual probability of 
10%, the ICER in both the lifetime and 5-year 
analyses still remained just below the upper bound 
of the conventional threshold. However, when 
the probability was increased to 15%, the ICER 
increased to £8703 per QALY (lifetime analysis) 
and £32,035 per QALY (5-year analysis), with the 
latter result above the threshold range considered 
to be cost-effective.

As a final sensitivity analysis a series of scenarios 
were considered by increasing/decreasing the 
costs of the RFCA procedure itself. These were 
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undertaken by varying the cost of consumables 
(£5687 per procedure). Clearly if the costs are 
lower than those applied in the base-case analysis 
then the results will appear conservative to RFCA. 
Reducing the costs by £500 improved the cost-
effectiveness in both the lifetime and 5-year 
analyses (ICER £7213 and £23,638 per QALY 
respectively). However, even if the costs of RFCA 
were increased by an additional £1000, the results 
of the 5-year analysis were still within the threshold 
range considered to be potentially cost-effective.

Summary of cost-
effectiveness results

The results of the base-case analysis clearly 
demonstrate that the long-term maintenance of 
the QoL benefits of RFCA appear central to the 
cost-effectiveness estimates. If these are maintained 
over the remaining lifetime of the patient then the 
cost-effectiveness of RFCA appears clear, with the 
resulting ICERs well below conventional thresholds 
across a range of different baseline risks (defined 
according to CHADS2 risk scores). These findings 
were also robust to a wide range of alternative 
assumptions. However, if the assumption of 
lifetime benefits is considered unrealistic then 
the question of how long these benefits are likely 
to be maintained becomes a key consideration. 
The results of the 5-year analysis suggest that the 
cost-effectiveness of RFCA is not clear-cut with 
an ICER of £25,510 falling just below the upper 
bound of conventional thresholds. Any shorter 
duration of QoL benefits would result in an ICER 
above acceptable thresholds (e.g. 4-year QoL 
duration results in an ICER of £30,102; 3-year 
duration, ICER of £37,385; 2-year duration, ICER 
of £49,355). The overall cost-effectiveness of RFCA 
for a shorter duration of benefits is likely to be 
determined by a number of factors. These include: 
(1) whether there are additional prognostic benefits 
associated with NSR (i.e. via a reduction in the 
long-term risk of stroke); (2) the magnitude of the 
QoL difference between RFCA and AADs; and (3) 
the long-term reduction in the risk of recurrent 
AF following RFCA. Clearly the importance of 
these other factors will decline the longer any QoL 
advantage associated with RFCA is maintained 
beyond 5 years.

Value of information analysis
Methods
This section explores the implications of the 
uncertainty associated with the cost-effectiveness 

of RFCA by undertaking value of information 
(VOI) analysis. This analysis produces an upper 
limit on the value of future research that could be 
undertaken to reduce the uncertainty associated 
with a decision to adopt RFCA routinely in the 
NHS. VOI analysis provides a formal quantitative 
approach to establishing whether further primary 
research is indicated and can also provide an 
indication of areas in which research would be most 
worthwhile. The results of the VOI analysis can 
therefore be used to prioritise future research in 
relation to this decision and to identify particular 
areas in which this appears most valuable.178,179

Assuming that the objectives of the NHS are 
consistent with maximising health gains from 
available NHS resources, adoption/implementation 
decisions should be based on the expected value 
of the ICER (i.e. the mean ICER) associated with 
the intervention.180 The ICER indicates whether a 
particular intervention is cost-effective depending 
upon the threshold/maximum willingness to 
pay for an additional QALY. However, decisions 
based on expected values will be uncertain, and 
there will always be a chance that the wrong 
decision will be made. If the wrong decision 
is made there will be costs in terms of health 
benefits and resources forgone. Therefore, the 
expected cost of uncertainty can be determined 
jointly by the probability that a decision based 
on existing information will be incorrect and the 
consequences of a wrong decision. Uncertainty 
in the model results has been represented using 
cost-effectiveness acceptability curves. These 
demonstrate that at particular threshold values 
of the ICER there exists significant uncertainty 
surrounding the cost-effectiveness of RFCA. 
Although this uncertainty is considered irrelevant 
to the adoption/implementation decision with 
respect to RFCA, it has significant implications for 
the value of conducting further research to support 
this decision.180

The expected costs of decision uncertainty can 
also be interpreted as the expected value of perfect 
information (EVPI) as perfect information would 
eliminate the possibility of making the wrong 
decision. Furthermore, the EVPI also represents the 
maximum amount that a decision-maker should 
be willing to pay for additional evidence to inform 
this decision in the future. EVPI is used to provide 
an upper bound on the value of additional research 
to that provided by the model. This valuation 
can then be used as a necessary requirement for 
determining the potential efficiency of further 
primary research. Applying this decision rule, 
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additional research should only be considered if 
the EVPI exceeds the expected cost of the research. 
In addition to providing a global estimate of the 
total cost of uncertainty related to all inputs in the 
model, EVPI can also be estimated for individual 
parameters (and groups of parameters) contained 
in the model. The objective of this analysis (termed 
partial EVPI) is to identify the model parameters 
for which it would be most worthwhile obtaining 
more precise estimates.

The use of Monte Carlo simulation allows the 
expected costs of uncertainty associated with the 
initial adoption decision to be expressed as the 
proportion of iterations that result in an adoption 
decision other than that arising from maximising 
expected cost-effectiveness. The benefits forgone 
are simply the difference in the costs and outcomes 
(net benefit) between the optimal strategy for 
a given iteration and the strategy identified as 
optimal in the adoption decision (i.e. based on 
the expected cost-effectiveness estimates). The 
expectation of benefits forgone over all iterations 
represents the EVPI per individual.

Clearly, as information can be of value to more 
than one individual, EVPI can also be expressed for 
the total population who stand to benefit over the 
expected lifetime of the programme/technology. If 
the EVPI for the population of current and future 
patients exceeds the expected costs of additional 
research then it is potentially cost-effective to 
conduct further research. The overall VOI for 
a population is determined by applying the 
individual EVPI estimate to the number of people 
who would be affected by the information over the 
anticipated lifetime of the technology:

EVPI*
( )

I

r
t

t
t

T

11 +=
∑

where I is the incidence in the period, t is the 
period, T is the total number of periods for which 
information from research would be useful and r is 
the discount rate.

As our analysis focuses on the results of one 
particular subgroup (patients with a CHADS2 
score of 1) we have not attempted to aggregate the 
individual per patient EVPI results to a population 
level. However, to put the results into context we 
have scaled these up to provide results per 1000 
patients per annum who could be affected by the 
decision. This provides a clearer basis to assist 
decision-makers in applying these results to the 
potential sizes of their own populations of interest.

Results
Total expected value of 
perfect information
The individual total per patient EVPI is illustrated 
in Figure 14. Separate estimates are provided for 
the lifetime analysis and the 5-year analysis. The 
figure clearly shows that the EVPI estimates are 
closely related to the threshold cost-effectiveness 
ratio and the associated probability that RFCA 
is cost-effective. When the threshold for cost-
effectiveness is low (e.g. less than £5000 per 
QALY), RFCA is not considered to be cost-effective 
under any scenario and the associated probability 
that RFCA is cost-effective is also low (and hence 
there is minimal decision uncertainty that a 
policy of AAD treatment appears optimal). Given 
the low uncertainty surrounding this decision, 
additional information is unlikely to change this 
decision and hence the estimates of EVPI are 
low. Similarly, when the threshold is considerably 
higher (e.g. above £50,000 per QALY), RFCA is 
expected to be cost-effective in both scenarios and 
again this decision is less likely to be changed by 
further research (and hence EVPI falls). The total 
EVPI reaches a maximum when the threshold for 
cost-effectiveness is equal to the expected ICER 
of RFCA. In other words, the EVPI reaches a 
maximum when the decision is most uncertain 
whether to adopt or reject RFCA based on existing 
evidence (£7780 and £25,510 per QALY for the 
lifetime and 5-year analyses respectively).

Table 30 provides a summary of the total EVPI 
estimates for a select number of threshold values. 
The results indicate a considerable range in 
the individual (and population) EVPI estimates 
depending on the threshold WTP value and the 
assumption concerning the maintenance of QoL 
benefits. For example, assuming a threshold of 
£30,000 per QALY, the population EVPI (per 1000 
patients eligible per annum) ranges from £17,288 
to £5,465,967 across the two scenarios.

Partial expected value of 
perfect information
Although estimates of the total EVPI provide 
a useful global estimate of the uncertainty 
surrounding the adoption decision, this estimate 
does not provide an indication of where further 
research would be of most value. The value of 
reducing the uncertainty surrounding particular 
input parameters in the decision model can be 
established by estimating partial EVPI. This type 
of analysis can be used to focus further research 
by identifying those inputs for which more precise 
estimates would be most valuable. The analysis of 
the VOI associated with each of the model inputs 



Health Technology Assessment 2008; Vol. 12: No. 34

© Queen’s Printer and Controller of HMSO 2008. All rights reserved.

75

Value of the threshold ratio (£000) 

In
di

vi
du

al
 p

at
ie

nt
 E

VP
I (

£)
 

0 10 20 30 40 50 60 
0 

600 

200 

400 

800 

1000 

1200 

1400 

Lifetime analysis 
5-year analysis 

FIGURE 14 Value of information analysis (lifetime and 5-year analyses).

TABLE 30 Individual and population total expected value of perfect information estimates

Base-case scenario £10,000 £20,000 £30,000 £40,000

Individual patient EVPI for maximum WTP

Lifetime analysis £638.43 £22.52 £2.02 £0.46

5-Year analysis £0.10 £242.06 £635.01 £159.26

Population EVPI for maximum WTP

Lifetime analysis £5,495,405 £193,845 £17,388 £3960

5-Year analysis £861 £2,083,577 £5,465,967 £1,370,860

EVPI, expected value of perfect information; WTP, willingness to pay.
a Assuming information valuable for 10 years (estimates for an annual incidence of 1000 patients).

can be conducted in a very similar way to the 
analysis of the EVPI for the decision as a whole 
in cases in which a linear relationship between 
the inputs and the expected costs and outcomes 
exists. However, when the relationship is non-
linear, partial EVPI estimates require substantial 
additional computation. Because of the complexity 
of the model presented here, a linear relationship 
has been assumed for ease of exposition and the 
partial EVPI results are presented for a single 
subgroup. Although estimates are only presented 
for one subgroup (CHADS2 score of 1), the relative 

ordering of importance is likely to be similar across 
alternative subgroups/scenarios.

Table 31 provides the partial EVPI estimates for 
a series of different parameter groups at select 
values of the threshold ICER. In both the lifetime 
and 5-year scenarios, the EVPI associated with 
the QoL estimates for patients with and without 
recurrent AF following treatment with either RFCA 
or AADs is extremely high and appears to account 
for the majority of uncertainty surrounding the 
model. Other parameters that appear to have a 
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more moderate influence on the overall decision 
uncertainty include the prognostic benefit 
associated with NSR (and its impact on reducing 
the probability of stroke) and the success rates 
at 12 months for RFCA and the relative effect 
compared with treatment with AADs over this 
period. The estimates of partial EVPI for these 
parameters are illustrated graphically in Figures 15 
and 16, based on a wider range of threshold values. 
Only those parameters with a sufficient value to 
illustrate graphically are included. Interestingly, 
consideration of a wider set of threshold values 
indicates that, in the 5-year analysis, the long-
term reversion rates (i.e. the probability of 
having recurrent AF) following RFCA appear to 
demonstrate some value, which was previously not 
apparent in the select values considered.

Summary of value of 
information results

The results from the model indicate that there 
is significant variation in both the ICER and the 
uncertainty surrounding the decision over a range 
of key threshold values across the two scenarios. 

This uncertainty results in a significant cost of 
uncertainty reflected in the high EVPI estimates 
at particular threshold values. The population 
EVPI estimates suggest that further research in 
this area is likely to be of significant value. The 
EVPI for individual parameters highlighted 
that potential future research would be of most 
value directed towards obtaining more precise 
estimates of the QoL of patients following RFCA 
and AAD treatment (and, in particular, the QoL 
of patients following successful treatment or 
not). The different scenarios considered reveal 
marked variations in the EVPI estimates based on 
alternative assumptions (lifetime and 5 years). As 
these have been considered as separate scenarios, 
partial EVPI estimates for the assumption 
related to the duration of any benefit cannot be 
quantified. However, it should be recognised that 
this assumption resulted in marked differences 
in estimates of both cost-effectiveness and VOI. 
Hence, it is likely that further research on how long 
these QoL benefits are maintained is likely to be 
important (recognising that follow-up of at least 5 
years is likely to be key).
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Statement of 
principal findings
Clinical evaluation
As stated in the decision problem (see Chapter 
2), the aim of catheter ablation is to achieve NSR. 
Importantly, catheter ablation offers the potential 
to eliminate the arrhythmia completely, without the 
need for ongoing antiarrhythmic therapy, although 
this cannot always be achieved. In contrast, 
AADs used to achieve sinus rhythm can only 
work if they continue to be taken. Furthermore, 
the maintenance of NSR with drugs is not a 
realistic expectation.70 The other option for the 
management of arrhythmia, rate control, although 
alleviating symptoms, cannot offer a return to NSR 
and therefore cannot offer the potential beneficial 
prognostic effects of NSR.

RFCA for atrial fibrillation
There is a substantial amount of case series data 
to suggest that RFCA is an efficacious intervention 
for the treatment of AF. The rates of freedom from 
arrhythmia at follow-up vary widely, but in most 
series the majority of patients are free of AF at 12 
months.

There is a small amount of moderate-quality 
randomised evidence to suggest that PV ablation 
is more effective than long-term AAD treatment 
in patients with drug-refractory paroxysmal AF. 
Evidence from one small RCT suggests that RFCA 
may also be more effective than AADs as first-
line treatment in patients with paroxysmal AF. 
Intention to treat meta-analysis suggests that RFCA 
is 36–76% more effective than AAD treatment in 
terms of freedom from arrhythmia at 12 months; 
analysis by actual treatment received suggests 
a larger two- to threefold improvement on this 
outcome for patients treated with RFCA.

There is insufficient evidence to assess the 
effectiveness of RFCA in patients with persistent or 
permanent AF.

Some limited RCT evidence indicates that RFCA is 
associated with improvements in self-rated physical 
and/or general health from baseline in AF patients.

Where reported, there is a small risk of serious 
complications associated with RFCA (e.g. cardiac 
tamponade, PV stenosis). However, the risk of such 
complications needs to be balanced against that 
of potential adverse events associated with long-
term use of certain antiarrhythmic agents (e.g. 
thyroid dysfunction associated with amiodarone). 
The currently available evidence does not show 
a significant relationship between RFCA and 
mortality, although existing trials have not been 
powered to assess this outcome.

RFCA for typical atrial flutter
Data from uncontrolled case series suggest that 
RFCA is an efficacious intervention for the 
treatment of typical atrial flutter, with the majority 
of patients in most series being free from flutter 
at follow-up. There is a very small amount of 
moderate-quality randomised evidence which 
suggests that a significantly higher proportion of 
patients who undergo RFCA than those receiving 
AAD-based therapy are free from atrial flutter 
during follow-up in the medium term.

Case series suggest that a significant proportion 
of patients develop new-onset AF following flutter 
ablation although the randomised evidence does 
not suggest that this occurs any more frequently in 
ablated patients than in patients receiving other 
treatments.

In the infrequent instances in which it has been 
reported, RFCA was associated with a general 
increase in self-reported health scores from 
baseline in patients with atrial flutter.

Where reported, complications associated with 
RFCA of atrial flutter were rare. The currently 
available evidence does not show a significant 
relationship between RFCA and mortality.

Economic evaluation

The decision model evaluates a strategy of RFCA 
(without long-term AAD use) compared with long-
term AAD treatment alone (amiodarone) in adults 
with paroxysmal AF.

Chapter 5  

Discussion
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The base-case analysis clearly demonstrates that, 
if the QoL benefits of RFCA are maintained over 
the remaining lifetime of the patient, the cost-
effectiveness of RFCA appears clear, with the 
resulting ICERs well below conventional thresholds 
across a range of different baseline stroke risks. 
These findings were also robust to a wide range of 
alternative assumptions.

If the QoL benefits of RFCA are assumed to be 
maintained for no more than 5 years, the overall 
cost-effectiveness of RFCA is dependent on a 
number of factors. These include: (1) whether there 
are additional prognostic benefits associated with 
NSR (i.e. via a reduction in the long-term risk of 
stroke); (2) the magnitude of the QoL difference 
between RFCA and AADs; and (3) the long-term 
reduction in the risk of recurrent AF following 
RFCA. Clearly, the importance of these other 
factors will decline the longer any QoL advantage 
associated with RFCA is maintained beyond 5 
years.

Strengths and limitations 
of the assessment

We have conducted a rigorous review of the 
research literature on the effects of RFCA for the 
curative treatment of AF and typical atrial flutter, 
capturing the most recent evidence relating to 
RFCA. This is a relatively new technology (PV 
isolation for AF was first described in 19986) 
and one that continues to evolve rapidly. This is 
reflected in the evidence base, which is dominated 
by uncontrolled evidence, with randomised 
evidence only recently beginning to emerge. An 
earlier systematic review of RFCA in AF28 had been 
conducted, but the search period covered by that 
review meant that it included only the earliest, 
and now mostly obsolete, case series relating to AF 
ablation.

The other major source of data summarising 
the risks and benefits of RFCA (for AF) is 
the worldwide survey conducted by Cappato 
et al.25 However, as this survey had only a 
23% response rate, the findings have a clear 
potential for bias, most likely in favour of 
RFCA (i.e. by overestimating success rates and/
or underestimating complications). Our review 
included both controlled studies and case series to 
build on this previous work.

Our review has found that success rates and 
complications varied widely between case series, 

but on average these were generally consistent 
with the findings of Cappato et al. However, this 
could be due to the review of case series operating 
under similar biases to the survey, i.e. publication 
bias may mean that only centres with better 
success rates or fewer complications published 
their findings. In addition, a disproportionately 
large number of series come from a small group 
of highly experienced ‘pioneering’ centres, 
who are likely to have better outcomes than less 
experienced centres. Further to this, although we 
attempted to avoid double counting of patients 
across series, potential overlap between some 
reports could not be entirely discounted, which 
might have compounded any overestimates.

It is likely that variation in success rates between 
studies could be attributable to differences in 
ablation techniques and technologies. Restricting 
inclusion to a limited subset of RFCA techniques 
might have reduced some of this between-study 
heterogeneity. However, any evaluation of RFCA 
(for AF in particular) is likely to incorporate a 
number of variations because of changes in the 
technology over time, including ablation patterns, 
mapping techniques, catheter tips, etc. It was not 
the aim of this review to establish the most effective 
variation on the RFCA approach but to determine 
its effectiveness relative to alternative treatment 
options. Therefore, we treated RCTs comparing 
variations in ablation techniques (circumferential 
versus segmental) and technologies (catheters, 
mapping techniques, etc.) as case series, and 
focused on the relatively few comparisons of RFCA 
against alternative treatment modalities.

Given the potential limitation of existing cost-
effectiveness evidence in providing a basis for 
informing policy decisions regarding the use of 
RFCA in the NHS, a new decision model was 
developed to explore these issues in more detail. 
The model evaluated the cost-effectiveness of 
RFCA compared with long-term AADs for patients 
with predominantly paroxysmal AF. The model 
considered the short-term and long-term costs 
and outcomes of the alternative strategies from 
an NHS perspective. The study also examined 
the generalisability of the clinical data to NHS 
practice. The model focused on quantifying the 
potential QoL gains that may be achieved using 
RFCA through symptomatic improvements and 
also through any reduction in the longer-term risk 
associated with major clinical events (e.g. stroke).

Although the cost-effectiveness model addressed a 
number of the key limitations of existing studies, 
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the model also has several potential limitations 
that need to be considered in conjunction with the 
main results. First, it should be recognised that 
the QoL estimates applied in the model remain 
highly uncertain. Although there have been a large 
number of studies reporting on the QoL of patients 
following catheter ablation, their direct application 
within a cost-effectiveness analysis poses several 
problems. To date, no single study has attempted 
to quantify the impact of RFCA using a generic 
utility measure such as the EQ-5D. This represents 
a major limitation when trying to establish the cost-
effectiveness of an intervention, as the use of these 
measures provides a clearer basis for establishing 
value for money in the NHS. This is a particularly 
important consideration for the use of RFCA. 
The routine use of RFCA in the NHS is likely 
to generate significant additional upfront costs 
compared with current management strategies. 
In a resource-constrained system such as the NHS 
this will inevitably mean that other interventions 
(potentially in different patient populations 
altogether) will have to be displaced to fund the use 
of RFCA. Consequently, it is important to establish 
that the additional value provided by RFCA to the 
NHS will more than offset any benefits lost through 
resource displacement. The absence of reliable 
data using a generic utility instrument represents 
a major omission from the existing evidence base 
for RFCA. In the absence of this data, alternative 
approaches were used to attempt to map between 
the QoL measures that have been used (SF-36) and 
a utility-based measure (EQ-5D). The process of 
mapping between these different instruments itself 
introduces a source of uncertainty, and it should 
be recognised that the approach employed in the 
model is far from ideal. However, in the absence of 
more reliable data the current estimates represent 
the best data that were available to us. Clearly it 
is possible that the current estimates may over- 
or underestimate the QoL gains associated with 
RFCA. However, a number of separate scenarios 
demonstrated that the overall results remained 
fairly robust to the different estimates applied in 
the sensitivity analysis, suggesting that the duration 
of any benefits is likely to be the key determinant of 
cost-effectiveness. This highlights another potential 
limitation of the model. Evidence for longer-
term benefits of RFCA (i.e. for periods potentially 
beyond 5 years) is lacking and hence extrapolating 
the potential benefits reported over shorter time 
horizons becomes increasingly uncertain. The 
model results clearly demonstrate that the cost-
effectiveness estimates are extremely sensitive to 
the duration over which these benefits are likely to 
be maintained.

It should be noted that the decision model only 
considers the cost-effectiveness of RFCA in patients 
with predominantly paroxysmal AF. Because of the 
limitations of existing RCT evidence in relation to 
patients with persistent AF and those with atrial 
flutter, separate cost-effectiveness analyses were 
not undertaken. Consequently, the generalisability 
of these findings to a broader range of patients 
should be undertaken with caution. Clearly, as 
new evidence emerges, the current model can be 
adapted to consider these other populations using 
more robust evidence than exists at present.

Uncertainties

Despite our systematic review of the available 
research evidence a number of uncertainties 
remain. It is uncertain how generalisable to the 
UK context the findings of our clinical evaluation 
are. There are very few UK-based data represented 
in the research literature. We found a single UK 
case series, on RFCA for AF.66 Even though UK-
based, it is unclear how representative this study 
is; it reported only for a predominantly chronic AF 
population without any structural heart disease.

The available trials and case series did not 
provide useful information on the efficacy of 
RFCA in important subgroups of AF patients. The 
majority of AF patients who undergo RFCA in the 
published literature are those with paroxysmal AF. 
The limited evidence from case series suggests 
that, in general, recurrence is more common in 
patients with chronic forms of AF than in those 
with paroxysmal AF. Evidence from controlled 
studies is even less clear. Within-trial results were 
not presented separately for these subgroups and 
only one RCT (Oral et al.56) has been conducted 
solely in patients with persistent AF and this found 
a benefit associated with adding RFCA to a short-
term amiodarone/cardioversion treatment strategy. 
Similarly, our review has been unable to investigate 
the impact of concomitant structural heart disease 
and mean duration of arrhythmia on the relative 
effectiveness of RFCA.

One important aspect in determining the clinical 
and cost-effectiveness of RFCA is the need for 
repeat procedures to achieve or maintain sinus 
rhythm. Such repeat procedures have clear 
implications for costs and patients’ QoL, but 
there has been little focus on this issue in the 
published research literature. This represents 
a very important uncertainty relating to the 
effectiveness of catheter ablation. It has been 
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recognised by experts in the field, who, in their 
consensus statement,70 indicated that future study 
reports should be explicit and trials should avoid 
reablation for at least 3 months post procedure 
so that the success of a single procedure can be 
determined.

Typically, RFCA has been considered a treatment 
option for patients in whom pharmacological 
therapy has failed, and most of the evidence for 
the effectiveness of RFCA is in this population. In 
addition, current NICE guidelines4 recommend 
that this is one of the patient groups (along 
with those with lone AF or an underlying 
electrophysiological disorder) appropriate for 
specialist referral. However, confidence in RFCA 
has grown in recent years and certain centres have 
offered the procedure as first-line therapy. We 
included one small RCT60 that gave RFCA as first-
line treatment, and the effect of RFCA compared 
with long-term AAD therapy did not differ 
substantially from that seen in the RCTs conducted 
in patients refractory to drug treatment. However, 
it is likely that further evidence of effectiveness and 
safety in this population will be necessary before 
RFCA can be considered first-line therapy on a 
general basis.

Another uncertainty relates to the primary 
outcome upon which our assessment has been 
based. The primary outcome in this review was 
freedom from arrhythmia at 12 months, which is 
the outcome recommended in FDA guidelines 
for the evaluation of AF and the one used in most 
RCTs of RFCA for AF. However, this outcome 
ignores any benefit gained from a near elimination 
of symptoms or from a clinically significant 
reduction in arrhythmia episodes. It also ignores 
the success of a patient previously refractory to 
AAD therapy who can now be controlled on AAD. 
The RCTs included in the meta-analysis in this 
review measured freedom from arrhythmia without 
AADs in patients undergoing RFCA at follow-
up. However, the extent to which AADs are used 
post RFCA varies between centres and between 
publications. A recent RCT found that continuing 
AAD therapy in patients who underwent RFCA 
for AF did not lower the rate of AF recurrences.181 
The impact of maintaining or discontinuing 
post-ablation anticoagulation has also yet to be 
established, although this was outside the scope of 
the current review. This issue is also raised in the 
2007 expert consensus statement, which considered 
one outstanding question to be the identification 
of patient subgroups in whom warfarin could be 
discontinued.70

Freedom from arrhythmia at 12 months also 
ignores longer-term data. Given the results of 
the economic model, together with the clinical 
importance, it is very important to be confident 
that the benefits of RFCA are long lasting. 
Unfortunately, to date the evidence is rather 
limited, particularly regarding the longer-term 
risks of patients reverting back to AF having been 
free of arrhythmia for 12 months and the degree 
to which this risk differs between patients treated 
with RFCA or long-term AADs. One large non-
randomised study,61 which followed patients for a 
median of 900 days, suggested that the effects of 
RFCA observed at 12 months remain fairly stable 
at 2–3 years post procedure. The small number 
of case series following patients for up to 2 years 
suggested a similar pattern, but there is insufficient 
evidence to determine what happens to RFCA-
treated AF and typical atrial flutter patients beyond 
this period. A recently started large-scale RCT 
of RFCA in AF (the CABANA trial) is planned to 
follow up 3000 patients for 5 years69,70 and will go 
some way towards reducing this uncertainty.

Another hugely important uncertainty relates 
to the potential impact of RFCA on long-term 
prognosis for stroke or cardiovascular outcomes 
and mortality. The future findings of the CABANA 
trial should also go some way to addressing this 
question.

The cost-effectiveness model revealed a number of 
other uncertainties surrounding some of the key 
inputs, which led to important uncertainties in the 
overall estimates of cost-effectiveness. The analysis 
suggests that future research appears most valuable 
directed toward obtaining more precise estimates of 
QoL following RFCA and AAD treatment (and, in 
particular, the QoL of patients following successful 
treatment or not) and the overall duration that 
these benefits are maintained in the long term.

It should also be recognised that the procedural 
cost of RFCA itself remains highly uncertain. 
Current HRG estimates do not appear to 
adequately reflect the resources required for 
complex ablation procedures for AF. In the 
absence of suitable HRG estimates our costs were 
based on a reasonable approximation of the real 
resource costs associated with these procedures. 
The subsequent estimates appear markedly higher 
than the existing HRG-based estimates. Further 
work is therefore required (and is ongoing as part 
of the revision to the current HRG coding system) 
to more accurately reflect the costs of the ablation 
procedure. Despite these concerns, the estimates 
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applied are considered more appropriate than the 
existing HRG costs. In addition, sensitivity analysis 
revealed that the cost-effectiveness results remained 
robust to higher costs than the estimates applied in 
the base-case analysis. Clearly, if the true costs of 
RFCA are lower than the estimates applied, then 
the cost-effectiveness advantage of RFCA is even 
greater.

Assessment of factors 
relevant to the NHS 
and other parties
AF in particular is common and so any increase in 
the availability of RFCA would have considerable 
implications for the NHS. At present there is a 
lack of capacity within the NHS for an expansion 
in demand for a highly complex and time-
consuming procedure. Any expansion would be a 
long-term process and would require investment 
in training for both cardiac electrophysiologists 

and support staff, as well as in infrastructure. Even 
with such an expansion there will be considerable 
difficulties, particularly in the short term, of 
ensuring equal access to care. There will also be 
some practical difficulties if some procedural 
guidelines are incorporated (e.g. a requirement for 
transoesophageal echocardiography in all patients 
before the procedure and that patients should 
remain in hospital post procedure until warfarin 
levels are therapeutic).

The current HRG estimates do not appear to 
adequately reflect the resources required for 
complex ablation procedures for AF. Hence, 
current remuneration is unlikely to truly reflect 
the costs incurred by NHS providers. Further 
work is therefore required (and is ongoing as 
part of the revision to the current HRG coding 
system) to more accurately reflect the costs of the 
ablation procedure to ensure that providers receive 
appropriate remuneration.
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Implications for 
service provision

The published data suggest that RFCA is an •	
efficacious intervention for the treatment of AF 
and typical atrial flutter, with the majority of 
patients remaining free from arrhythmia at 12 
months post procedure.
There is a small amount of moderate-quality •	
randomised evidence to suggest that RFCA is 
more effective than long-term AAD treatment 
in patients with drug-refractory paroxysmal AF, 
with a two- to threefold increase in freedom 
from arrhythmia associated with RFCA.
There is a very small amount of moderate-•	
quality randomised evidence which suggests 
that a significantly higher proportion of 
patients who undergo RFCA for typical atrial 
flutter than those receiving AAD-based therapy 
are free from atrial flutter during follow-up in 
the medium term.
Where reported, complications associated with •	
RFCA for either AF or atrial flutter were rare. 
The currently available evidence does not show 
a significant relationship between RFCA and 
mortality, although existing trials have not 
been powered to assess this outcome.
Assuming that the QoL benefits of RFCA •	
for paroxysmal AF are maintained over the 
remaining lifetime of the patient, the cost-
effectiveness of RFCA appears clear, with 
the resulting ICERs well below conventional 
thresholds across a range of different baseline 
stroke risks and robust to a wide range of 
alternative assumptions. If QoL benefits of 
RFCA are assumed to be maintained for only 
5 years, the cost-effectiveness is likely to be 
influenced by several other assumptions.

Suggested research priorities

Research is required to address the following 
uncertainties detailed in our report:

generalisability of findings to UK practice•	
efficacy in persistent AF•	
efficacy in atrial flutter•	
efficacy in subgroups such as patients with •	
structural heart disease, long-standing AF, etc.

duration of beneficial effects – in terms of •	
arrhythmias and symptoms/QoL
impact on mortality•	
difference between symptoms/QoL after RFCA •	
or AAD
effect of NSR on stroke prognosis.•	

The CABANA trial69,70 should, when completed, 
provide data to address at least some of these 
issues in AF, i.e. cardiovascular death, occurrence 
of disabling stroke, serious bleeding, cardiac arrest 
and QoL data. It will hopefully also provide some 
insight into the relative effects of RFCA and AAD 
treatment strategies in key subgroups of patients 
(i.e. those with concomitant heart disease or long-
standing AF).

The question of the applicability of research 
findings to UK practice warrants the collection 
of UK data. Therefore, we would suggest that a 
prospective UK registry of such catheter ablation 
procedures is needed. Cardiac ablation is one 
of the domains covered by the existing national 
Central Cardiac Audit Database (CCAD), but 
additional measures may be required to ensure 
input from all UK centres. A further set of 
standards for data collection in this area has been 
published by the ACC/AHA.182 Such a registry 
would provide basic information on the number of 
procedures conducted per centre and per operator 
and ablation techniques and mapping technologies 
used, as well as the indications for the procedure 
for each centre and how these compare against 
existing guidance. In addition, it would also be 
of enormous value in establishing the long-term 
benefits of RFCA and the true incidence and 
impact of any rare and/or late complications.

Several key areas of uncertainty were identified 
by the economic evaluation, including whether 
there are additional prognostic benefits associated 
with NSR via a reduction in the long-term risk 
of stroke, and what is the long-term reduction in 
the risk of recurrent AF following RFCA. Both 
of these areas of uncertainty could be addressed 
with appropriately collected registry data. In 
addition, the long-term QoL achieved following 
RFCA relative to that achieved with AAD needs 
to be established. Collection of QoL data within 
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the proposed registry could partially inform any 
evaluation of the magnitude of the QoL difference 
following RFCA and AAD treatment.

Alternatively, any future RCT comparing RFCA 
with AAD therapy for the treatment of AF or typical 
atrial flutter should:

follow standards for studies on the evaluation •	
of catheter ablation as outlined in recent expert 
consensus recommendations (e.g. employ 
a 3-month ‘blanking period’, delineate the 
extent of cardiac and non-cardiac disease, use 
appropriate monitoring methods to detect 
recurrence during follow-up, etc.)70

be conducted among a group of ‘non-•	
pioneering’ centres, using the techniques and 
equipment typically employed in UK practice
include patients with both paroxysmal and •	
persistent forms of AF when appropriate
collect QoL and symptom scores•	
consider the impact of including newly •	
diagnosed patients – current NICE guidelines 

suggest that RFCA is only appropriate for most 
AF patients once they have failed AAD therapy; 
however, RFCA has already been evaluated as 
first-line therapy in one RCT,60 and there is 
likely to be further interest in this area.

The current lack of high-quality published evidence 
would appear to justify undertaking a multicentre 
RCT evaluating the effects of catheter ablation for 
typical atrial flutter, similar to that described above. 
However, among electrophysiologists, confidence 
that this procedure is effective is high and there 
may be ethical objections to the randomisation of 
patients on this basis.

The impact of withdrawing anticoagulation after 
successful treatment with RFCA in selected groups 
of patients was beyond the scope of this review. 
If there is insufficient evidence to review this 
question separately, relevant uncontrolled data 
could be derived from the proposed UK registry 
and/or incorporated into the design of any future 
multicentre RCT, if adequately powered.
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Databases searched
Guidelines databases
BMJ Clinical Evidence. URL: www.clinicalevidence.
com/ceweb/index.jsp

Cardiovascular Diseases Specialist Library. URL: 
www.library.nhs.uk/cardiovascular/

Health Evidence Bulletin Wales. URL: http://hebw.
cf.ac.uk/

HSTAT. URL: www.ncbi.nlm.nih.gov/books/
bv.fcgi?rid=hstat

National Guidelines Clearing House. URL: www.
guideline.gov/

NICE. URL: www.nice.org.uk/

NLH Guidelines Finder. URL: www.library.nhs.uk/
guidelinesFinder/

Scottish Intercollegiate Guidelines Network 
(SIGN). URL: www.sign.ac.uk/

TRIP. URL: www.tripdatabase.com/index.html

Databases of systematic reviews
Cochrane Database of Systematic Reviews (CDSR) 
(Cochrane Library). URL: www.library.nhs.uk/

Database of Abstracts of Reviews of Effects (DARE) 
(CRD Internal Database). URL: www.york.ac.uk/
inst/crd/crddatabases.htm#DARE

Health-/medical-related databases
BIOSIS (DIALOG). URL: http://library.dialog.com/

CENTRAL (Cochrane Central Register of 
Controlled Trials) (Cochrane Library). URL: www.
library.nhs.uk/

Cumulative Index to Nursing and Allied Health 
Literature (CINAHL) (OvidWeb). URL: http://
gateway.ovid.com/athens

EMBASE (OvidWeb). URL: http://gateway.ovid.
com/athens

Health Technology Assessment (HTA) Database 
(CRD Internal Database).

MEDLINE (OvidWeb). URL: http://gateway.ovid.
com/athens

MEDLINE In-Process and other non-indexed 
citations (OvidWeb). URL: http://gateway.ovid.com/
athens

Science Citation Index (SCI) (Web of Knowledge). 
URL: http://wos.mimas.ac.uk/

Economic databases
EconLit (WebSPIRS). URL: http//arc.uk.ovid.com/

Health Economics Evaluation Database (HEED) 
(CD-ROM).

IDEAS. URL: http://ideas.repec.org

NHS Economic Evaluation Database (NHS EED) 
(CRD Internal Database).

Databases of conference proceedings
ISI Proceedings: Science and Technology (Web of 
Knowledge). URL: http://wos.mimas.ac.uk/

Zetoc Conferences (MIMAS). URL: http://zetoc.
mimas.ac.uk/

Databases for ongoing and 
recently completed research
ClinicalTrials.gov. URL: www.clinicaltrials.gov

ESRC SocietyToday Database. URL: www.esrc.
ac.uk/ESRCInfoCentre/index.aspx

MetaRegister of Controlled Trials. URL: www.
controlled-trials.com/

National Research Register (NRR). URL: www.
update-software.com/national/

Research Findings Electronic Register (ReFeR). 
URL: www.info.doh.gov.uk/doh/refr_web.nsf/
Home?OpenForm

Appendix 1  

Literature search strategies



Appendix 1

102

Search strategies for studies on the 
clinical and cost-effectiveness of selected 
comparators to catheter ablation

To inform the clinical and cost-effectiveness aspects 
of the study additional searches were carried out 
for systematic reviews and economic evaluations 
of the comparators of catheter ablation. These 
searches were conducted in the following databases:

Systematic reviews
Databases of systematic reviews
Cochrane Database of Systematic Reviews (CDSR) 
(Cochrane Library). URL: www.library.nhs.uk/

Database of Abstracts of Reviews of Effects (DARE) 
(CRD Internal Database).

Health-/medical-related databases
Cumulative Index to Nursing and Allied Health 
Literature (CINAHL) (OvidWeb). URL: http://
gateway.ovid.com/athens

EMBASE (OvidWeb). URL: http://gateway.ovid.
com/athens

Health Technology Assessment (HTA) Database 
(CRD Internal Database).

MEDLINE (OvidWeb). URL: http://gateway.ovid.
com/athens

MEDLINE In-Process and other non-indexed 
citations (OvidWeb). URL: http://gateway.ovid.com/
athens

Economic evaluations
Economic databases
Health Economics Evaluation Database (HEED) 
(CD-ROM).

NHS Economic Evaluation Database (NHS EED) 
(CRD Internal Database).

Health-/medical-related databases
Cumulative Index to Nursing and Allied Health 
Literature (CINAHL) (OvidWeb). URL: http://
gateway.ovid.com/athens

EMBASE (OvidWeb). URL: http://gateway.ovid.
com/athens

MEDLINE (OvidWeb). URL: http://gateway.ovid.
com/athens

MEDLINE In-Process and other non-indexed 
citations (OvidWeb). URL: http://gateway.ovid.com/
athens

Additional search strategies 
for information to inform the 
decision-analytic model
To help inform the decision-analytic model specific 
searches were carried out for quality of life studies, 
prognosis studies and studies on the adverse effects 
of amiodarone.

Quality of life
Health-/medical-related databases
British Nursing Index (BNI) (OvidWeb). URL: 
http://gateway.ovid.com/athens

Cumulative Index to Nursing and Allied Health 
Literature (CINAHL) (OvidWeb). URL: http://
gateway.ovid.com/athens

EMBASE (OvidWeb). URL: http://gateway.ovid.
com/athens

Health Management Information Consortium 
(HMIC) (OvidWeb). URL: http://gateway.ovid.com/
athens

MEDLINE (OvidWeb). URL: http://gateway.ovid.
com/athens

MEDLINE In-Process and other non-indexed 
citations (OvidWeb). URL: http://gateway.ovid.com/
athens

PsycINFO (OvidWeb). URL: http://gateway.ovid.
com/athens

Prognosis
Health-/medical-related databases
Cumulative Index to Nursing and Allied Health 
Literature (CINAHL) (OvidWeb). URL: http://
gateway.ovid.com/athens

EMBASE (OvidWeb). URL: http://gateway.ovid.
com/athens

Health Management Information Consortium 
(HMIC) (OvidWeb). URL: http://gateway.ovid.com/
athens

MEDLINE (OvidWeb). URL: http://gateway.ovid.
com/athens
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MEDLINE In-Process and other non-indexed 
citations (OvidWeb). URL: http://gateway.ovid.com/
athens

Adverse effects of amiodarone
Tertiary sources
Aronson JK, editor. Side effects of drugs annual 27 
(SEDA). Amsterdam: Elsevier; 2004.

Dukes MNG, Aronson JK, editors. Meyler’s side 
effects of drugs. 14th edn. Amsterdam: Elsevier; 
2000.

Sweetman SC, editor. Martindale: the complete drug 
reference. London: Pharmaceutical Press; 2007.

Systematic reviews
Systematic reviews were identified from the 
searches for comparators and consulted for 
information on the adverse effects of amiodarone.

Search strategies for studies 
on the clinical and cost-
effectiveness of catheter ablation

All search strategies were limited to publication 
year 2000 onwards or when this was not possible 
older references were excluded from the results.

Databases of systematic reviews
Cochrane Database of 
Systematic Reviews (CDSR)
Cochrane Library – 2006 Issue 3. Searched 25 July 
2006. URL: www.library.nhs.uk/

This search strategy retrieved two reviews (two 
completed and no protocols).

#1 MeSH descriptor Catheter Ablation, this term 
only
#2 catheter NEXT ablation*
#3 electric* NEXT ablation*
#4 fulguration*
#5 electrofulguration*
#6 cryoablation*
#7 radiofrequen* NEXT ablation*
#8 radio-frequen* NEXT ablation*
#9 RFA
#10 ablation NEXT catheter*
#11 atrial NEXT flutter NEXT ablation*
#12 transcatheter NEXT ablation*
#13 trans-catheter NEXT ablation*
#14 ablative NEXT cure*
#15 rf NEXT ablation*
#16 arrhythmia NEXT ablation*
#17 atrioventricular NEXT nod* NEXT ablation*

#18 av NEXT nod* NEXT modification*
#19 slow NEXT av NEXT nod* NEXT pathway* 
NEXT ablation*
#20 his NEXT bundle NEXT ablation*
#21 radiofrequen* NEXT linear NEXT ablation*
#22 radio-frequen* NEXT linear NEXT ablation*
#23 auricular NEXT fibrillation*
#24 MeSH descriptor Atrial Fibrillation, this 
term only
#25 atrial NEXT fibrillation*
#26 atrium NEXT fibrillation*
#27 MeSH descriptor Atrial Flutter, this term 
only
#28 auricular NEXT flutter*
#29 atrial NEXT flutter*
#30 atrial NEXT tachycardia*
#31 atrial NEXT tachyarrhythmia*
#32 atrium NEXT tachycardia*
#33 atrial NEXT arrhythmia*
#34 heart NEXT fibrillation*
#35 MeSH descriptor Tachycardia, Ectopic 
Atrial, this term only
#36 typical NEXT flutter*

#37 (#1 OR #2 OR #3 OR #4 OR #5 OR #6 
OR #7 OR #8 OR #9 OR #10 OR #11 OR 
#12 OR #13 OR #14 OR #15 OR #16 OR #17 
OR #18 OR #19 OR #20 OR #21 OR #22)

#38 (#23 OR #24 OR #25 OR #26 OR #27 OR 
#28 OR #29 OR #30 OR #31 OR #32 OR #33 
OR #34 OR #35 OR #36)

#39 (#37 AND #38)

Database of Abstracts of 
Reviews of Effects (DARE)
CRD Internal Database – July 2006. Searched 26 
July 2006.

This search strategy produced two records.

S catheter(w)ablation$or electric$(w)ablation$or 
fulguration$or electrofulguration$or 
cryoablation$or radiofrequen$(w)ablation$or 
radio-frequen$(w)ablation$or RFA or ablation(w)
catheter$or atrial(w)flutter(w)ablation$or 
transcatheter(w)ablation$or trans-catheter(w)
ablation$or ablative(w)cure$or rf(w)ablation$or 
arrhythmia(w)ablation$or atrioventricular(w)
nod$(w)ablation$or av(w)nod$(w)modification$or 
slow(w)av(w)nod$(w)pathway$(w)ablation$or his(w)
bundle(w)ablation$or radiofrequen$(w)linear(w)
ablation$or radio-frequen$(w)linear(w)ablation$

S auricular(w)fibrillation$or atrial(w)fibrillation$or 
atrium(w)fibrillation$or auricular(w)flutter$or 
atrial(w)flutter$or atrial(w)tachycardia$or atrial(w)
tachyarrhythmia$or atrium(w)tachycardia$or 
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atrial(w)arrhythmia$or heart(w)fibrillation$or 
typical(w)flutter$

S s1 and s2

Health-/medical-related databases
BIOSIS
DIALOG – 1993–present. Searched 28 July 2006. 
URL: http://library.dialog.com/

This search strategy resulted in 1142 records.

S catheter(w)ablation?
S electric?(w)ablation?
s fulguration?
s electrofulguration?
s cryoablation?
s radiofrequen?(w)ablation?
s radio-frequen?(w)ablation?
s RFA
s ablation(w)catheter?
s atrial(w)flutter(w)ablation?
s transcatheter(w)ablation?
s trans-catheter(w)ablation?
s ablative(w)cure?
s rf(w)ablation?
s arrhythmia(w)ablation?
s atrioventricular(w)nod?(w)ablation?
s av(w)nod?(w)modification?
s slow(w)av(w)nod?(w)pathway?(w)ablation?
s his(w)bundle(w)ablation?
s radiofrequen?(w)linear(w)ablation?
s radio-frequen?(w)linear(w)ablation?
s auricular(w)fibrillation?
s atrial(w)fibrillation?
s atrium(w)fibrillation?
s auricular(w)flutter?
s atrial(w)flutter?
s atrial(w)tachycardia?
s atrial(w)tachyarrhythmia?
s atrium(w)tachycardia?
s atrial(w)arrhythmia?
s heart(w)fibrillation?
s typical(w)flutter?
s s1:s21
s s22:s32
s s33 and s34
S S35/2000:2007

CENTRAL (Cochrane Central 
Register of Controlled Trials)
Cochrane Library – 2006 Issue 3. Searched 25 July 
2006. URL: www.library.nhs.uk/

The same search strategy was used as for CDSR. 
This search resulted in 106 records.

Cumulative Index to Nursing and 
Allied Health Literature (CINAHL)
OvidWeb – 1982 to July Week 3 2006. Searched 25 
July 2006. URL: http://gateway.ovid.com/athens

This search strategy retrieved 381 records.

catheter ablation/1. 
catheter ablation$.ti,ab.2. 
electric$ablation$.ti,ab.3. 
fulguration$.ti,ab.4. 
electrofulguration$.ti,ab.5. 
cryoablation$.ti,ab.6. 
radiofrequen$ablation$.ti,ab.7. 
radio-frequen$ablation$.ti,ab.8. 
RFA.ti,ab.9. 
ablation catheter$.ti,ab.10. 
atrial flutter ablation$.ti,ab.11. 
transcatheter ablation$.ti,ab.12. 
trans-catheter ablation$.ti,ab.13. 
ablative cure$.ti,ab.14. 
rf ablation$.ti,ab.15. 
arrhythmia ablation$.ti,ab.16. 
atrioventricular nod$ablation$.ti,ab.17. 
av nod$modification$.ti,ab.18. 
slow av nod$pathway$ablation$.ti,ab.19. 
his bundle ablation$.ti,ab.20. 
radiofrequen$linear ablation$.ti,ab.21. 
radio-frequen$linear ablation$.ti,ab.22. 
auricular fibrillation$.ti,ab.23. 
Atrial Fibrillation$.ti,ab.24. 
Atrium Fibrillation$.ti,ab.25. 
auricular flutter$.ti,ab.26. 
atrial tachycardia$.ti,ab.27. 
atrial tachyarrhythmia$.ti,ab.28. 
Atrium Tachycardia$.ti,ab.29. 
atrial arrhythmia$.ti,ab.30. 
heart fibrillation$.ti,ab.31. 
typical flutter$.ti,ab.32. 
Atrial Fibrillation/33. 
Atrial Flutter/34. 
Tachycardia, Atrial/35. 
Atrial flutter$.ti,ab 36. 
or/1–2237. 
or/23–3638. 
37 and 3839. 
limit 39 to yr=“2000 – 2006”40. 

EMBASE
OvidWeb – 1980 to 2006 Week 29. Searched 25 
July 2006. URL: http://gateway.ovid.com/athens

This search strategy resulted in 2184 records.

catheter ablation/1. 
catheter ablation$.ti,ab.2. 
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electric$ablation$.ti,ab.3. 
fulguration$.ti,ab.4. 
electrofulguration$.ti,ab.5. 
cryoablation$.ti,ab.6. 
radiofrequen$ablation$.ti,ab.7. 
radio-frequen$ablation$.ti,ab.8. 
RFA.ti,ab.9. 
ablation catheter$.ti,ab.10. 
atrial flutter ablation$.ti,ab.11. 
transcatheter ablation$.ti,ab.12. 
trans-catheter ablation$.ti,ab.13. 
ablative cure$.ti,ab.14. 
rf ablation$.ti,ab.15. 
arrhythmia ablation$.ti,ab.16. 
atrioventricular nod$ablation$.ti,ab.17. 
av nod$modification$.ti,ab.18. 
slow av nod$pathway$ablation$.ti,ab.19. 
his bundle ablation$.ti,ab.20. 
radiofrequen$linear ablation$.ti,ab.21. 
radio-frequen$linear ablation$.ti,ab.22. 
auricular fibrillation$.ti,ab.23. 
Atrial Fibrillation$.ti,ab.24. 
Atrium Fibrillation$.ti,ab.25. 
auricular flutter$.ti,ab.26. 
atrial tachycardia$.ti,ab.27. 
atrial tachyarrhythmia$.ti,ab.28. 
Atrium Tachycardia$.ti,ab.29. 
atrial arrhythmia$.ti,ab.30. 
heart fibrillation$.ti,ab.31. 
typical flutter$.ti,ab.32. 
Heart Atrium Fibrillation/33. 
Heart Atrium Flutter/34. 
Atrial flutter$.ti,ab35. 
or/1–2236. 
or/23–3537. 
36 and 3738. 
limit 37 to yr=“2000 – 2007” (2184)39. 

Health Technology Assessment 
(HTA) Database
CRD Internal Database – July 2006. Searched 26 
July 2006.

The same search strategy was used as for the DARE 
database. This search produced nine records.

MEDLINE
OvidWeb – 1966 to July Week 2 2006. Searched 25 
July 2006. URL: http://gateway.ovid.com/athens

This search strategy retrieved 2057 records.

catheter ablation/1. 
2 catheter ablation$.ti,ab.2. 
electric$ablation$.ti,ab.3. 
fulguration$.ti,ab.4. 

electrofulguration$.ti,ab.5. 
cryoablation$.ti,ab.6. 
radiofrequen$ablation$.ti,ab.7. 
radio-frequen$ablation$.ti,ab.8. 
RFA.ti,ab.9. 
ablation catheter$.ti,ab.10. 
atrial flutter ablation$.ti,ab.11. 
transcatheter ablation$.ti,ab.12. 
trans-catheter ablation$.ti,ab.13. 
ablative cure$.ti,ab.14. 
rf ablation$.ti,ab.15. 
arrhythmia ablation$.ti,ab.16. 
atrioventricular nod$ablation$.ti,ab.17. 
av nod$modification$.ti,ab.18. 
slow av nod$pathway$ablation$.ti,ab.19. 
his bundle ablation$.ti,ab.20. 
radiofrequen$linear ablation$.ti,ab.21. 
radio-frequen$linear ablation$.ti,ab.22. 
auricular fibrillation$.ti,ab.23. 
Atrial Fibrillation/24. 
Atrial Fibrillation$.ti,ab.25. 
Atrium Fibrillation$.ti,ab.26. 
Atrial Flutter/27. 
auricular flutter$.ti,ab.28. 
Atrial Flutter$.ti,ab.29. 
atrial tachycardia$.ti,ab.30. 
atrial tachyarrhythmia$.ti,ab.31. 
Atrium Tachycardia$.ti,ab.32. 
atrial arrhythmia$.ti,ab.33. 
heart fibrillation$.ti,ab.34. 
tachycardia, ectopic atrial/35. 
typical flutter$.ti,ab.36. 
or/1–2237. 
or/23–3638. 
37 and 3839. 
limit 39 to yr=“2000 – 2006”40. 

MEDLINE In-process and 
other non-indexed citations
OvidWeb – 24 July 2006. Searched 25 July 2006. 
URL: http://gateway.ovid.com/athens

This search strategy retrieved 109 records.

catheter ablation$.ti,ab.1. 
electric$ablation$.ti,ab.2. 
fulguration$.ti,ab.3. 
electrofulguration$.ti,ab.4. 
cryoablation$.ti,ab.5. 
radiofrequen$ablation$.ti,ab.6. 
radio-frequen$ablation$.ti,ab.7. 
RFA.ti,ab.8. 
ablation catheter$.ti,ab.9. 
atrial flutter ablation$.ti,ab.10. 
transcatheter ablation$.ti,ab.11. 
trans-catheter ablation$.ti,ab.12. 
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ablative cure$.ti,ab.13. 
rf ablation$.ti,ab.14. 
arrhythmia ablation$.ti,ab.15. 
atrioventricular nod$ablation$.ti,ab.16. 
av nod$modification$.ti,ab.17. 
slow av nod$pathway$ablation$.ti,ab.18. 
his bundle ablation$.ti,ab.19. 
radiofrequen$linear ablation$.ti,ab.20. 
radio-frequen$linear ablation$.ti,ab.21. 
auricular fibrillation$.ti,ab.22. 
Atrial Fibrillation$.ti,ab.23. 
Atrium Fibrillation$.ti,ab.24. 
auricular flutter$.ti,ab.25. 
Atrial Flutter$.ti,ab.26. 
atrial tachycardia$.ti,ab.27. 
atrial tachyarrhythmia$.ti,ab.28. 
Atrium Tachycardia$.ti,ab.29. 
atrial arrhythmia$.ti,ab.30. 
heart fibrillation$.ti,ab.31. 
typical flutter$.ti,ab.32. 
or/1–2133. 
or/22–3234. 
33 and 3435. 
limit 36 to yr=“2000 – 2006”36. 

Science Citation Index (SCI)
Web of Knowledge – 1956 to present. Searched 26 
July 2006. URL: http://wos.mimas.ac.uk/

This search strategy retrieved 2889 records.

catheter ablation* OR electric* ablation* 
OR fulguration* OR electrofulguration* OR 
cryoablation* OR radiofrequen* ablation* OR 
radio-frequen* ablation* OR RFA OR ablation 
catheter* OR atrial flutter ablation* OR 
transcatheter ablation* OR trans-catheter ablation* 
OR ablative cure* OR rf ablation* OR arrhythmia 
ablation* OR atrioventricular nod* ablation* 
OR av nod* modification* OR slow av nod* 
pathway* ablation* OR his bundle ablation* OR 
radiofrequen* linear ablation* OR radio-frequen* 
linear ablation*

AND

auricular fibrillation* OR atrial fibrillation* OR 
atrium fibrillation* OR auricular flutter* OR 
atrial flutter* OR atrial tachycardia* OR atrial 
tachyarrhythmia* OR atrium tachycardia* OR 
atrial arrhythmia* OR heart fibrillation* OR 
typical flutter*

Databases of conference proceedings
ISI Proceedings: Science 
and Technology
Web of Knowledge – 1990 to present. Searched 27 
July 2006. URL: http://wos.mimas.ac.uk/

This database was searched with the same search 
strategy as for SCI and produced 597 records.

Zetoc Conferences
MIMAS – 1993 to present. Searched 26 July 2006. 
URL: http://zetoc.mimas.ac.uk/

After within-database deduplication this series of 
individual search strings retrieved 288 records.

“catheter ablation*” – 202 records

“electric* ablation*” – 1 record

fulguration – 14 records

electrofulguration – 0 records

cryoablation – 89 records

“radiofrequen* ablation*” – 201 records

“radio-frequen* ablation*” – 19 records

rfa – 29 records

“ablation catheter*” – 6 records

“atrial flutter ablation*” – 2 records

“transcatheter ablation*” – 2 records

“trans-catheter ablation*” – 0 records

“ablative cure*” – 1 record

“rf ablation*” – 26 records

“arrhythmia ablation*” – 0 records

“atrioventricular nod* ablation*” – 3 records

“av nod* modification*” – 2 records

“slow av nod* pathway ablation*” – 0 records

“his bundle ablation*” – 4 records
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“radiofrequen* linear ablation*” – 0 records

“radio-frequen* linear ablation*” – 0 records

Economic databases
EconLit
WebSPIRS – 1969 to June 2006. Searched 26 July 
2006. URL: http//arc.uk.ovid.com/

This search retrieved no records.

#1 catheter ablation* OR electric* ablation* 
OR fulguration* OR electrofulguration* OR 
cryoablation* OR radiofrequen* ablation* OR 
radio-frequen* ablation* OR RFA OR ablation 
catheter* OR atrial flutter ablation* OR 
transcatheter ablation* OR trans-catheter ablation* 
OR ablative cure* OR rf ablation* OR arrhythmia 
ablation* OR atrioventricular nod* ablation* 
OR av nod* modification* OR slow av nod* 
pathway* ablation* OR his bundle ablation* OR 
radiofrequen* linear ablation* OR radio-frequen* 
linear ablation*

#2 auricular fibrillation* OR atrial fibrillation* 
OR atrium fibrillation* OR auricular flutter* OR 
atrial flutter* OR atrial tachycardia* OR atrial 
tachyarrhythmia* OR atrium tachycardia* OR 
atrial arrhythmia* OR heart fibrillation* OR 
typical flutter*

#1 and #2

Health Economics Evaluation 
Database (HEED)
CD-ROM – July 2006. Searched 26 July 2006.

This search strategy retrieved 12 records.

ablation* OR fulguration* OR electrofulguration* 
OR cryoablation* OR ablative OR av OR rfa

AND

fibrillation* OR tachyarrhythmia* OR tachycardia* 
OR arrhythmia* OR flutter*

IDEAS
Current. Searched 26 July 2006. URL: http://ideas.
repec.org/

This search strategy retrieved no records.

ablation* fulguration* electrofulguration* 
cryoablation* ablative av

NHS Economic Evaluation 
Database (NHS EED)
CRD Internal Database – July 2006. Searched 26 
July 2006.

The same search strategy was used as for DARE. 
This search produced six records.

Guidelines databases
BMJ Clinical Evidence
URL: www.clinicalevidence.com/ceweb/index.jsp

No relevant articles (one forthcoming relevant 
article).

Cardiovascular Diseases Specialist Library
URL: www.library.nhs.uk/cardiovascular/

A search for catheter ablation retrieved seven 
guidelines.

Health Evidence Bulletin Wales
URL: http://hebw.cf.ac.uk/

This database was browsed and no relevant 
guidelines were identified.

HSTAT
URL: www.ncbi.nlm.nih.gov/books/
bv.fcgi?rid=hstat

A search for catheter ablation retrieved two 
guidelines.

National Guidelines Clearing House
URL: www.guideline.gov/

A search for catheter ablation retrieved 22 
guidelines.

NICE
URL: www.nice.org.uk/

A search for catheter ablation retrieved 124 
guidelines.

NLH Guidelines Finder
URL: www.library.nhs.uk/guidelinesFinder/

A search for catheter ablation retrieved six 
guidelines.

Scottish Intercollegiate 
Guidelines Network (SIGN)
URL: www.sign.ac.uk/
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This database was browsed and one potentially 
relevant guideline was identified.

TRIP
URL: www.tripdatabase.com/index.html

A search for catheter ablation retrieved 32 
guidelines.

Databases for ongoing and 
recently completed research
ClinicalTrials.gov
Searched 2 August 2006. URL: www.clinicaltrials.
gov/

This search retrieved 35 records, which were all 
entered into the EndNote library.

(catheter ablation OR electric ablation OR 
fulguration OR electrofulguration OR cryoablation 
OR radiofrequency ablation OR radio-frequency 
ablation OR RFA OR ablation catheter OR 
atrial flutter ablation OR transcatheter ablation 
OR trans-catheter ablation OR ablative cure 
OR rf ablation OR arrhythmia ablation OR 
atrioventricular nod ablation OR av nod 
modification OR slow av nod pathway ablation 
OR his bundle ablation OR radiofrequency linear 
ablation OR radio-frequency linear ablation) 
AND (auricular fibrillation OR atrial fibrillation 
OR atrium fibrillation OR auricular flutter OR 
atrial flutter OR atrial tachycardia OR atrial 
tachyarrhythmia OR atrium tachycardia OR atrial 
arrhythmia OR heart fibrillation OR typical flutter) 
[ALL-FIELDS]

MetaRegister of Controlled Trials
Searched 9 August 2006. URL: www.controlled-
trials.com/

All registers [except ClinicalTrials.gov and the 
National Research Register (NRR), which were 
searched directly] were selected. This search 
strategy retrieved 48 records (six studies were 
deemed potentially relevant and imported into the 
EndNote library).

The search was for any of these words:

ablation fulguration electrofulguration cryoablation 
RFA ablative

National Research Register (NRR)
2006 Issue 3. Searched 9 August 2006. URL: www.
update-software.com/national/

This search retrieved 30 records, which were all 
entered into the EndNote library.

#1 catheter ablation* OR electric* ablation* 
OR fulguration* OR electrofulguration* OR 
cryoablation* OR radiofrequen* ablation* OR 
radio-frequen* ablation* OR RFA OR ablation 
catheter* OR atrial flutter ablation* OR 
transcatheter ablation* OR trans-catheter ablation* 
OR ablative cure* OR rf ablation* OR arrhythmia 
ablation* OR atrioventricular nod* ablation* 
OR av nod* modification* OR slow av nod* 
pathway* ablation* OR his bundle ablation* OR 
radiofrequen* linear ablation* OR radio-frequen* 
linear ablation*

#2 auricular fibrillation* OR atrial fibrillation* 
OR atrium fibrillation* OR auricular flutter* OR 
atrial flutter* OR atrial tachycardia* OR atrial 
tachyarrhythmia* OR atrium tachycardia* OR 
atrial arrhythmia* OR heart fibrillation* OR 
typical flutter*

#3 #1 and #2

Research Findings Electronic 
Register (ReFeR)
Searched 9 August 2006. URL: www.info.doh.gov.
uk/doh/refr_web.nsf/Home?OpenForm

This search strategy retrieved five records (none of 
which were relevant and which were therefore not 
imported into the EndNote library).

ablation OR fulguration OR electrofulguration OR 
cryoablation OR RFA OR ablative

Results from search strategies for 
studies on the clinical and cost-
effectiveness of catheter ablation
A total of 4860 unique bibliographic records (9902 
before deduplication) and 196 guidelines were 
retrieved.

Update search strategies for 
studies on the clinical and cost-
effectiveness of catheter ablation
BIOSIS

DIALOG. Searched 10 April 2007. URL: http://
library.dialog.com/

The previous search strategy was rerun and 
restricted to records added to the database since 
July 2006. This retrieved 226 records.
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CENTRAL

Cochrane Library – 2007 Issue 2. Searched 4 April 
2007. URL: www.library.nhs.uk/

The previous search strategy was rerun. 
This retrieved 156 records, which were then 
deduplicated against the original searches.

Cumulative Index to Nursing and 
Allied Health Literature (CINAHL)
OvidWeb  – 1982 to March Week 5 2007. Searched 
4 April 2007. URL: http://gateway.ovid.com/athens

The previous search strategy was rerun and 
restricted to records added to the database since 
July 2006. This retrieved 112 records.

EMBASE
OvidWeb – 1980 to 2007 Week 13. Searched 4 April 
2007. URL: http://gateway.ovid.com/athens

The previous search strategy was rerun and 
restricted to records added to the database since 
July 2006. This retrieved 448 records.

MEDLINE and MEDLINE In-process 
and other non-indexed citations
1950 to present. Searched 4 April 2007.

The previous search strategy was rerun and 
restricted to records added to the database since 
July 2006. This retrieved 379 records.

Science Citation Index (SCI)
Web of Knowledge – 1956 to present. Searched 4 
April 2007. URL: http://wos.mimas.ac.uk/

The previous search strategy was rerun and 
restricted to publications from 2006 and 2007. This 
retrieved 765 records.

Results from the update search strategies 
for studies on the clinical and cost-
effectiveness of catheter ablation
All of the results of the update searches were 
entered into an EndNote library and deduplicated 
against each other and the original searches. This 
resulted in an EndNote library of 772 records 
(2086 before deduplication).

Search strategies for studies on 
the clinical and cost-effectiveness 
of selected comparators 
to catheter ablation
Clinical effectiveness of selected 
comparators to catheter ablation
Cochrane Database of 
Systematic Reviews (CDSR)

Cochrane Library – 2006 Issue 3. Searched 17 
October 2006. URL: www.library.nhs.uk/

This search strategy retrieved 22 reviews (18 
completed and four protocols).

#1 Atrioventricular Node/
#2 (av near/2 node near/2 ablat*)
#3 (av near/2 nodal near/2 ablat*).
#4 (atrioventricular near/2 node near/2 ablat*)
#5 (atrioventricular near/2 nodal near/2 ablat*)
#6 (atrio-ventricular near/2 node near/2 ablat*)
#7 (atrio-ventricular near/2 nodal near/2 ablat*)
#8 (a-v near/2 node near/2 ablati*)
#9 (a-v near/2 nodal near/2 ablat*)
#10 Amiodarone/
#11 amiodarone
#12 cordarone
#13 exp Anti-Arrhythmia Agents/
#14 antiarrhythmia
#15 antiarrhythmic
#16 Anti-Arrhythmia
#17 Anti-Arrhythmic
#18 antifibrillatory
#19 cardiac next depressant*
#20 myocardial next depressant*
#21 (rate near/2 control*)
#22 (rhythm near/2 control*)
#23 auricular next fibrillation*
#24 Atrial Fibrillation/
#25 Atrial next Fibrillation*
#26 Atrium next Fibrillation*
#27 Atrial Flutter/
#28 auricular next flutter*
#29 Atrial next flutter*
#30 atrial next tachycardia*
#31 atrial next tachyarrhythmia*
#32 Atrium next tachycardia*
#33 atrial next arrhythmia*
#34 heart next fibrillation*
#34 tachycardia, ectopic atrial/
#35 typical next flutter*
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#36 (#1 OR #2 OR #3 OR #4 OR #5 OR #6 OR 
#7 OR #8 OR #9 OR #10 OR #11 OR #12 
OR #13 OR #14 OR #15 OR #16 OR #17 OR 
#18 OR #19 OR #20 OR #21 OR #22)

#37 (#23 OR #24 OR #25 OR #26 OR #27 OR 
#28 OR #29 OR #30 OR #31 OR #32 OR #33 
OR #34 OR #35)

#38 (#36 AND #37)

Cumulative Index to Nursing and 
Allied Health Literature (CINAHL)
OvidWeb – 1982 to October Week 1 2006. Searched 
17 October 2006. URL: http://gateway.ovid.com/
athens

This search strategy retrieved 23 records.

Atrioventricular Node/1. 
(av adj2 node adj2 ablat$).ti,ab.2. 
(av adj2 nodal adj2 ablat$).ti,ab.3. 
(atrioventricular adj2 node adj2 ablat$).ti,ab.4. 
(atrioventricular adj2 nodal adj2 ablat$).ti,ab.5. 
(atrio-ventricular adj2 node adj2 ablat$).ti,ab.6. 
(atrio-ventricular adj2 nodal adj2 ablat$).ti,ab.7. 
(a-v adj2 node adj2 ablati$).ti,ab.8. 
(a-v adj2 nodal adj2 ablat$).ti,ab.9. 
Amiodarone/10. 
amiodarone.ti,ab.11. 
cordarone.ti,ab.12. 
exp Anti-Arrhythmia Agents/13. 
antiarrhythmia.ti,ab.14. 
antiarrhythmic.ti,ab.15. 
Anti-Arrhythmia.ti,ab.16. 
Anti-Arrhythmic.ti,ab.17. 
antifibrillatory.ti,ab.18. 
cardiac depressant$.ti,ab.19. 
myocardial depressant$.ti,ab.20. 
(rate adj2 control$).ti,ab.21. 
(rhythm adj2 control$).ti,ab.22. 
(pace or pacing or pacemaker$).ti,ab.23. 
Pacemaker, Artificial/24. 
auricular fibrillation$.ti,ab.25. 
Atrial Fibrillation/26. 
Atrial Fibrillation$.ti,ab.27. 
Atrium Fibrillation$.ti,ab.28. 
Atrial Flutter/29. 
auricular flutter$.ti,ab.30. 
Atrial Flutter$.ti,ab.31. 
atrial tachycardia$.ti,ab.32. 
atrial tachyarrhythmia$.ti,ab.33. 
Atrium Tachycardia$.ti,ab.34. 
atrial arrhythmia$.ti,ab.35. 
heart fibrillation$.ti,ab.36. 
tachycardia, ectopic atrial/37. 

typical flutter$.ti,ab.38. 
or/25–3839. 
CARDIAC PACING, ARTIFICIAL/40. 
Meta Analysis/41. 
systematic review/42. 
systematic review.pt.43. 
(systematic adj4 (review$or overview$)).ti,ab.44. 
(literature adj2 review$).ti,ab.45. 
literature review/46. 
or/41–4647. 
auricular fibrillation.ti,ab.48. 
Atrial Fibrillation/49. 
Atrial Fibrillation$.ti,ab.50. 
Heart Atrium Fibrillation/51. 
Atrium Fibrillation.ti,ab.52. 
Atrial Flutter/53. 
auricular flutter.ti,ab.54. 
Atrial Flutter.ti,ab.55. 
atrial tachycardia.ti,ab.56. 
atrial tachyarrhythmia$.ti,ab.57. 
exp Tachycardia, Supraventricular/58. 
Supraventricular Tachycardia$.ti,ab.59. 
Supraventricular Tachycardia/60. 
Atrium Tachycardia.ti,ab.61. 
cardiac arrhythmia$.ti,ab.62. 
atrioventricular junction$.ti,ab.63. 
atrial arrhythmia$.ti,ab.64. 
supraventricular arrhythmia$.ti,ab.65. 
premature cardiac complex$.ti,ab.66. 
atrial premature complex$.ti,ab.67. 
paroxysmal tachycardia$.ti,ab.68. 
heart arrhythmia$.ti,ab.69. 
atrium arrhythmia$.ti,ab.70. 
heart fibrillation$.ti,ab.71. 
Arrhythmia/72. 
or/48–7273. 
(or/1–24) or 4074. 
39 and 47 and 7475. 
limit 75 to (english and yr=“2000 – 2007”)76. 

Database of Abstracts of 
Reviews of Effects (DARE)
CRD Internal Database – October 2006. Searched 
17 October 2006.

This search strategy produced 33 records.

s atrioventricular node/kwo
s av(2w)node(2w)ablat$
s av(2w)nodal(2w)ablat$
s atrioventricular(2w)node(2w)ablat$
s atrioventricular(2w)nodal(2w)ablat$
s atrio(w)ventricular(2w)node(2w)ablat$
s atrio(w)ventricular(2w)nodal(2w)ablat$
s a(w)v(2w)node(2w)ablati$
s a(w)v(2w)nodal(2w)ablat$
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s amiodarone
s cordarone
s antiarrhythmia
s antiarrhythmic
s anti(w)arrhythmia
s anti(w)arrhythmic
s antifibrillatory
s cardiac(w)depressant$
s myocardial(w)depressant$
s rate(2w)control$
s rhythm(2w)control$
s s1 or s2 or s3 or s4 or s5 or s6 or s7 or s8 or s9 or 

s10 or s11 or s12 or s13 or s14 or s15 or s16 or 
s17 or s18 or s19 or s20

s auricular(w)fibrillation$
s atrial(w)fibrillation$
s atrium(w)fibrillation$
s auricular(w)flutter$
s atrial(w)flutter$
s atrial(w)tachycardia$
s atrial(w)tachyarrhythmia$
s atrium(w)tachycardia$
s atrial(w)arrhythmia$
s heart(w)fibrillation$
s typical(w)flutter$
s s22 or s23 or s24 or s25 or s26 or s27 or s28 or 

s29 or s30 or s31 or s32
s s21 and s33

EMBASE
OvidWeb – 1996 to 2006 Week 41. Searched 17 
October 2006. URL: http://gateway.ovid.com/
athens

This search strategy resulted in 203 records.

Atrioventricular Node/1. 
(av adj2 node adj2 ablat$).ti,ab.2. 
(av adj2 nodal adj2 ablat$).ti,ab.3. 
(atrioventricular adj2 node adj2 ablat$).ti,ab.4. 
(atrioventricular adj2 nodal adj2 ablat$).ti,ab.5. 
(atrio-ventricular adj2 node adj2 ablat$).ti,ab.6. 
(atrio-ventricular adj2 nodal adj2 ablat$).ti,ab.7. 
(a-v adj2 node adj2 ablati$).ti,ab.8. 
(a-v adj2 nodal adj2 ablat$).ti,ab.9. 
Amiodarone/10. 
amiodarone.ti,ab.11. 
cordarone.ti,ab.12. 
exp Anti-Arrhythmia Agents/13. 
antiarrhythmia.ti,ab.14. 
antiarrhythmic.ti,ab.15. 
Anti-Arrhythmia.ti,ab.16. 
Anti-Arrhythmic.ti,ab.17. 
antifibrillatory.ti,ab.18. 

cardiac depressant$.ti,ab.19. 
myocardial depressant$.ti,ab.20. 
(rate adj2 control$).ti,ab.21. 
(rhythm adj2 control$).ti,ab.22. 
(pace or pacing or pacemaker$).ti,ab.23. 
Pacemaker, Artificial/24. 
cardiac pacing, artificial/25. 
auricular fibrillation$.ti,ab.26. 
heart atrium Fibrillation/27. 
Atrial Fibrillation$.ti,ab.28. 
Atrium Fibrillation$.ti,ab.29. 
heart atrium Flutter/30. 
atrial flutter$.ti,ab.31. 
auricular flutter$.ti,ab.32. 
Atrial Flutter$.ti,ab.33. 
atrial tachycardia$.ti,ab.34. 
atrial tachyarrhythmia$.ti,ab.35. 
Atrium Tachycardia$.ti,ab.36. 
atrial arrhythmia$.ti,ab.37. 
heart fibrillation$.ti,ab.38. 
typical flutter$.ti,ab.39. 
Meta Analysis/40. 
systematic review/41. 
(systematic adj4 (review$or overview$)).ti,ab.42. 
(literature adj2 review$).ti,ab.43. 
or/1–2544. 
or/26–3945. 
or/40–4346. 
44 and 45 and 4647. 
limit 47 to (english language and yr=“2000 – 48. 
2007”)

Health Technology Assessment 
(HTA) Database
CRD Internal Database – October 2006. Searched 
17 October 2006.

This search strategy produced one record.
s atrioventricular node/kwo
s av(2w)node(2w)ablat$
s av(2w)nodal(2w)ablat$
s atrioventricular(2w)node(2w)ablat$
s atrioventricular(2w)nodal(2w)ablat$
s atrio(w)ventricular(2w)node(2w)ablat$
s atrio(w)ventricular(2w)nodal(2w)ablat$
s a(w)v(2w)node(2w)ablati$
s a(w)v(2w)nodal(2w)ablat$
s amiodarone
s cordarone
s antiarrhythmia
s antiarrhythmic
s anti(w)arrhythmia
s anti(w)arrhythmic
s antifibrillatory
s cardiac(w)depressant$
s myocardial(w)depressant$
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s rate(2w)control$
s rhythm(2w)control$
s s1 or s2 or s3 or s4 or s5 or s6 or s7 or s8 or s9 or 

s10 or s11 or s12 or s13 or s14 or s15 or s16 or 
s17 or s18 or s19 or s20

s auricular(w)fibrillation$
s atrial(w)fibrillation$
s atrium(w)fibrillation$
s auricular(w)flutter$
s atrial(w)flutter$
s atrial(w)tachycardia$
s atrial(w)tachyarrhythmia$
s atrium(w)tachycardia$
s atrial(w)arrhythmia$
s heart(w)fibrillation$
s typical(w)flutter$
s s22 or s23 or s24 or s25 or s26 or s27 or s28 or 

s29 or s30 or s31 or s32
s s21 and s33

MEDLINE
OvidWeb – 1996 to October Week 1 2006. Searched 
17 October 2006. URL: http://gateway.ovid.com/
athens

This search strategy retrieved 73 records.

Atrioventricular Node/1. 
(av adj2 node adj2 ablat$).ti,ab.2. 
(av adj2 nodal adj2 ablat$).ti,ab.3. 
(atrioventricular adj2 node adj2 ablat$).ti,ab.4. 
(atrioventricular adj2 nodal adj2 ablat$).ti,ab.5. 
(atrio-ventricular adj2 node adj2 ablat$).ti,ab.6. 
(atrio-ventricular adj2 nodal adj2 ablat$).ti,ab.7. 
(a-v adj2 node adj2 ablati$).ti,ab.8. 
(a-v adj2 nodal adj2 ablat$).ti,ab.9. 
Amiodarone/10. 
amiodarone.ti,ab.11. 
cordarone.ti,ab.12. 
exp Anti-Arrhythmia Agents/13. 
antiarrhythmia.ti,ab.14. 
antiarrhythmic.ti,ab.15. 
Anti-Arrhythmia.ti,ab.16. 
Anti-Arrhythmic.ti,ab.17. 
antifibrillatory.ti,ab.18. 
cardiac depressant$.ti,ab.19. 
myocardial depressant$.ti,ab.20. 
(rate adj2 control$).ti,ab.21. 
(rhythm adj2 control$).ti,ab.22. 
auricular fibrillation$.ti,ab.23. 
Atrial Fibrillation/24. 
Atrial Fibrillation$.ti,ab.25. 
Atrium Fibrillation$.ti,ab.26. 
Atrial Flutter/27. 
auricular flutter$.ti,ab.28. 
Atrial Flutter$.ti,ab.29. 

atrial tachycardia$.ti,ab.30. 
atrial tachyarrhythmia$.ti,ab.31. 
Atrium Tachycardia$.ti,ab.32. 
atrial arrhythmia$.ti,ab.33. 
heart fibrillation$.ti,ab.34. 
tachycardia, ectopic atrial/35. 
typical flutter$.ti,ab.36. 
or/23–3637. 
(pace or pacing or pacemaker$).ti,ab.38. 
Cardiac Pacing, Artificial/39. 
Pacemaker, Artificial/40. 
(or/1–22) or (or/38–40)41. 
37 and 4142. 
meta-analysis.ti,ab.43. 
meta-analysis.pt.44. 
meta-analysis/45. 
(systematic$adj4 (review$or overview$)).ti,ab.46. 
“review literature”/47. 
(literature adj2 review$).ti,ab.48. 
or/43–4849. 
42 and 4950. 
limit 50 to english language51. 
limit 51 to yr=“2000 – 2006”52. 

MEDLINE In-process and 
other non-indexed citations
OvidWeb – October 16 2006. Searched 17 October 
2006. URL: http://gateway.ovid.com/athens

This search strategy retrieved two records.

(av adj2 node adj2 ablat$).ti,ab.1. 
(av adj2 nodal adj2 ablat$).ti,ab.2. 
(atrioventricular adj2 node adj2 ablat$).ti,ab.3. 
(atrioventricular adj2 nodal adj2 ablat$).ti,ab.4. 
(atrio-ventricular adj2 node adj2 ablat$).ti,ab.5. 
(atrio-ventricular adj2 nodal adj2 ablat$).ti,ab.6. 
(a-v adj2 node adj2 ablati$).ti,ab.7. 
(a-v adj2 nodal adj2 ablat$).ti,ab.8. 
amiodarone.ti,ab9. 
cordarone.ti,ab.10. 
antiarrhythmia.ti,ab.11. 
antiarrhythmic.ti,ab.12. 
Anti-Arrhythmia.ti,ab.13. 
Anti-Arrhythmic.ti,ab.14. 
antifibrillatory.ti,ab.15. 
cardiac depressant$.ti,ab.16. 
myocardial depressant$.ti,ab.17. 
(rate adj2 control$).ti,ab.18. 
(rhythm adj2 control$).ti,ab.19. 
(pace or pacing or pacemaker$).ti,ab.20. 
auricular fibrillation$.ti,ab.21. 
Atrial Fibrillation$.ti,ab.22. 
Atrium Fibrillation$.ti,ab.23. 
atrial flutter$.ti,ab.24. 
auricular flutter$.ti,ab.25. 
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Atrial Flutter$.ti,ab.26. 
atrial tachycardia$.ti,ab.27. 
atrial tachyarrhythmia$.ti,ab.28. 
Atrium Tachycardia$.ti,ab.29. 
atrial arrhythmia$.ti,ab.30. 
heart fibrillation$.ti,ab.31. 
typical flutter$.ti,ab.32. 
(systematic adj4 (review$or overview$)).ti,ab.33. 
(literature adj2 review$).ti,ab.34. 
meta-analysis.pt.35. 
or/1–2036. 
or/21–3237. 
or/33–3538. 
36 and 37 and 3839. 

Results of search strategies for studies 
on the clinical effectiveness of selected 
comparators to catheter ablation
A total of 271 unique bibliographic records were 
retrieved (357 before deduplication).

Cost-effectiveness of selected 
comparators to catheter ablation
No date restrictions were applied to any of the 
searches and, where possible, the searches were 
limited to English language only.

MEDLINE
OvidWeb – 1966 to November Week 2 2006. 
Searched 21 November 2006. URL: http://gateway.
ovid.com/athens

This search strategy retrieved 193 records.

Atrioventricular Node/1. 
(av adj2 node adj2 ablat$).ti,ab.2. 
(av adj2 nodal adj2 ablat$).ti,ab.3. 
(atrioventricular adj2 node adj2 ablat$).ti,ab.4. 
(atrioventricular adj2 nodal adj2 ablat$).ti,ab.5. 
(atrio-ventricular adj2 node adj2 ablat$).ti,ab.6. 
(atrio-ventricular adj2 nodal adj2 ablat$).ti,ab.7. 
(a-v adj2 node adj2 ablati$).ti,ab.8. 
(a-v adj2 nodal adj2 ablat$).ti,ab.9. 
Amiodarone/10. 
amiodarone.ti,ab.11. 
cordarone.ti,ab.12. 
exp Anti-Arrhythmia Agents/13. 
antiarrhythmia.ti,ab.14. 
antiarrhythmic.ti,ab.15. 
Anti-Arrhythmia.ti,ab.16. 
Anti-Arrhythmic.ti,ab.17. 
antifibrillatory.ti,ab.18. 
cardiac depressant$.ti,ab.19. 
myocardial depressant$.ti,ab.20. 
(rate adj2 control$).ti,ab.21. 
(rhythm adj2 control$).ti,ab.22. 

or/1–2223. 
auricular fibrillation$.ti,ab.24. 
Atrial Fibrillation/25. 
Atrial Fibrillation$.ti,ab.26. 
Atrium Fibrillation$.ti,ab.27. 
Atrial Flutter/28. 
auricular flutter$.ti,ab.29. 
Atrial Flutter$.ti,ab.30. 
atrial tachycardia$.ti,ab.31. 
atrial tachyarrhythmia$.ti,ab.32. 
Atrium Tachycardia$.ti,ab.33. 
atrial arrhythmia$.ti,ab.34. 
heart fibrillation$.ti,ab.35. 
tachycardia, ectopic atrial/36. 
typical flutter$.ti,ab.37. 
or/24–3738. 
23 and 3839. 
economics/40. 
exp “costs and cost analysis”/41. 
economic value of life/42. 
exp economics,hospital/43. 
exp economics, medical/44. 
economics, nursing/45. 
economics, pharmaceutical/46. 
exp models,economic/47. 
exp “fees and charges”/48. 
exp budgets/49. 
ec.fs.50. 
(cost or costs or costly or costing$).ti,ab.51. 
(economic$or price$or pricing or 52. 
pharmacoeconomic$).ti,ab.
or/40–5253. 
39 and 5354. 
5455. 
limit 55 to english language56. 

MEDLINE In-process and 
other non-indexed citations
OvidWeb – November 15 2006. Searched 21 
November 2006. URL: http://gateway.ovid.com/
athens

This search strategy retrieved ten records.

(av adj2 node adj2 ablat$).ti,ab.1. 
(av adj2 nodal adj2 ablat$).ti,ab.2. 
(atrioventricular adj2 node adj2 ablat$).ti,ab.3. 
(atrioventricular adj2 nodal adj2 ablat$).ti,ab.4. 
(atrio-ventricular adj2 node adj2 ablat$).ti,ab.5. 
(atrio-ventricular adj2 nodal adj2 ablat$).ti,ab.6. 
(a-v adj2 node adj2 ablati$).ti,ab.7. 
(a-v adj2 nodal adj2 ablat$).ti,ab.8. 
amiodarone.ti,ab.9. 
cordarone.ti,ab.10. 
antiarrhythmia.ti,ab.11. 
antiarrhythmic.ti,ab.12. 
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Anti-Arrhythmia.ti,ab.13. 
Anti-Arrhythmic.ti,ab.14. 
antifibrillatory.ti,ab.15. 
cardiac depressant$.ti,ab.16. 
myocardial depressant$.ti,ab.17. 
(rate adj2 control$).ti,ab.18. 
(rhythm adj2 control$).ti,ab.19. 
or/1–1920. 
auricular fibrillation$.ti,ab.21. 
Atrial Fibrillation$.ti,ab.22. 
Atrium Fibrillation$.ti,ab.23. 
auricular flutter$.ti,ab.24. 
Atrial Flutter$.ti,ab.25. 
atrial tachycardia$.ti,ab.26. 
atrial tachyarrhythmia$.ti,ab.27. 
Atrium Tachycardia$.ti,ab.28. 
atrial arrhythmia$.ti,ab.29. 
heart fibrillation$.ti,ab.30. 
typical flutter$.ti,ab.31. 
or/21–3132. 
20 and 3233. 
ec.fs.34. 
(cost or costs or costly or costing$).ti,ab.35. 
(economic$or price$or pricing or 36. 
pharmacoeconomic$).ti,ab.
or/34–3637. 
33 and 3738. 
3839. 
limit 39 to english language40. 

EMBASE
OvidWeb – 1980 to 2006 Week 46. Searched 21 
November 2006. URL: http://gateway.ovid.com/
athens

This search strategy retrieved 417 records.

Atrioventricular Node/1. 
(av adj2 node adj2 ablat$).ti,ab.2. 
(av adj2 nodal adj2 ablat$).ti,ab.3. 
(atrioventricular adj2 node adj2 ablat$).ti,ab.4. 
(atrioventricular adj2 nodal adj2 ablat$).ti,ab.5. 
(atrio-ventricular adj2 node adj2 ablat$).ti,ab.6. 
(atrio-ventricular adj2 nodal adj2 ablat$).ti,ab.7. 
(a-v adj2 node adj2 ablati$).ti,ab.8. 
(a-v adj2 nodal adj2 ablat$).ti,ab.9. 
Amiodarone/10. 
amiodarone.ti,ab.11. 
cordarone.ti,ab.12. 
exp Anti-Arrhythmia Agents/13. 
antiarrhythmia.ti,ab.14. 
antiarrhythmic.ti,ab.15. 
Anti-Arrhythmia.ti,ab.16. 
Anti-Arrhythmic.ti,ab.17. 
antifibrillatory.ti,ab.18. 
cardiac depressant$.ti,ab.19. 

myocardial depressant$.ti,ab.20. 
(rate adj2 control$).ti,ab.21. 
(rhythm adj2 control$).ti,ab.22. 
or/1–2223. 
auricular fibrillation$.ti,ab.24. 
heart atrium Fibrillation/25. 
atrial Fibrillation$.ti,ab.26. 
Atrium Fibrillation$.ti,ab.27. 
heart atrium Flutter/28. 
atrial flutter$.ti,ab.29. 
auricular flutter$.ti,ab.30. 
Atrial Flutter$.ti,ab.31. 
atrial tachycardia$.ti,ab.32. 
atrial tachyarrhythmia$.ti,ab.33. 
Atrium Tachycardia$.ti,ab.34. 
atrial arrhythmia$.ti,ab.35. 
heart fibrillation$.ti,ab.36. 
typical flutter$.ti,ab.37. 
or/24–3738. 
23 and 3839. 
exp health economics/40. 
cost/41. 
exp health care cost/42. 
exp economic evaluation/43. 
(cost or costs or costed or costly or costing$).44. 
ti,ab.
(economic$or pharmacoeconomic$or price$or 45. 
pricing).ti,ab.
or/40–4546. 
39 and 4647. 
4748. 
limit 48 to english language49. 

Cumulative Index to Nursing and 
Allied Health Literature (CINAHL)
OvidWeb – 1982 to November Week 2 2006. 
Searched 21 November 2006. URL: http://gateway.
ovid.com/athens

This search strategy retrieved 36 records.

Atrioventricular Node/1. 
(av adj2 node adj2 ablat$).ti,ab.2. 
(av adj2 nodal adj2 ablat$).ti,ab.3. 
(atrioventricular adj2 node adj2 ablat$).ti,ab.4. 
(atrioventricular adj2 nodal adj2 ablat$).ti,ab.5. 
(atrio-ventricular adj2 node adj2 ablat$).ti,ab.6. 
(atrio-ventricular adj2 nodal adj2 ablat$).ti,ab.7. 
(a-v adj2 node adj2 ablati$).ti,ab.8. 
(a-v adj2 nodal adj2 ablat$).ti,ab.9. 
Amiodarone/10. 
amiodarone.ti,ab.11. 
cordarone.ti,ab.12. 
exp Anti-Arrhythmia Agents/13. 
antiarrhythmia.ti,ab.14. 
antiarrhythmic.ti,ab.15. 
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Anti-Arrhythmia.ti,ab.16. 
Anti-Arrhythmic.ti,ab.17. 
antifibrillatory.ti,ab.18. 
cardiac depressant$.ti,ab.19. 
myocardial depressant$.ti,ab.20. 
(rate adj2 control$).ti,ab.21. 
(rhythm adj2 control$).ti,ab.22. 
or/1–2223. 
auricular fibrillation$.ti,ab.24. 
Atrial Fibrillation/25. 
Atrial Fibrillation$.ti,ab.26. 
Atrium Fibrillation$.ti,ab.27. 
Atrial Flutter/28. 
auricular flutter$.ti,ab.29. 
Atrial Flutter$.ti,ab.30. 
atrial tachycardia$.ti,ab.31. 
atrial tachyarrhythmia$.ti,ab.32. 
Atrium Tachycardia$.ti,ab.33. 
atrial arrhythmia$.ti,ab.34. 
heart fibrillation$.ti,ab.35. 
tachycardia, atrial/36. 
typical flutter$.ti,ab.37. 
or/24–3738. 
23 and 3839. 
economics/40. 
exp “costs and cost analysis”/41. 
economic value of life/42. 
economics, pharmaceutical/43. 
exp “fees and charges”/44. 
exp budgets/45. 
ec.fs.46. 
(cost or costs or costly or costing$).ti,ab.47. 
(economic$or price$or pricing or 48. 
pharmacoeconomic$).ti,ab.
or/40–4849. 
39 and 4950. 
5051. 
limit 51 to English52. 

Health Economics Evaluation 
Database (HEED)
CD-ROM – November 2006. Searched 21 
November 2006.

This search strategy retrieved 21 records.

atrioventricular node or atrioventricular nodal 
or av node or av nodal or a v node or a v nodal 
or amiodarone or cordarone or antiarrhythmia 
or antiarrhythmic or anti arrhythmia or anti 
arrhythmic or antifibrillatory or cardiac depressant 
or cardiac depressants or myocardial depressant or 
myocardial depressants or rate control or rhythm 
control

AND

auricular fibrillation or atrial fibrillation or atrium 
fibrillation or auricular flutter or atrial flutter or 
atrial tachycardia or atrial tachyarrhythmia or 
atrium tachycardia or atrial arrhythmia or heart 
fibrillation or typical flutter

NHS Economic Evaluation 
Database (NHS EED)
CRD Internal Database – November 2006. 
Searched 21 November 2006.

This search strategy retrieved 21 records.

s atrioventricular node/kwo
s av(2w)node(2w)ablat$
s av(2w)nodal(2w)ablat$
s atrioventricular(2w)node(2w)ablat$
s atrioventricular(2w)nodal(2w)ablat$
s atrio(w)ventricular(2w)node(2w)ablat$
s atrio(w)ventricular(2w)nodal(2w)ablat$
s a(w)v(2w)node(2w)ablati$
s a(w)v(2w)nodal(2w)ablat$
s amiodarone
s cordarone
s antiarrhythmia
s antiarrhythmic
s anti(w)arrhythmia
s anti(w)arrhythmic
s antifibrillatory
s cardiac(w)depressant$
s myocardial(w)depressant$
s rate(2w)control$
s rhythm(2w)control$
s s1 or s2 or s3 or s4 or s5 or s6 or s7 or s8 or s9 or 

s10 or s11 or s12 or s13 or s14 or s15 or s16 or 
s17 or s18 or s19 or s20

s auricular(w)fibrillation$
s atrial(w)fibrillation$
s atrium(w)fibrillation$
s auricular(w)flutter$
s atrial(w)flutter$
s atrial(w)tachycardia$
s atrial(w)tachyarrhythmia$
s atrium(w)tachycardia$
s atrial(w)arrhythmia$
s heart(w)fibrillation$
s typical(w)flutter$
s s22 or s23 or s24 or s25 or s26 or s27 or s28 or 

s29 or s30 or s31 or s32
s s21 and s33
s english/xla
s s34 and s35
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Results of search strategies for studies 
on the cost-effectiveness of selected 
comparators to catheter ablation
A total of 496 unique bibliographic records were 
retrieved (717 before deduplication).

Additional search strategies 
for information to inform the 
decision-analytic model
Quality of life searches
British Nursing Index

OvidWeb – 1994 to September 2006. Searched 
2 October 2006. URL: http://gateway.ovid.com/
athens

This search strategy retrieved four records.

(utilit$approach$or health gain or hui or hui2 1. 
or hui3).ti,ab.
(health measurement$scale$or health 2. 
measurement$questionnaire$).ti,ab.
(standard gamble$or categor$scal$or linear 3. 
scal$or linear analog$or visual scal$or 
magnitude estimat$).ti,ab.
(time trade off$or rosser$classif$or 4. 
rosser$matrix or rosser$distress$or hrqol).ti,ab.
(index of wellbeing or quality of wellbeing or 5. 
qwb).ti,ab.
(multiattribute$health ind$or multi 6. 
attribute$health ind$).ti,ab.
(health utilit$index or health utilit$indices).7. 
ti,ab.
(multiattribute$theor$or multi 8. 
attribute$theor$or multiattribute$analys$or 
multi attribute$analys$).ti,ab.
(health utilit$scale$or classification of illness 9. 
state$).ti,ab.
health state$utilit$.ti,ab.10. 
well year$.ti,ab.11. 
(multiattribute$utilit$or multi attribute$utilit$).12. 
ti,ab.
health utilit$scale$.ti,ab.13. 
(euro qual or euro qol or eq-5d or eq5d or eq 14. 
5d or euroqual or euroqol).ti,ab.
(qualy or qaly or qualys or qalys or quality 15. 
adjusted life year$).ti,ab.
willingness to pay.ti,ab.16. 
(hye or hyes or health$year$equivalent$).ti,ab.17. 
(person trade off$or person tradeoff$or time 18. 
tradeoff$or time trade off$).ti,ab.
theory utilit$.ti,ab.19. 
(sf36 or sf 36).ti,ab.20. 
(short form 36 or shortform 36 or sf thirtysix 21. 
or sf thirty six or shortform thirtysix or 

shortform thirty six or short form thirtysix or 
short form thirty six).ti,ab.
(sf 6d or sf6d or short form 6d or shortform 6d 22. 
or sf six$or shortform six$or short form six$).
ti,ab.
or/1–2223. 
auricular fibrillation$.ti,ab.24. 
Atrial Fibrillation$.ti,ab.25. 
Atrium Fibrillation$.ti,ab.26. 
auricular flutter$.ti,ab.27. 
Atrial Flutter$.ti,ab.28. 
atrial tachycardia$.ti,ab.29. 
atrial tachyarrhythmia$.ti,ab.30. 
Atrium Tachycardia$.ti,ab.31. 
atrial arrhythmia$.ti,ab.32. 
heart fibrillation$.ti,ab.33. 
typical flutter$.ti,ab.34. 
exp heart disorders/35. 
or/24–3536. 
23 and 3637. 

Cumulative Index to Nursing and 
Allied Health Literature (CINAHL)
OvidWeb – 1982 to September Week 4 2006. 
Searched 2 October 2006. URL: http://gateway.
ovid.com/athens

This search strategy retrieved 15 records.

(utilit$approach$or health gain or hui or hui2 1. 
or hui3).ti,ab.
(health measurement$scale$or health 2. 
measurement$questionnaire$).ti,ab.
(standard gamble$or categor$scal$or linear 3. 
scal$or linear analog$or visual scal$or 
magnitude estimat$).ti,ab.
(time trade off$or rosser$classif$or 4. 
rosser$matrix or rosser$distress$or hrqol).ti,ab.
(index of wellbeing or quality of wellbeing or 5. 
qwb).ti,ab.
(multiattribute$health ind$or multi 6. 
attribute$health ind$).ti,ab.
(health utilit$index or health utilit$indices).7. 
ti,ab.
(multiattribute$theor$or multi 8. 
attribute$theor$or multiattribute$analys$or 
multi attribute$analys$).ti,ab.
(health utilit$scale$or classification of illness 9. 
state$).ti,ab.
health state$utilit$.ti,ab.10. 
well year$.ti,ab.11. 
(multiattribute$utilit$or multi attribute$utilit$).12. 
ti,ab.
health utilit$scale$.ti,ab.13. 
(euro qual or euro qol or eq-5d or eq5d or eq 14. 
5d or euroqual or euroqol).ti,ab.
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(qualy or qaly or qualys or qalys or quality 15. 
adjusted life year$).ti,ab.
willingness to pay.ti,ab.16. 
(hye or hyes or health$year$equivalent$).ti,ab.17. 
(person trade off$or person tradeoff$or time 18. 
tradeoff$or time trade off$).ti,ab.
theory utilit$.ti,ab.19. 
(sf36 or sf 36).ti,ab.20. 
(short form 36 or shortform 36 or sf thirtysix 21. 
or sf thirty six or shortform thirtysix or 
shortform thirty six or short form thirtysix or 
short form thirty six).ti,ab.
(sf 6d or sf6d or short form 6d or shortform 6d 22. 
or sf six$or shortform six$or short form six$).
ti,ab.
or/1–2223. 
auricular fibrillation$.ti,ab.24. 
Atrial Fibrillation/25. 
Atrial Fibrillation$.ti,ab.26. 
Atrium Fibrillation$.ti,ab.27. 
Atrial Flutter/28. 
auricular flutter$.ti,ab.29. 
Atrial Flutter$.ti,ab.30. 
atrial tachycardia$.ti,ab.31. 
atrial tachyarrhythmia$.ti,ab.32. 
Atrium Tachycardia$.ti,ab.33. 
atrial arrhythmia$.ti,ab.34. 
heart fibrillation$.ti,ab.35. 
typical flutter$.ti,ab.36. 
tachycardia, atrial/37. 
or/24–3738. 
23 and 3839. 

EMBASE
OvidWeb – 1980 to 2006 Week 39. Searched 2 
October 2006. URL: http://gateway.ovid.com/
athens

This search strategy retrieved 116 records.

(utilit$approach$or health gain or hui or hui2 1. 
or hui3).ti,ab.
(health measurement$scale$or health 2. 
measurement$questionnaire$).ti,ab.
(standard gamble$or categor$scal$or linear 3. 
scal$or linear analog$or visual scal$or 
magnitude estimat$).ti,ab.
(time trade off$or rosser$classif$or 4. 
rosser$matrix or rosser$distress$or hrqol).ti,ab.
(index of wellbeing or quality of wellbeing or 5. 
qwb).ti,ab.
(multiattribute$health ind$or multi 6. 
attribute$health ind$).ti,ab.
(health utilit$index or health utilit$indices).7. 
ti,ab.

(multiattribute$theor$or multi 8. 
attribute$theor$or multiattribute$analys$or 
multi attribute$analys$).ti,ab.
(health utilit$scale$or classification of illness 9. 
state$).ti,ab.
health state$utilit$.ti,ab.10. 
well year$.ti,ab.11. 
(multiattribute$utilit$or multi attribute$utilit$).12. 
ti,ab.
health utilit$scale$.ti,ab.13. 
(euro qual or euro qol or eq-5d or eq5d or eq 14. 
5d or euroqual or euroqol).ti,ab.
(qualy or qaly or qualys or qalys or quality 15. 
adjusted life year$).ti,ab.
willingness to pay.ti,ab.16. 
(hye or hyes or health$year$equivalent$).ti,ab.17. 
(person trade off$or person tradeoff$or time 18. 
tradeoff$or time trade off$).ti,ab. 19 theory 
utilit$.ti,ab.
(sf36 or sf 36).ti,ab.19. 
(short form 36 or shortform 36 or sf thirtysix 20. 
or sf thirty six or shortform thirtysix or 
shortform thirty six or short form thirtysix or 
short form thirty six).ti,ab.
(sf 6d or sf6d or short form 6d or shortform 6d 21. 
or sf six$or shortform six$or short form six$).
ti,ab.
or/1–2222. 
auricular fibrillation.ti,ab.23. 
Atrial Fibrillation/24. 
Atrial Fibrillation$.ti,ab.25. 
Heart Atrium Fibrillation/26. 
Atrium Fibrillation.ti,ab.27. 
Atrial Flutter/28. 
auricular flutter.ti,ab.29. 
Atrial Flutter.ti,ab.30. 
atrial tachycardia.ti,ab.31. 
atrial tachyarrhythmia$.ti,ab.32. 
exp Tachycardia, Supraventricular/33. 
Supraventricular Tachycardia$.ti,ab.34. 
Supraventricular Tachycardia/35. 
Atrium Tachycardia.ti,ab.36. 
cardiac arrhythmia$.ti,ab.37. 
atrioventricular junction$.ti,ab.38. 
atrial arrhythmia$.ti,ab.39. 
supraventricular arrhythmia$.ti,ab.40. 
premature cardiac complex$.ti,ab.41. 
atrial premature complex$.ti,ab.42. 
paroxysmal tachycardia$.ti,ab.43. 
heart arrhythmia$.ti,ab.44. 
atrium arrhythmia$.ti,ab.45. 
heart fibrillation$.ti,ab.46. 
Arrhythmia/47. 
or/24–4848. 
23 and 4949. 
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Health Management Information 
Consortium (HMIC)
OvidWeb – September 2006. Searched 2 October 
2006. URL: http://gateway.ovid.com/athens

This search strategy retrieved five records.

(utilit$approach$or health gain or hui or hui2 1. 
or hui3).ti,ab.
(health measurement$scale$or health 2. 
measurement$questionnaire$).ti,ab.
(standard gamble$or categor$scal$or linear 3. 
scal$or linear analog$or visual scal$or 
magnitude estimat$).ti,ab.
(time trade off$or rosser$classif$or 4. 
rosser$matrix or rosser$distress$or hrqol).ti,ab.
(index of wellbeing or quality of wellbeing or 5. 
qwb).ti,ab.
(multiattribute$health ind$or multi 6. 
attribute$health ind$).ti,ab.
(health utilit$index or health utilit$indices).7. 
ti,ab.
(multiattribute$theor$or multi 8. 
attribute$theor$or multiattribute$analys$or 
multi attribute$analys$).ti,ab.
(health utilit$scale$or classification of illness 9. 
state$).ti,ab.
health state$utilit$.ti,ab.10. 
well year$.ti,ab.11. 
(multiattribute$utilit$or multi attribute$utilit$).12. 
ti,ab.
health utilit$scale$.ti,ab.13. 
(euro qual or euro qol or eq-5d or eq5d or eq 14. 
5d or euroqual or euroqol).ti,ab.
(qualy or qaly or qualys or qalys or quality 15. 
adjusted life year$).ti,ab.
willingness to pay.ti,ab.16. 
(hye or hyes or health$year$equivalent$).ti,ab.17. 
(person trade off$or person tradeoff$or time 18. 
tradeoff$or time trade off$).ti,ab.
theory utilit$.ti,ab.19. 
(sf36 or sf 36).ti,ab.20. 
(short form 36 or shortform 36 or sf thirtysix 21. 
or sf thirty six or shortform thirtysix or 
shortform thirty six or short form thirtysix or 
short form thirty six).ti,ab.
(sf 6d or sf6d or short form 6d or shortform 6d 22. 
or sf six$or shortform six$or short form six$).
ti,ab.
or/1–2223. 
exp arrhythmia/24. 
auricular fibrillation$.ti,ab.25. 
Atrial Fibrillation$.ti,ab.26. 
Atrium Fibrillation$.ti,ab.27. 
auricular flutter$.ti,ab.28. 
Atrial Flutter$.ti,ab.29. 

atrial tachycardia$.ti,ab.30. 
atrial tachyarrhythmia$.ti,ab.31. 
Atrium Tachycardia$.ti,ab.32. 
atrial arrhythmia$.ti,ab.33. 
heart fibrillation$.ti,ab.34. 
typical flutter$.ti,ab.35. 
or/24–3536. 
23 and 3637. 

MEDLINE
OvidWeb – 1996 to September Week 3 2006. 
Searched 2 October 2006. URL: http://gateway.
ovid.com/athens

This search strategy retrieved 73 records.

auricular fibrillation$.ti,ab.1. 
Atrial Fibrillation/2. 
Atrial Fibrillation$.ti,ab.3. 
Atrium Fibrillation$.ti,ab.4. 
Atrial Flutter/5. 
auricular flutter$.ti,ab.6. 
Atrial Flutter$.ti,ab.7. 
atrial tachycardia$.ti,ab.8. 
atrial tachyarrhythmia$.ti,ab.9. 
Atrium Tachycardia$.ti,ab.10. 
atrial arrhythmia$.ti,ab.11. 
heart fibrillation$.ti,ab.12. 
tachycardia, ectopic atrial/13. 
typical flutter$.ti,ab.14. 
or/1–1415. 
(utilit$approach$or health gain or hui or hui2 16. 
or hui3).ti,ab.
(health measurement$scale$or health 17. 
measurement$questionnaire$).ti,ab.
(standard gamble$or categor$scal$or linear 18. 
scal$or linear analog$or visual scal$or 
magnitude estimat$).ti,ab.
(time trade off$or rosser$classif$or 19. 
rosser$matrix or rosser$distress$or hrqol).ti,ab.
(index of wellbeing or quality of wellbeing or 20. 
qwb).ti,ab.
(multiattribute$health ind$or multi 21. 
attribute$health ind$).ti,ab.
(health utilit$index or health utilit$indices).22. 
ti,ab.
(multiattribute$theor$or multi 23. 
attribute$theor$or multiattribute$analys$or 
multi attribute$analys$).ti,ab.
(health utilit$scale$or classification of illness 24. 
state$).ti,ab.
health state$utilit$.ti,ab.25. 
well year$.ti,ab.26. 
(multiattribute$utilit$or multi attribute$utilit$).27. 
ti,ab.
health utilit$scale$.ti,ab.28. 
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(euro qual or euro qol or eq-5d or eq5d or eq 29. 
5d or euroqual or euroqol).ti,ab.
(qualy or qaly or qualys or qalys or quality 30. 
adjusted life year$).ti,ab.
willingness to pay.ti,ab.31. 
(hye or hyes or health$year$equivalent$).ti,ab.32. 
(person trade off$or person tradeoff$or time 33. 
tradeoff$or time trade off$).ti,ab.
theory utilit$.ti,ab.34. 
(sf36 or sf 36).ti,ab.35. 
(short form 36 or shortform 36 or sf thirtysix 36. 
or sf thirty six or shortform thirtysix or 
shortform thirty six or short form thirtysix or 
short form thirty six).ti,ab.
(sf 6d or sf6d or short form 6d or shortform 6d 37. 
or sf six$or shortform six$or short form six$).
ti,ab.
or/16–3738. 
15 and 3839. 

MEDLINE(R) In-process and 
other non-indexed citations
OvidWeb – 29 September 2006. Searched 2 
October 2006. URL: http://gateway.ovid.com/
athens

This search strategy retrieved three records.

(utilit$approach$or health gain or hui or hui2 1. 
or hui3).ti,ab.
(health measurement$scale$or health 2. 
measurement$questionnaire$).ti,ab.
(standard gamble$or categor$scal$or linear 3. 
scal$or linear analog$or visual scal$or 
magnitude estimat$).ti,ab.
(time trade off$or rosser$classif$or 4. 
rosser$matrix or rosser$distress$or hrqol).ti,ab.
(index of wellbeing or quality of wellbeing or 5. 
qwb).ti,ab.
(multiattribute$health ind$or multi 6. 
attribute$health ind$).ti,ab.
(health utilit$index or health utilit$indices).7. 
ti,ab.
(multiattribute$theor$or multi 8. 
attribute$theor$or multiattribute$analys$or 
multi attribute$analys$).ti,ab.
(health utilit$scale$or classification of illness 9. 
state$).ti,ab.
health state$utilit$.ti,ab.10. 
well year$.ti,ab.11. 
(multiattribute$utilit$or multi attribute$utilit$).12. 
ti,ab.
health utilit$scale$.ti,ab.13. 
(euro qual or euro qol or eq-5d or eq5d or eq 14. 
5d or euroqual or euroqol).ti,ab.

(qualy or qaly or qualys or qalys or quality 15. 
adjusted life year$).ti,ab.
willingness to pay.ti,ab.16. 
(hye or hyes or health$year$equivalent$).ti,ab.17. 
(person trade off$or person tradeoff$or time 18. 
tradeoff$or time trade off$).ti,ab.
theory utilit$.ti,ab.19. 
(sf36 or sf 36).ti,ab.20. 
(short form 36 or shortform 36 or sf thirtysix 21. 
or sf thirty six or shortform thirtysix or 
shortform thirty six or short form thirtysix or 
short form thirty six).ti,ab.
(sf 6d or sf6d or short form 6d or shortform 6d 22. 
or sf six$or shortform six$or short form six$).
ti,ab.
or/1–2223. 
auricular fibrillation.ti,ab.24. 
Atrial Fibrillation$.ti,ab.25. 
Atrium Fibrillation.ti,ab.26. 
auricular flutter.ti,ab.27. 
Atrial Flutter.ti,ab.28. 
atrial tachycardia.ti,ab.29. 
atrial tachyarrhythmia$.ti,ab.30. 
Supraventricular Tachycardia$.ti,ab.31. 
Atrium Tachycardia.ti,ab.32. 
cardiac arrhythmia$.ti,ab.33. 
atrioventricular junction$.ti,ab.34. 
atrial arrhythmia$.ti,ab.35. 
supraventricular arrhythmia$.ti,ab.36. 
premature cardiac complex$.ti,ab.37. 
atrial premature complex$.ti,ab.38. 
paroxysmal tachycardia$.ti,ab.39. 
heart arrhythmia$.ti,ab.40. 
atrium arrhythmia$.ti,ab.41. 
heart fibrillation$.ti,ab.42. 
or/24–4243. 
23 and 4344. 

PsycINFO
OvidWeb – 1982 to September Week 4 2006. 
Searched 2 October 2006. URL: http://gateway.
ovid.com/athens

This search strategy retrieved four records.

(utilit$approach$or health gain or hui or hui2 1. 
or hui3).ti,ab.
(health measurement$scale$or health 2. 
measurement$questionnaire$).ti,ab.
(standard gamble$or categor$scal$or linear 3. 
scal$or linear analog$or visual scal$or 
magnitude estimat$).ti,ab.
(time trade off$or rosser$classif$or 4. 
rosser$matrix or rosser$distress$or hrqol).ti,ab.
(index of wellbeing or quality of wellbeing or 5. 
qwb).ti,ab.
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(multiattribute$health ind$or multi 6. 
attribute$health ind$).ti,ab.
(health utilit$index or health utilit$indices).7. 
ti,ab.
(multiattribute$theor$or multi 8. 
attribute$theor$or multiattribute$analys$or 
multi attribute$analys$).ti,ab.
(health utilit$scale$or classification of illness 9. 
state$).ti,ab.
health state$utilit$.ti,ab.10. 
well year$.ti,ab.11. 
(multiattribute$utilit$or multi attribute$utilit$).12. 
ti,ab.
health utilit$scale$.ti,ab.13. 
(euro qual or euro qol or eq-5d or eq5d or eq 14. 
5d or euroqual or euroqol).ti,ab.
(qualy or qaly or qualys or qalys or quality 15. 
adjusted life year$).ti,ab.
willingness to pay.ti,ab.16. 
(hye or hyes or health$year$equivalent$).ti,ab.17. 
(person trade off$or person tradeoff$or time 18. 
tradeoff$or time trade off$).ti,ab.
theory utilit$.ti,ab.19. 
(sf36 or sf 36).ti,ab.20. 
(short form 36 or shortform 36 or sf thirtysix 21. 
or sf thirty six or shortform thirtysix or 
shortform thirty six or short form thirtysix or 
short form thirty six).ti,ab.
(sf 6d or sf6d or short form 6d or shortform 6d 22. 
or sf six$or shortform six$or short form six$).
ti,ab.
or/1–2223. 
exp arrhythmia/24. 
auricular fibrillation$.ti,ab.25. 
Atrial Fibrillation$.ti,ab.26. 
Atrium Fibrillation$.ti,ab.27. 
auricular flutter$.ti,ab.28. 
Atrial Flutter$.ti,ab.29. 
atrial tachycardia$.ti,ab.30. 
atrial tachyarrhythmia$.ti,ab.31. 
Atrium Tachycardia$.ti,ab.32. 
atrial arrhythmia$.ti,ab.33. 
heart fibrillation$.ti,ab.34. 
typical flutter$.ti,ab.35. 
or/24–3536. 
23 and 3637. 

Results of additional quality of life 
search strategies for information to 
inform the decision-analytic model
A total of 131 unique bibliographic records were 
retrieved (220 before deduplication).

Searches for prognosis studies
Cumulative Index to Nursing and 
Allied Health Literature (CINAHL)
OvidWeb – 1982 to February Week 2 2007. 
Searched 16 February 2007. URL: http://gateway.
ovid.com/athens

This search strategy retrieved 41 records.

life expectancy/1. 
life expectancy.ti,ab.2. 
years of life lost.ti,ab.3. 
Survival/4. 
prognosis/5. 
exp mortality/6. 
prognos$.ti.7. 
death.ti,ab.8. 
mortality.ti,ab.9. 
long-term.ti.10. 
survival.ti,ab.11. 
follow up.ti.12. 
stroke.ti,ab.13. 
Cerebral Vascular Accident/14. 
(restoration adj2 sinus rhythm).ti,ab.15. 
(normal sinus adj2 rhythm$).ti,ab.16. 
(rhythm adj2 control$).ti,ab.17. 
nsr.ti,ab.18. 
auricular fibrillation$.ti,ab.19. 
Atrial Fibrillation/20. 
Atrial Fibrillation$.ti,ab.21. 
Atrium Fibrillation$.ti,ab.22. 
Atrial Flutter/23. 
auricular flutter$.ti,ab.24. 
Atrial Flutter$.ti,ab.25. 
atrial tachycardia$.ti,ab.26. 
atrial tachyarrhythmia$.ti,ab.27. 
Atrium Tachycardia$.ti,ab.28. 
atrial arrhythmia$.ti,ab.29. 
heart fibrillation$.ti,ab.30. 
tachycardia, atrial/31. 
typical flutter$.ti,ab.32. 
or/19–3233. 
or/1–1434. 
or/15–1835. 
33 and 34 and 3536. 
limit 36 to english37. 

EMBASE
OvidWeb – 1996 to 2007 Week 6. Searched 16 
February 2007. URL: http://gateway.ovid.com/
athens

This search strategy retrieved 316 records.
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life expectancy/1. 
life expectancy.ti,ab.2. 
years of life lost.ti,ab.3. 
Survival/4. 
Survival Rate/5. 
prognosis/6. 
mortality/7. 
prognos$.ti.8. 
death.ti,ab.9. 
mortality.ti,ab.10. 
long-term.ti.11. 
survival.ti,ab.12. 
follow up.ti.13. 
stroke.ti,ab.14. 
Stroke/15. 
*follow-up/16. 
(restoration adj2 sinus rhythm).ti,ab.17. 
(normal sinus adj2 rhythm$).ti,ab.18. 
(rhythm adj2 control$).ti,ab.19. 
nsr.ti,ab.20. 
or/17–2021. 
auricular fibrillation.ti,ab.22. 
Atrial Fibrillation/23. 
Atrial Fibrillation$.ti,ab.24. 
Heart Atrium Fibrillation/25. 
Atrium Fibrillation.ti,ab.26. 
Atrial Flutter/27. 
auricular flutter.ti,ab.28. 
Atrial Flutter.ti,ab.29. 
atrial tachycardia.ti,ab.30. 
atrial tachyarrhythmia$.ti,ab.31. 
exp Tachycardia, Supraventricular/32. 
Supraventricular Tachycardia$.ti,ab.33. 
Supraventricular Tachycardia/34. 
Atrium Tachycardia.ti,ab.35. 
cardiac arrhythmia$.ti,ab.36. 
atrioventricular junction$.ti,ab.37. 
atrial arrhythmia$.ti,ab.38. 
supraventricular arrhythmia$.ti,ab.39. 
premature cardiac complex$.ti,ab.40. 
atrial premature complex$.ti,ab.41. 
paroxysmal tachycardia$.ti,ab.42. 
heart arrhythmia$.ti,ab.43. 
atrium arrhythmia$.ti,ab.44. 
heart fibrillation$.ti,ab.45. 
Arrhythmia/46. 
or/22–4647. 
or/1–1648. 
21 and 47 and 4849. 
limit 49 to english language50. 

MEDLINE
OvidWeb – 1996 to February Week 1 2007. 
Searched 16 February 2007. URL: http://gateway.
ovid.com/athens

This search strategy retrieved 263 records.

auricular fibrillation$.ti,ab.1. 
Atrial Fibrillation/2. 
Atrial Fibrillation$.ti,ab.3. 
Atrium Fibrillation$.ti,ab.4. 
Atrial Flutter/5. 
auricular flutter$.ti,ab.6. 
Atrial Flutter$.ti,ab.7. 
atrial tachycardia$.ti,ab.8. 
atrial tachyarrhythmia$.ti,ab.9. 
Atrium Tachycardia$.ti,ab.10. 
atrial arrhythmia$.ti,ab.11. 
heart fibrillation$.ti,ab.12. 
tachycardia, ectopic atrial/13. 
typical flutter$.ti,ab.14. 
or/1–1415. 
life expectancy/16. 
life expectancy.ti,ab.17. 
years of life lost.ti,ab.18. 
Survival/19. 
Survival Rate/20. 
prognosis/21. 
prognos$.ti.22. 
death.ti,ab.23. 
mortality.ti,ab.24. 
long-term.ti.25. 
survival analysis/26. 
survival.ti,ab.27. 
follow up.ti.28. 
stroke.ti,ab.29. 
Cerebrovascular Accident/30. 
*follow-up studies/31. 
mortality/32. 
(restoration adj2 sinus rhythm).ti,ab.33. 
(normal sinus adj2 rhythm$).ti,ab.34. 
(rhythm adj2 control$).ti,ab.35. 
nsr.ti,ab.36. 
or/16–3237. 
or/33–3638. 
15 and 37 and 3839. 
limit 39 to english language40. 

MEDLINE(R) In-process and 
other non-indexed citations
OvidWeb – 15 February 2007. Searched 16 
February 2007. URL: http://gateway.ovid.com/
athens

This search strategy retrieved 14 records.

auricular fibrillation$.ti,ab.1. 
Atrial Fibrillation$.ti,ab.2. 
Atrium Fibrillation$.ti,ab.3. 
auricular flutter$.ti,ab.4. 
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Atrial Flutter$.ti,ab.5. 
atrial tachycardia$.ti,ab.6. 
atrial tachyarrhythmia$.ti,ab.7. 
Atrium Tachycardia$.ti,ab.8. 
atrial arrhythmia$.ti,ab.9. 
heart fibrillation$.ti,ab.10. 
typical flutter$.ti,ab.11. 
or/1–1112. 
life expectancy.ti,ab.13. 
years of life lost.ti,ab.14. 
prognos$.ti.15. 
death.ti,ab.16. 
mortality.ti,ab.17. 
long-term.ti.18. 
survival.ti,ab.19. 
follow up.ti.20. 

stroke.ti,ab.21. 
(restoration adj2 sinus rhythm).ti,ab.22. 
(normal sinus adj2 rhythm$).ti,ab.23. 
(rhythm adj2 control$).ti,ab.24. 
nsr.ti,ab.25. 
or/22–2526. 
or/16–2127. 
12 and 26 and 2728. 
limit 40 to english language29. 

Results of additional searches 
for prognosis studies to inform 
the decision-analytic model
A total of 384 unique bibliographic records were 
retrieved (634 before deduplication).
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Appendix 2  

Quality assessment of included studies

The following criteria were used to rate the quality of included studies. Criteria could be scored ‘Yes’, ‘No’, 
‘Unclear’ or ‘Not applicable (NA)’.

1 Was the number of participants randomised stated?

2 Was the method of randomisation appropriate?

3 Was allocation concealment adequate?

4 Were the treatment groups comparable at baseline?

5 Was the study reported as being at least double blind?

6 Were patients blinded?

7 Were outcome assessors blinded?

8 Were care givers blinded?

9 Was the study conducted at a ‘pioneering’ catheter ablation centre?

10 Was an a priori power calculation for adequate sample size performed?

11 Were selection/eligibility criteria adequately reported?

12 Was the selected population representative of that seen in normal practice?

13 Was an appropriate measure of variability reported?

14 Was loss to follow-up reported or explained?

15 Were at least 90% of those included at baseline followed up?

16 Were patients recruited prospectively?

17 Were patients recruited consecutively?

18 Did the study report relevant prognostic factors?

Controlled study quality rating
Excellent: the answer is ‘Yes’ to all of the following criteria: 1–5, 7, 10–18.
Good: the answer is ‘Yes’ to all of the following criteria: 1, 2, 4, 7, 11–16, 18.
Satisfactory: the answer is ‘Yes’ to all of the following criteria: 1, 4, 11, 13, 14, 16.
Poor: the answer is not ‘Yes’ to one or more of the criteria listed for ‘Satisfactory’.

Case series quality rating
Good: the answer is ‘Yes’ to all of the following criteria: 11–18
Satisfactory: the answer is ‘Yes’ to all of the following criteria: 12, 14–17
Poor: the answer is not ‘Yes’ to one or more of the criteria listed for ‘Satisfactory’.
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Appendix 3  

Review of clinical effectiveness
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Appendix 3.3: Intervention details: atrial fibrillation case series

Study Intervention
Ablation 
technique Catheter size

Mapping 
technique

How was 
end point of 
procedure 
defined?

PVs 
ablated, 
mean (SD) Other details

Were AADs 
discontinued 
before RFCA?

Return to 
AADs as part 
of treatment?

Anti-
coagulant

Length on 
anticoagulant

Berkowitsch 
et al., 200571

RFCA Segmental PV 
isolation

7Fr Chilli Cooled 
Ablation System® 
(Cardiac Pathways)
cooled-tip catheter

10-pole Lasso 
catheter

NR 3.4 RF energy delivered at PV ostium Unclear Unclear NR

Bertaglia et 
al., 200573

Circumferential 
anatomical PV 
ablation

CPVA 3.5-mm cooled-tip 
catheter

Non-fluoroscopic 
navigation system 
(CARTO)

Low peak-to-peak 
bipolar potentials 
(< 0.1 mV) inside 
the lesion

3.8 (0.7) Contiguous focal lesions ≥ 5 mm 
from ostia of PVs; some patients 
had additional cavotricuspid isthmus 
lesions and mitral isthmus lesions

No Yes NR

Beukema et 
al., 200575

Circumferential PV 
isolation and LA 
ablation

CPVA 8-mm tip 
deflectable or 3.5-
mm irrigated tip

Quadripolar 
deflectable 
navigation catheter 
(NAVI-STAR) and 
non-fluoroscopic 
navigation system 
(CARTO)

Completion of 
ablation lines and 
bipolar electrogram 
amplitude 0.5 mV 
or less in encircled 
areas

Left- and right-sided PVs encircled 
with continuous RF ablation lines, 
ablation line created as far from 
ostia as anatomy allowed; in 42 
patients also ablation line from left 
circumferential region to mitral 
annulus; also other variations

No Yes Heparin 3 months 
(heparin 
3 days, then 
acenocoumarol)

Bhargava et 
al., 200477

PV isolation Segmental PV 
isolation

4-mm cooled-tip 
catheter

Circular decapolar 
mapping catheter 
(Lasso)

NR The SVC was also isolated in patients 
in whom mapping demonstrated 
potentials similar to those recorded 
in the PVs

Yes Unclear Heparin 3 months (on 
warfarin)

Bourke et al., 
200566

PV ablation Segmental PV 
isolation

Steerable 4-mm tip 
ablation catheters

PV–left atrial 
angiograms (first 
half of series); 
angiography 
and LocaLisa® 
(Medtronic)
intracardiac 
navigation system 
(second half of 
series)

Successful isolation 
of the culprit veins 
or see comments

2.41 (0.79) Later in the series, in patients 
resistant to cardioversion despite 
PV ablation, lines were drawn to 
block conduction between the mitral 
annulus and left lower PV ostium and 
between ostia of the right and left 
upper veins

Unclear Yes Warfarin Minimum 
3 months 
(persistent AF)

Cha et al., 
200580

Wide area 
circumferential or 
Lasso-guided PV 
isolation

CPVA NR NR NR Unclear Unclear NR

Chen et al., 
200482

PV isolation Segmental PV 
isolation

Cooled-tip ablation 
catheter

Angiography 
(56 patients); 
intracardiac 
echocardiography 
(321 patients); 
10Fr 64-element 
phased-array 
ultrasound imaging 
catheter and a 
decapolar Lasso 
catheter

Abolition of all 
PV potentials 
as measured by 
circular mapping 
catheter

35 patients underwent isthmus 
ablation for concomitant typical atrial 
flutter during the PVI procedure

Yes Unclear

Daoud et al., 
200667

Circumferential LA 
ablation

CPVA 8-mm tip 
temperature-
controlled catheter

Electroanatomic 
mapping (CARTO)

Completion of 
planned lesions

Create ablation lesions in LA to 
encircle right and left PV ostia, 
connect encircling lesions along 
posterior wall, create line of ablation 
between left-side lesions and lateral 
aspect of mitral valve annulus, lesion 
line between tricuspid valve and 
inferior vena cava

Yes Yes Other Fragmin 
(Pharmacia), 
coumadin, 
aspirin, not 
stated how long

Deisenhofer 
et al., 200484

Segmental electrical 
isolation of PVs

Segmental PV 
isolation

NR Decapolar circular 
Lasso catheter

Electrical isolation 
of PVs

3.4 Unclear Unclear

continued
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Appendix 3.3: Intervention details: atrial fibrillation case series

Study Intervention
Ablation 
technique Catheter size

Mapping 
technique

How was 
end point of 
procedure 
defined?

PVs 
ablated, 
mean (SD) Other details

Were AADs 
discontinued 
before RFCA?

Return to 
AADs as part 
of treatment?

Anti-
coagulant

Length on 
anticoagulant

Berkowitsch 
et al., 200571

RFCA Segmental PV 
isolation

7Fr Chilli Cooled 
Ablation System® 
(Cardiac Pathways)
cooled-tip catheter

10-pole Lasso 
catheter

NR 3.4 RF energy delivered at PV ostium Unclear Unclear NR

Bertaglia et 
al., 200573

Circumferential 
anatomical PV 
ablation

CPVA 3.5-mm cooled-tip 
catheter

Non-fluoroscopic 
navigation system 
(CARTO)

Low peak-to-peak 
bipolar potentials 
(< 0.1 mV) inside 
the lesion

3.8 (0.7) Contiguous focal lesions ≥ 5 mm 
from ostia of PVs; some patients 
had additional cavotricuspid isthmus 
lesions and mitral isthmus lesions

No Yes NR

Beukema et 
al., 200575

Circumferential PV 
isolation and LA 
ablation

CPVA 8-mm tip 
deflectable or 3.5-
mm irrigated tip

Quadripolar 
deflectable 
navigation catheter 
(NAVI-STAR) and 
non-fluoroscopic 
navigation system 
(CARTO)

Completion of 
ablation lines and 
bipolar electrogram 
amplitude 0.5 mV 
or less in encircled 
areas

Left- and right-sided PVs encircled 
with continuous RF ablation lines, 
ablation line created as far from 
ostia as anatomy allowed; in 42 
patients also ablation line from left 
circumferential region to mitral 
annulus; also other variations

No Yes Heparin 3 months 
(heparin 
3 days, then 
acenocoumarol)

Bhargava et 
al., 200477

PV isolation Segmental PV 
isolation

4-mm cooled-tip 
catheter

Circular decapolar 
mapping catheter 
(Lasso)

NR The SVC was also isolated in patients 
in whom mapping demonstrated 
potentials similar to those recorded 
in the PVs

Yes Unclear Heparin 3 months (on 
warfarin)

Bourke et al., 
200566

PV ablation Segmental PV 
isolation

Steerable 4-mm tip 
ablation catheters

PV–left atrial 
angiograms (first 
half of series); 
angiography 
and LocaLisa® 
(Medtronic)
intracardiac 
navigation system 
(second half of 
series)

Successful isolation 
of the culprit veins 
or see comments

2.41 (0.79) Later in the series, in patients 
resistant to cardioversion despite 
PV ablation, lines were drawn to 
block conduction between the mitral 
annulus and left lower PV ostium and 
between ostia of the right and left 
upper veins

Unclear Yes Warfarin Minimum 
3 months 
(persistent AF)

Cha et al., 
200580

Wide area 
circumferential or 
Lasso-guided PV 
isolation

CPVA NR NR NR Unclear Unclear NR

Chen et al., 
200482

PV isolation Segmental PV 
isolation

Cooled-tip ablation 
catheter

Angiography 
(56 patients); 
intracardiac 
echocardiography 
(321 patients); 
10Fr 64-element 
phased-array 
ultrasound imaging 
catheter and a 
decapolar Lasso 
catheter

Abolition of all 
PV potentials 
as measured by 
circular mapping 
catheter

35 patients underwent isthmus 
ablation for concomitant typical atrial 
flutter during the PVI procedure

Yes Unclear

Daoud et al., 
200667

Circumferential LA 
ablation

CPVA 8-mm tip 
temperature-
controlled catheter

Electroanatomic 
mapping (CARTO)

Completion of 
planned lesions

Create ablation lesions in LA to 
encircle right and left PV ostia, 
connect encircling lesions along 
posterior wall, create line of ablation 
between left-side lesions and lateral 
aspect of mitral valve annulus, lesion 
line between tricuspid valve and 
inferior vena cava

Yes Yes Other Fragmin 
(Pharmacia), 
coumadin, 
aspirin, not 
stated how long

Deisenhofer 
et al., 200484

Segmental electrical 
isolation of PVs

Segmental PV 
isolation

NR Decapolar circular 
Lasso catheter

Electrical isolation 
of PVs

3.4 Unclear Unclear

continued
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Study Intervention
Ablation 
technique Catheter size

Mapping 
technique

How was 
end point of 
procedure 
defined?

PVs 
ablated, 
mean (SD) Other details

Were AADs 
discontinued 
before RFCA?

Return to 
AADs as part 
of treatment?

Anti-
coagulant

Length on 
anticoagulant

Della Bella et 
al., 200568

PV isolation Segmental PV 
isolation

Conventional 
or irrigated-tip 
catheter

Lasso catheter 
(Biosense Webster)

Disconnection of 
PVs

Additional CTI ablation was 
performed in 20 patients with 
documented atrial flutter

Yes Yes 2 months

Dong et al., 
200587

CPVA CPVA Cool saline 
irrigated catheter

3D (CARTO or 
NavX) and circular 
PV mapping 
catheter

Electrical isolation 
of PVs validated by 
circular mapping 
catheter

Yes Yes Warfarin 3 months

SPVA Segmental PV 
isolation

NR Circular PV 
mapping catheter

Electrical isolation 
of PVs validated by 
circular mapping 
catheter

Haissaguerre approach Yes Yes Warfarin 3 months

Ernst et al., 
200389

Ostial PV isolation Segmental PV 
isolation

4-mm solid-tip 
NAVI-STAR or 
4-mm Celsius™ 
(BioSense Webster)

Electroanatomic 
mapping system 
(CARTO)

NR Target ablation catheter tip 
temperature limited to 53°C using 
maximum power of 45 W. Care was 
taken to avoid dislodging from the 
ostium into the target vein

Unclear Unclear Heparin 3 months

Ostial PV isolation Segmental PV 
isolation

4-mm solid-tip 
NAVI-STAR or 
4-mm Celsius

Circular PV 
catheter

NR Target ablation catheter tip 
temperature limited to 48°C using 
maximum power of 30 W. Care was 
taken to avoid dislodging from the 
ostium into the target vein

Unclear Unclear Heparin 3 months

Essebag et al., 
200591

PV isolation Segmental PV 
isolation

10- to 14-pole 
circumferential 
catheter

TOE or ICE; non-
irrigated NAVI-
STAR catheter 
and CARTO and/
or EnSite NavX 
recording systems

Complete 
bidirectional 
electrical PV 
isolation

RF ablation outside the PV ostium 
near sites with the earliest PV 
electrograms; all PVs isolated – 
afterwards induction of AF attempted 
by burst pacing, isoproterenol used 
to assess triggers and reconnection; 
if reconnection observed, vein 
reisolated

Unclear Unclear Heparin 6 months 
(warfarin), aspirin 
at least 1 month

Fassini et al., 
200593

PV disconnection 
(PVD)

Segmental PV 
isolation

Irrigated-tip 
catheter [Cordis 
Thermocool 
(Cordis Webster)]

Circular mapping 
catheter (Lasso)

Disconnection of 
the PVs

Unclear Yes Heparin 3 months

PVD plus mitral 
isthmus line (MIL)

Segmental PV 
isolation

Irrigated-tip 
catheter (Cordis 
Thermocool)

Circular mapping 
catheter (Lasso)

Disconnection 
of the PVs and 
bidirectional block 
along the mitral 
isthmus

Unclear Yes Heparin 3 months

Herweg et al., 
200595

Ultrasound 
and local 
electrographic-
guided PV–left 
atrial disconnection

Segmental PV 
isolation

4-mm tip 10- or 20-pole 
circumferential 
mapping catheter 
(Lasso) guided 
by intracardiac 
ultrasound

Complete loss of 
all PV potentials on 
the Lasso

PV–LA junction proximal to the 
earliest bipolar PV recording site 
targeted for ablation

No Yes Heparin 1–6 months

Hindricks et 
al., 200597

RFCA Combination of 
approaches

Standard 
multielectrode 
catheters

Electroanatomic 
mapping (CARTO)

Completion of 
proposed linear and 
circular lesions

Ablation performed during sinus 
rhythm; circumferential lesions 
around left and right PVs > 5 mm 
from the orifices; plus two linear 
lesions: one connecting circular 
lesions and one connecting left 
circular lesion with mitral annulus

Unclear Yes Heparin Oral, at least 
3 months

continued
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Study Intervention
Ablation 
technique Catheter size

Mapping 
technique

How was 
end point of 
procedure 
defined?

PVs 
ablated, 
mean (SD) Other details

Were AADs 
discontinued 
before RFCA?

Return to 
AADs as part 
of treatment?

Anti-
coagulant

Length on 
anticoagulant

Della Bella et 
al., 200568

PV isolation Segmental PV 
isolation

Conventional 
or irrigated-tip 
catheter

Lasso catheter 
(Biosense Webster)

Disconnection of 
PVs

Additional CTI ablation was 
performed in 20 patients with 
documented atrial flutter

Yes Yes 2 months

Dong et al., 
200587

CPVA CPVA Cool saline 
irrigated catheter

3D (CARTO or 
NavX) and circular 
PV mapping 
catheter

Electrical isolation 
of PVs validated by 
circular mapping 
catheter

Yes Yes Warfarin 3 months

SPVA Segmental PV 
isolation

NR Circular PV 
mapping catheter

Electrical isolation 
of PVs validated by 
circular mapping 
catheter

Haissaguerre approach Yes Yes Warfarin 3 months

Ernst et al., 
200389

Ostial PV isolation Segmental PV 
isolation

4-mm solid-tip 
NAVI-STAR or 
4-mm Celsius™ 
(BioSense Webster)

Electroanatomic 
mapping system 
(CARTO)

NR Target ablation catheter tip 
temperature limited to 53°C using 
maximum power of 45 W. Care was 
taken to avoid dislodging from the 
ostium into the target vein

Unclear Unclear Heparin 3 months

Ostial PV isolation Segmental PV 
isolation

4-mm solid-tip 
NAVI-STAR or 
4-mm Celsius

Circular PV 
catheter

NR Target ablation catheter tip 
temperature limited to 48°C using 
maximum power of 30 W. Care was 
taken to avoid dislodging from the 
ostium into the target vein

Unclear Unclear Heparin 3 months

Essebag et al., 
200591

PV isolation Segmental PV 
isolation

10- to 14-pole 
circumferential 
catheter

TOE or ICE; non-
irrigated NAVI-
STAR catheter 
and CARTO and/
or EnSite NavX 
recording systems

Complete 
bidirectional 
electrical PV 
isolation

RF ablation outside the PV ostium 
near sites with the earliest PV 
electrograms; all PVs isolated – 
afterwards induction of AF attempted 
by burst pacing, isoproterenol used 
to assess triggers and reconnection; 
if reconnection observed, vein 
reisolated

Unclear Unclear Heparin 6 months 
(warfarin), aspirin 
at least 1 month

Fassini et al., 
200593

PV disconnection 
(PVD)

Segmental PV 
isolation

Irrigated-tip 
catheter [Cordis 
Thermocool 
(Cordis Webster)]

Circular mapping 
catheter (Lasso)

Disconnection of 
the PVs

Unclear Yes Heparin 3 months

PVD plus mitral 
isthmus line (MIL)

Segmental PV 
isolation

Irrigated-tip 
catheter (Cordis 
Thermocool)

Circular mapping 
catheter (Lasso)

Disconnection 
of the PVs and 
bidirectional block 
along the mitral 
isthmus

Unclear Yes Heparin 3 months

Herweg et al., 
200595

Ultrasound 
and local 
electrographic-
guided PV–left 
atrial disconnection

Segmental PV 
isolation

4-mm tip 10- or 20-pole 
circumferential 
mapping catheter 
(Lasso) guided 
by intracardiac 
ultrasound

Complete loss of 
all PV potentials on 
the Lasso

PV–LA junction proximal to the 
earliest bipolar PV recording site 
targeted for ablation

No Yes Heparin 1–6 months

Hindricks et 
al., 200597

RFCA Combination of 
approaches

Standard 
multielectrode 
catheters

Electroanatomic 
mapping (CARTO)

Completion of 
proposed linear and 
circular lesions

Ablation performed during sinus 
rhythm; circumferential lesions 
around left and right PVs > 5 mm 
from the orifices; plus two linear 
lesions: one connecting circular 
lesions and one connecting left 
circular lesion with mitral annulus

Unclear Yes Heparin Oral, at least 
3 months

continued
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Study Intervention
Ablation 
technique Catheter size

Mapping 
technique

How was 
end point of 
procedure 
defined?

PVs 
ablated, 
mean (SD) Other details

Were AADs 
discontinued 
before RFCA?

Return to 
AADs as part 
of treatment?

Anti-
coagulant

Length on 
anticoagulant

Hsieh et al., 
200399

PV isolation Other PV isolation 4-mm distal 
electrode

Decapolar or 
circular mapping 
catheters

Elimination or 
marked reduction 
of PV potential 
amplitude and 
disconnection of PV

PV potential in proximal PV and ostial 
area searched for circumferentially, 
ablation at ostial region

Yes No Heparin NR

Focal ablation Other PV isolation 4-mm distal 
electrode

Multielectrode 
mapping catheters

Unclear; 
procedural success 
is inability to 
reinitiate AF with 
same protocol 
as used before 
ablation

Ablation sites based on ablation 
catheter recording of the earliest 
bipolar activity and/or local unipolar 
QS pattern of ectopic beats initiating 
AF

Yes No Heparin NR

Hsu et al., 
2004101

RFCA Segmental PV 
isolation

4-mm irrigated-tip 
catheter

Circumferential 
decapolar mapping 
catheter (Lasso)

Electrical 
isolation of all PVs 
(disappearance or 
dissociation of PV 
potentials)

4 Additional left atrial linear ablation 
was performed in 104 patients

Unclear No Heparin 3–6 months in SR 
unless otherwise 
indicated

Jais et al., 
2004103

PV electrical 
isolation

Segmental PV 
isolation

4-mm irrigated-tip 
ablation catheter

Circumferential 10-
pole Lasso catheter

Isolation of the 
PVs as determined 
by circumferential 
mapping

4 PV isolation was performed 1 cm 
from the ostium of the right PVs 
as well as from the posterior 
and superior aspects of the left 
PVs. Cavotricuspid ablation was 
performed in all 200 patients; 100 
patients also had mitral isthmus 
ablation

Unclear Unclear Heparin 1–3 months

Karch et al., 
2005105

Circumferential 
radio frequency PV 
ablation

CPVA 8 mm and/or 
cooled 4 mm

Electroanatomic 
mapping system 
(CARTO)

Maximum local 
bipolar electrogram 
amplitude 
reduction by ≥  
80% or ≤ 0.1 mV

Ablation lines were contiguous focal 
lesions at a distance > 5 mm from the 
PV ostia. To prevent left atrial flutter, 
an additional line was drawn from the 
circling lesion around the left lower 
PV to the mitral valve annulus

Yes No Heparin Heparin 
continued until 
INR was ≥ 2

Segmental radio 
frequency PV 
ablation

Segmental PV 
isolation

Irrigated-tip 
ablation catheter

Circular steerable 
decapolar mapping 
catheter (Lasso)

Disappearance or 
dissociation of distal 
local PV potentials 
during sinus or 
paced rhythm

Yes No Heparin Heparin 
continued until 
INR was ≥ 2

Kilicaslan et 
al., 2005106

PV antrum isolation Segmental PV 
isolation

8-mm tip ablation 
catheter

Guidance by 
intracardiac 
echocardiography; 
mapping by 
decapolar circular 
mapping catheter 
(Lasso)

Abolition of all 
PV potentials 
surrounding the 
vein antrum

4 Yes Yes Heparin 4–6 months 
minimum 
(warfarin)

Kilicaslan et 
al., 2006108

PV antrum isolation Segmental PV 
isolation

8-mm tip ablation 
catheter

Circular mapping 
catheter (Lasso) 
guided by 
intracardiac 
echocardiography

Abolition of all 
PV potentials 
surrounding the 
vein

4 The SVC was isolated as well as 
the PVs. In 107 patients, RF energy 
output was titrated according to 
microbubble formation. In the 
remaining 95 patients, RF energy 
output was set to a maximum of 
45–50 W at 55°C

Unclear Unclear Heparin NR
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Study Intervention
Ablation 
technique Catheter size

Mapping 
technique

How was 
end point of 
procedure 
defined?

PVs 
ablated, 
mean (SD) Other details

Were AADs 
discontinued 
before RFCA?

Return to 
AADs as part 
of treatment?

Anti-
coagulant

Length on 
anticoagulant

Hsieh et al., 
200399

PV isolation Other PV isolation 4-mm distal 
electrode

Decapolar or 
circular mapping 
catheters

Elimination or 
marked reduction 
of PV potential 
amplitude and 
disconnection of PV

PV potential in proximal PV and ostial 
area searched for circumferentially, 
ablation at ostial region

Yes No Heparin NR

Focal ablation Other PV isolation 4-mm distal 
electrode

Multielectrode 
mapping catheters

Unclear; 
procedural success 
is inability to 
reinitiate AF with 
same protocol 
as used before 
ablation

Ablation sites based on ablation 
catheter recording of the earliest 
bipolar activity and/or local unipolar 
QS pattern of ectopic beats initiating 
AF

Yes No Heparin NR

Hsu et al., 
2004101

RFCA Segmental PV 
isolation

4-mm irrigated-tip 
catheter

Circumferential 
decapolar mapping 
catheter (Lasso)

Electrical 
isolation of all PVs 
(disappearance or 
dissociation of PV 
potentials)

4 Additional left atrial linear ablation 
was performed in 104 patients

Unclear No Heparin 3–6 months in SR 
unless otherwise 
indicated

Jais et al., 
2004103

PV electrical 
isolation

Segmental PV 
isolation

4-mm irrigated-tip 
ablation catheter

Circumferential 10-
pole Lasso catheter

Isolation of the 
PVs as determined 
by circumferential 
mapping

4 PV isolation was performed 1 cm 
from the ostium of the right PVs 
as well as from the posterior 
and superior aspects of the left 
PVs. Cavotricuspid ablation was 
performed in all 200 patients; 100 
patients also had mitral isthmus 
ablation

Unclear Unclear Heparin 1–3 months

Karch et al., 
2005105

Circumferential 
radio frequency PV 
ablation

CPVA 8 mm and/or 
cooled 4 mm

Electroanatomic 
mapping system 
(CARTO)

Maximum local 
bipolar electrogram 
amplitude 
reduction by ≥  
80% or ≤ 0.1 mV

Ablation lines were contiguous focal 
lesions at a distance > 5 mm from the 
PV ostia. To prevent left atrial flutter, 
an additional line was drawn from the 
circling lesion around the left lower 
PV to the mitral valve annulus

Yes No Heparin Heparin 
continued until 
INR was ≥ 2

Segmental radio 
frequency PV 
ablation

Segmental PV 
isolation

Irrigated-tip 
ablation catheter

Circular steerable 
decapolar mapping 
catheter (Lasso)

Disappearance or 
dissociation of distal 
local PV potentials 
during sinus or 
paced rhythm

Yes No Heparin Heparin 
continued until 
INR was ≥ 2

Kilicaslan et 
al., 2005106

PV antrum isolation Segmental PV 
isolation

8-mm tip ablation 
catheter

Guidance by 
intracardiac 
echocardiography; 
mapping by 
decapolar circular 
mapping catheter 
(Lasso)

Abolition of all 
PV potentials 
surrounding the 
vein antrum

4 Yes Yes Heparin 4–6 months 
minimum 
(warfarin)

Kilicaslan et 
al., 2006108

PV antrum isolation Segmental PV 
isolation

8-mm tip ablation 
catheter

Circular mapping 
catheter (Lasso) 
guided by 
intracardiac 
echocardiography

Abolition of all 
PV potentials 
surrounding the 
vein

4 The SVC was isolated as well as 
the PVs. In 107 patients, RF energy 
output was titrated according to 
microbubble formation. In the 
remaining 95 patients, RF energy 
output was set to a maximum of 
45–50 W at 55°C

Unclear Unclear Heparin NR

continued



Appendix 3

136

Study Intervention
Ablation 
technique Catheter size

Mapping 
technique

How was 
end point of 
procedure 
defined?

PVs 
ablated, 
mean (SD) Other details

Were AADs 
discontinued 
before RFCA?

Return to 
AADs as part 
of treatment?

Anti-
coagulant

Length on 
anticoagulant

Kobza et al., 
2004110

Percutaneous radio 
frequency ablation

Combination of 
approaches

Standard 8-mm 
or cooled-tip 
catheters

Electroanatomic 
mapping (CARTO)

Completion of 
proposed circular 
and linear lesions

Ablation performed during sinus 
rhythm (cardioversion if necessary); 
circumferential lesions around left 
and right PVs > 5 mm from the 
orifices; plus two linear lesions: one 
connecting circular lesions and one 
connecting left circular lesion with 
mitral annulus

Unclear Yes Heparin NR

Kottkamp et 
al., 2004112

Radio frequency 
energy-induced 
circular and linear 
lesions

Combination of 
approaches

8-mm tip ablation 
catheter

Electroanatomic 
mapping (CARTO)

Completion of 
proposed linear and 
circular lesions

Ablation performed during sinus 
rhythm; circumferential lesions 
around left and right PVs > 5 mm 
from the orifices; plus two linear 
lesions: one connecting circular 
lesions and one connecting left 
circular lesion with mitral annulus

Unclear Yes Warfarin Oral, at least 
3 months

Kumagai et al., 
2005114

Basket catheter-
guided PV isolation

Segmental PV 
isolation

4-mm tip 31-mm 64-pole 
basket catheter

Bidirectional 
LA–PV conduction 
block

3.8 Ablation of ostial sites with the 
earliest atrial potentials during distal 
PV pacing; all PVs targeted (unless 
< 12 mm diameter to prevent 
stenosis)

Yes Unclear Heparin Warfarin 
3 months

Circular catheter-
guided PV isolation

Segmental PV 
isolation

4-mm tip Circular 
20-electrode 
catheter (Lasso)

Elimination of all PV 
potentials

3.9 RF pulses delivered within the first 
few mm of the PV with the earliest 
PV potentials; if activation sequence 
around PV ostium changed, bipole 
that showed shortest LA–PV 
conduction was targeted; all PVs 
targeted (unless < 12 mm diameter)

Yes Unclear Heparin Warfarin 
3 months

Lee et al., 
2004116

Focal ablation Segmental PV 
isolation

4-mm tip Various decapolar 
catheters, circular 
catheter

Inability to reinitiate 
AF with the same 
protocols used 
before ablation

1.5 (0.6) Ablation site chosen based on bipolar 
recording with the earliest activity 
and/or a local unipolar QS pattern of 
the ectopic beats initiating AF

No No Heparin NR

Isolation procedure Segmental PV 
isolation

4-mm tip Various decapolar 
catheters, circular 
catheter, basket 
catheter

Elimination/
marked reduction 
of PV or SVC 
potential amplitude 
(< 0.05 mV), 
disconnection PV–
LA or SVC–RA

1.4 (0.7) Identification of earliest breakthrough 
sites from LA to PV, ablation at 
ostial region. Additional ablation in 
extravenous areas if necessary

Yes No Heparin NR

Liu et al., 
2005118

CPVA CPVA 3.5-mm irrigated 
tip

CARTO and 
circular mapping 
catheter (Lasso)

Completeness of 
circular lesions and 
electrical isolation 
of all PVs

Continuous irrigated RF ablation 
along the PV antrum to encircle 
ipsilateral PVs. Additional CTI 
ablation in patients with typical atrial 
flutter

Yes Yes Warfarin 3 months

Ma et al., 
200672

CPVA CPVA Cool saline 
irrigated catheter, 
size NR

3D (CARTO) or 
EnSite/NavX

Continuity of 
circular lesions and 
PV isolation

3.95 Continuous circular lesion along the 
PV antrum

No Yes Warfarin 3 months

Macle et al., 
200274

Irrigated-tip PV 
ablation

Segmental PV 
isolation

4-mm irrigated-tip 
catheter

Circumferential 
decapolar catheter 
(Lasso) guided 
by selective PV 
angiography

Abolition or 
dissociation of all 
PV potentials

4 CTI ablation was performed in 
patients who had not previously had 
this procedure. Linear ablation was 
performed in the LA for patients with 
persistent AF

Unclear Unclear Heparin 3 months
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Study Intervention
Ablation 
technique Catheter size

Mapping 
technique

How was 
end point of 
procedure 
defined?

PVs 
ablated, 
mean (SD) Other details

Were AADs 
discontinued 
before RFCA?

Return to 
AADs as part 
of treatment?

Anti-
coagulant

Length on 
anticoagulant

Kobza et al., 
2004110

Percutaneous radio 
frequency ablation

Combination of 
approaches

Standard 8-mm 
or cooled-tip 
catheters

Electroanatomic 
mapping (CARTO)

Completion of 
proposed circular 
and linear lesions

Ablation performed during sinus 
rhythm (cardioversion if necessary); 
circumferential lesions around left 
and right PVs > 5 mm from the 
orifices; plus two linear lesions: one 
connecting circular lesions and one 
connecting left circular lesion with 
mitral annulus

Unclear Yes Heparin NR

Kottkamp et 
al., 2004112

Radio frequency 
energy-induced 
circular and linear 
lesions

Combination of 
approaches

8-mm tip ablation 
catheter

Electroanatomic 
mapping (CARTO)

Completion of 
proposed linear and 
circular lesions

Ablation performed during sinus 
rhythm; circumferential lesions 
around left and right PVs > 5 mm 
from the orifices; plus two linear 
lesions: one connecting circular 
lesions and one connecting left 
circular lesion with mitral annulus

Unclear Yes Warfarin Oral, at least 
3 months

Kumagai et al., 
2005114

Basket catheter-
guided PV isolation

Segmental PV 
isolation

4-mm tip 31-mm 64-pole 
basket catheter

Bidirectional 
LA–PV conduction 
block

3.8 Ablation of ostial sites with the 
earliest atrial potentials during distal 
PV pacing; all PVs targeted (unless 
< 12 mm diameter to prevent 
stenosis)

Yes Unclear Heparin Warfarin 
3 months

Circular catheter-
guided PV isolation

Segmental PV 
isolation

4-mm tip Circular 
20-electrode 
catheter (Lasso)

Elimination of all PV 
potentials

3.9 RF pulses delivered within the first 
few mm of the PV with the earliest 
PV potentials; if activation sequence 
around PV ostium changed, bipole 
that showed shortest LA–PV 
conduction was targeted; all PVs 
targeted (unless < 12 mm diameter)

Yes Unclear Heparin Warfarin 
3 months

Lee et al., 
2004116

Focal ablation Segmental PV 
isolation

4-mm tip Various decapolar 
catheters, circular 
catheter

Inability to reinitiate 
AF with the same 
protocols used 
before ablation

1.5 (0.6) Ablation site chosen based on bipolar 
recording with the earliest activity 
and/or a local unipolar QS pattern of 
the ectopic beats initiating AF

No No Heparin NR

Isolation procedure Segmental PV 
isolation

4-mm tip Various decapolar 
catheters, circular 
catheter, basket 
catheter

Elimination/
marked reduction 
of PV or SVC 
potential amplitude 
(< 0.05 mV), 
disconnection PV–
LA or SVC–RA

1.4 (0.7) Identification of earliest breakthrough 
sites from LA to PV, ablation at 
ostial region. Additional ablation in 
extravenous areas if necessary

Yes No Heparin NR

Liu et al., 
2005118

CPVA CPVA 3.5-mm irrigated 
tip

CARTO and 
circular mapping 
catheter (Lasso)

Completeness of 
circular lesions and 
electrical isolation 
of all PVs

Continuous irrigated RF ablation 
along the PV antrum to encircle 
ipsilateral PVs. Additional CTI 
ablation in patients with typical atrial 
flutter

Yes Yes Warfarin 3 months

Ma et al., 
200672

CPVA CPVA Cool saline 
irrigated catheter, 
size NR

3D (CARTO) or 
EnSite/NavX

Continuity of 
circular lesions and 
PV isolation

3.95 Continuous circular lesion along the 
PV antrum

No Yes Warfarin 3 months

Macle et al., 
200274

Irrigated-tip PV 
ablation

Segmental PV 
isolation

4-mm irrigated-tip 
catheter

Circumferential 
decapolar catheter 
(Lasso) guided 
by selective PV 
angiography

Abolition or 
dissociation of all 
PV potentials

4 CTI ablation was performed in 
patients who had not previously had 
this procedure. Linear ablation was 
performed in the LA for patients with 
persistent AF

Unclear Unclear Heparin 3 months
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Study Intervention
Ablation 
technique Catheter size

Mapping 
technique

How was 
end point of 
procedure 
defined?

PVs 
ablated, 
mean (SD) Other details

Were AADs 
discontinued 
before RFCA?

Return to 
AADs as part 
of treatment?

Anti-
coagulant

Length on 
anticoagulant

Marchlinski et 
al., 200376

Focal PV ablation Other PV isolation Decapolar 
catheters 
with 4-mm tip 
electrodes

Magnetic 
electroanatomic 
mapping catheter 
(see also 
comments)

Focal ablation of 
all PV and non-PV 
triggers

2.2 Bipolar mapping of spontaneous 
and provoked triggers, acquire 
enough points to identify early 
site surrounded by later sites, 
isoproterenol used for inducing 
triggers (or burst atrial pacing)

Yes Yes Heparin At least 6 weeks 
(on warfarin)

PV isolation Other PV isolation Decapolar 
catheters 
with 4-mm tip 
electrodes

AcuNav™ 
(Siemens) 
diagnostic 
ultrasound catheter, 
decapolar Lasso 
mapping catheter

Elimination of 
PV atrialisation 
(absence of PV 
electrograms) (see 
also comments)

3 Three or four points along 
circumference of PV targeted for 
ablation, tagged as reference of 
location of most ostial aspect, 15- or 
20-mm Lasso catheter in ostium of 
each PV to attempt pacing, identify 
closest coupled left atrial and PV 
signals – targeted for RFCA

Yes Yes Heparin At least 6 weeks 
(on warfarin)

Marrouche et 
al., 200278

Distal isolation Segmental PV 
isolation

Quadripolar 4-mm 
tip

Custom-made 
circular catheter 
or loop catheter 
(Lasso)

Abolition of PV 
potentials mapped 
5 mm from the 
ostium of the 
arrythmogenic PV

1.6 Ablation targeted to the earliest 
recorded PV potential during sinus 
rhythm or coronary sinus pacing, and 
subsequently, if needed, targeted to 
contiguous sites showing earlier PV 
potentials

Yes Unclear Warfarin 2–3 months

Ostial isolation CPVA Quadripolar 4-mm, 
8-mm or cooled tip

Custom-made 
circular catheter 
or loop catheter 
(Lasso)

Inability to record 
spontaneous or 
isoproterenol-
induced AF 
originating from 
targeted veins

3.7 PV circumference divided into 16 
sectors for documentation purposes

Yes Unclear Warfarin 2–3 months

Nademanee et 
al., 200279

RFCA guided 
by multiple 
fractionated 
electrograms

Other approach NR CARTO Restoration of 
sinus rhythm, or 
organised atrial 
flutter that ibutilide/
cardioversion 
converts to sinus 
rhythm

0 Mapping of the electrophysiological 
substrate was conducted and 
ablation was performed along the 
low-frequency multiple fractionated 
electrogram areas

Unclear Unclear Warfarin Unclear

Nademanee et 
al., 200481

RFCA Other approach Standard 4-mm tip 
catheter

Electroanatomic 
mapping (CARTO)

Complete 
ablation of CFAEs, 
conversion of AF to 
SR; non-inducible 
AF for paroxysmal 
patients

Areas with CFAEs ablated Unclear Unclear Heparin NR

Nilsson et al., 
200664

Segmental ostial PV 
isolation

Segmental PV 
isolation

7Fr, 5-mm tip 
quadripolar saline-
irrigated deflectable 
catheter

Decapolar ring 
catheter (Lasso)

Elimination 
of electrical 
conduction into the 
PV area distal to 
the ablation line

3.4 (0.7) During the first ablation procedure, 
three patients underwent ablation 
of non-PV foci and one patient had 
a linear ablation line between the 
superior PVs

No No Heparin 3 months

Circumferential 
extraostial PV 
isolation

CPVA 3.5-mm tip saline-
irrigated deflectable 
ablation/navigation 
catheter

Electromagnetic 
mapping system 
(CARTO)

Elimination 
of electrical 
conduction into the 
PV area distal to 
the ablation line

4 During the first ablation procedure, 
one patient underwent ablation of 
non-PV foci

No No Heparin 3 months
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Study Intervention
Ablation 
technique Catheter size

Mapping 
technique

How was 
end point of 
procedure 
defined?

PVs 
ablated, 
mean (SD) Other details

Were AADs 
discontinued 
before RFCA?

Return to 
AADs as part 
of treatment?

Anti-
coagulant

Length on 
anticoagulant

Marchlinski et 
al., 200376

Focal PV ablation Other PV isolation Decapolar 
catheters 
with 4-mm tip 
electrodes

Magnetic 
electroanatomic 
mapping catheter 
(see also 
comments)

Focal ablation of 
all PV and non-PV 
triggers

2.2 Bipolar mapping of spontaneous 
and provoked triggers, acquire 
enough points to identify early 
site surrounded by later sites, 
isoproterenol used for inducing 
triggers (or burst atrial pacing)

Yes Yes Heparin At least 6 weeks 
(on warfarin)

PV isolation Other PV isolation Decapolar 
catheters 
with 4-mm tip 
electrodes

AcuNav™ 
(Siemens) 
diagnostic 
ultrasound catheter, 
decapolar Lasso 
mapping catheter

Elimination of 
PV atrialisation 
(absence of PV 
electrograms) (see 
also comments)

3 Three or four points along 
circumference of PV targeted for 
ablation, tagged as reference of 
location of most ostial aspect, 15- or 
20-mm Lasso catheter in ostium of 
each PV to attempt pacing, identify 
closest coupled left atrial and PV 
signals – targeted for RFCA

Yes Yes Heparin At least 6 weeks 
(on warfarin)

Marrouche et 
al., 200278

Distal isolation Segmental PV 
isolation

Quadripolar 4-mm 
tip

Custom-made 
circular catheter 
or loop catheter 
(Lasso)

Abolition of PV 
potentials mapped 
5 mm from the 
ostium of the 
arrythmogenic PV

1.6 Ablation targeted to the earliest 
recorded PV potential during sinus 
rhythm or coronary sinus pacing, and 
subsequently, if needed, targeted to 
contiguous sites showing earlier PV 
potentials

Yes Unclear Warfarin 2–3 months

Ostial isolation CPVA Quadripolar 4-mm, 
8-mm or cooled tip

Custom-made 
circular catheter 
or loop catheter 
(Lasso)

Inability to record 
spontaneous or 
isoproterenol-
induced AF 
originating from 
targeted veins

3.7 PV circumference divided into 16 
sectors for documentation purposes

Yes Unclear Warfarin 2–3 months

Nademanee et 
al., 200279

RFCA guided 
by multiple 
fractionated 
electrograms

Other approach NR CARTO Restoration of 
sinus rhythm, or 
organised atrial 
flutter that ibutilide/
cardioversion 
converts to sinus 
rhythm

0 Mapping of the electrophysiological 
substrate was conducted and 
ablation was performed along the 
low-frequency multiple fractionated 
electrogram areas

Unclear Unclear Warfarin Unclear

Nademanee et 
al., 200481

RFCA Other approach Standard 4-mm tip 
catheter

Electroanatomic 
mapping (CARTO)

Complete 
ablation of CFAEs, 
conversion of AF to 
SR; non-inducible 
AF for paroxysmal 
patients

Areas with CFAEs ablated Unclear Unclear Heparin NR

Nilsson et al., 
200664

Segmental ostial PV 
isolation

Segmental PV 
isolation

7Fr, 5-mm tip 
quadripolar saline-
irrigated deflectable 
catheter

Decapolar ring 
catheter (Lasso)

Elimination 
of electrical 
conduction into the 
PV area distal to 
the ablation line

3.4 (0.7) During the first ablation procedure, 
three patients underwent ablation 
of non-PV foci and one patient had 
a linear ablation line between the 
superior PVs

No No Heparin 3 months

Circumferential 
extraostial PV 
isolation

CPVA 3.5-mm tip saline-
irrigated deflectable 
ablation/navigation 
catheter

Electromagnetic 
mapping system 
(CARTO)

Elimination 
of electrical 
conduction into the 
PV area distal to 
the ablation line

4 During the first ablation procedure, 
one patient underwent ablation of 
non-PV foci

No No Heparin 3 months
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Study Intervention
Ablation 
technique Catheter size

Mapping 
technique

How was 
end point of 
procedure 
defined?

PVs 
ablated, 
mean (SD) Other details

Were AADs 
discontinued 
before RFCA?

Return to 
AADs as part 
of treatment?

Anti-
coagulant

Length on 
anticoagulant

Oral et al., 
200485

Segmental ostial 
ablation

Segmental PV 
isolation

4-mm tip 
quadripolar 
catheter

Decapolar mapping 
catheter (Lasso)

Elimination of ostial 
PV potentials and 
complete entrance 
block into the PV

LS, LI, RS PVs targeted in all 188 
patients, RI PV also targeted in 41% 
(n = 77)

Unclear Unclear Heparin 1–3 months (on 
warfarin)

Oral et al., 
200483

PV isolation Segmental PV 
isolation

4-mm tip 
quadripolar 
catheter

Deflectable 
decapolar Lasso 
catheter

Elimination of all 
ostial PV potentials

Three PVs isolated in all patients; 
right inferior PV ablated at operator’s 
discretion

Unclear Unclear Heparin 1–3 months (on 
warfarin)

Pappone et 
al., 200188

CPVA CPVA Not stated 3D (CARTO) Complete 
lesions, defined 
anatomically and 
electrically

Circumferential lines > 5 mm from 
the PV ostia. In most cases, each 
individual PV was encircled, although 
occasionally ipsilateral pairs of veins 
were encircled

Unclear No Warfarin 3 months

Pappone et 
al., 200186

Circumferential 
ablation

CPVA Not stated 3D (CARTO) PV isolation 
determined 
anatomically and 
electrically

Each PV was encircled individually Yes No Warfarin 3–4 months

Pappone et 
al., 200490

CPVA CPVA 8-mm tip 
deflectable ablation 
catheter

Electroanatomic 
mapping system 
(CARTO)

Voltage reduction 
of local atrial 
electrogram by 
80% or < 0.1 mV

Encircling lines were created by 
contiguous RF lesions > 15 mm from 
the PV ostia

Yes No Heparin NR (on warfarin)

Modified CPVA 
(CPVA-M)

CPVA 8-mm tip 
deflectable ablation 
catheter

Electroanatomic 
mapping system 
(CARTO)

Voltage reduction 
of local atrial 
electrogram by 
80% or < 0.1 mV

As CPVA but with additional ablation 
lines in the posterior left atrium 
connecting contralateral superior 
and inferior PVs and along the mitral 
isthmus between inferior aspect of 
left-sided encircling ablation line and 
mitral annulus

Yes No Heparin NR (on warfarin)

Purerfellner et 
al., 200692

PV segmental ostial 
ablation

Segmental PV 
isolation

Celsius 
Thermocool 7Fr

Lasso catheter Electrical entrance 
block from the LA 
to the PV

3.5 Three PVs were targeted for ablation 
in the first 45% of patients, all four 
were targeted in the remaining 55%

Unclear Unclear NR

Ren et al., 
200494

PV ostial ablation Segmental PV 
isolation

NAVI-STAR 
ablation catheter

Circular mapping 
catheter (Lasso) 
guided by 
intracardiac 
echocardiography

Electrical isolation 
of PV from LA

3.1 Unclear Unclear Heparin NR

Saad et al., 
200398

Ostial isolation 
guided by 
intracardiac 
echocardiography

Segmental PV 
isolation

Unclear Circular mapping 
catheter guided 
by intracardiac 
echocardiography

NR In some patients, delivery of 
radiofrequency energy was controlled 
by progressively increasing power 
until microbubbles were visualised

Unclear Unclear NR

Ostial isolation 
guided by PV 
angiography

Segmental PV 
isolation

4-mm tip catheter 
in temperature-
controlled mode

Selective PV 
angiography

NR Unclear Unclear NR

Distal isolation 
guided by circular 
mapping

Other PV isolation Unclear Decapolar circular 
mapping catheter 
(Lasso)

NR Unclear Unclear NR

Electroanatomic 
mapping

CPVA 4-mm tip catheter 
in temperature-
controlled mode

Electroanatomic 
mapping (CARTO)

NR Unclear Unclear NR
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Study Intervention
Ablation 
technique Catheter size

Mapping 
technique

How was 
end point of 
procedure 
defined?

PVs 
ablated, 
mean (SD) Other details

Were AADs 
discontinued 
before RFCA?

Return to 
AADs as part 
of treatment?

Anti-
coagulant

Length on 
anticoagulant

Oral et al., 
200485

Segmental ostial 
ablation

Segmental PV 
isolation

4-mm tip 
quadripolar 
catheter

Decapolar mapping 
catheter (Lasso)

Elimination of ostial 
PV potentials and 
complete entrance 
block into the PV

LS, LI, RS PVs targeted in all 188 
patients, RI PV also targeted in 41% 
(n = 77)

Unclear Unclear Heparin 1–3 months (on 
warfarin)

Oral et al., 
200483

PV isolation Segmental PV 
isolation

4-mm tip 
quadripolar 
catheter

Deflectable 
decapolar Lasso 
catheter

Elimination of all 
ostial PV potentials

Three PVs isolated in all patients; 
right inferior PV ablated at operator’s 
discretion

Unclear Unclear Heparin 1–3 months (on 
warfarin)

Pappone et 
al., 200188

CPVA CPVA Not stated 3D (CARTO) Complete 
lesions, defined 
anatomically and 
electrically

Circumferential lines > 5 mm from 
the PV ostia. In most cases, each 
individual PV was encircled, although 
occasionally ipsilateral pairs of veins 
were encircled

Unclear No Warfarin 3 months

Pappone et 
al., 200186

Circumferential 
ablation

CPVA Not stated 3D (CARTO) PV isolation 
determined 
anatomically and 
electrically

Each PV was encircled individually Yes No Warfarin 3–4 months

Pappone et 
al., 200490

CPVA CPVA 8-mm tip 
deflectable ablation 
catheter

Electroanatomic 
mapping system 
(CARTO)

Voltage reduction 
of local atrial 
electrogram by 
80% or < 0.1 mV

Encircling lines were created by 
contiguous RF lesions > 15 mm from 
the PV ostia

Yes No Heparin NR (on warfarin)

Modified CPVA 
(CPVA-M)

CPVA 8-mm tip 
deflectable ablation 
catheter

Electroanatomic 
mapping system 
(CARTO)

Voltage reduction 
of local atrial 
electrogram by 
80% or < 0.1 mV

As CPVA but with additional ablation 
lines in the posterior left atrium 
connecting contralateral superior 
and inferior PVs and along the mitral 
isthmus between inferior aspect of 
left-sided encircling ablation line and 
mitral annulus

Yes No Heparin NR (on warfarin)

Purerfellner et 
al., 200692

PV segmental ostial 
ablation

Segmental PV 
isolation

Celsius 
Thermocool 7Fr

Lasso catheter Electrical entrance 
block from the LA 
to the PV

3.5 Three PVs were targeted for ablation 
in the first 45% of patients, all four 
were targeted in the remaining 55%

Unclear Unclear NR

Ren et al., 
200494

PV ostial ablation Segmental PV 
isolation

NAVI-STAR 
ablation catheter

Circular mapping 
catheter (Lasso) 
guided by 
intracardiac 
echocardiography

Electrical isolation 
of PV from LA

3.1 Unclear Unclear Heparin NR

Saad et al., 
200398

Ostial isolation 
guided by 
intracardiac 
echocardiography

Segmental PV 
isolation

Unclear Circular mapping 
catheter guided 
by intracardiac 
echocardiography

NR In some patients, delivery of 
radiofrequency energy was controlled 
by progressively increasing power 
until microbubbles were visualised

Unclear Unclear NR

Ostial isolation 
guided by PV 
angiography

Segmental PV 
isolation

4-mm tip catheter 
in temperature-
controlled mode

Selective PV 
angiography

NR Unclear Unclear NR

Distal isolation 
guided by circular 
mapping

Other PV isolation Unclear Decapolar circular 
mapping catheter 
(Lasso)

NR Unclear Unclear NR

Electroanatomic 
mapping

CPVA 4-mm tip catheter 
in temperature-
controlled mode

Electroanatomic 
mapping (CARTO)

NR Unclear Unclear NR
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Study Intervention
Ablation 
technique Catheter size

Mapping 
technique

How was 
end point of 
procedure 
defined?

PVs 
ablated, 
mean (SD) Other details

Were AADs 
discontinued 
before RFCA?

Return to 
AADs as part 
of treatment?

Anti-
coagulant

Length on 
anticoagulant

Saad et al., 
200396

Circumferential 
mapping and PV 
isolation

Segmental PV 
isolation

4-mm, 8-mm and 
cooled-tip ablation 
catheters

Circular mapping 
catheter (Lasso)

Electrical isolation 
of all PVs from the 
left atrium

Used in 264 patients Yes Yes

Electroanatomic 
mapping and PV 
isolation

CPVA 4-mm, 8-mm and 
cooled-tip ablation 
catheters

Electroanatomic 
mapping system 
(CARTO)

PV isolation, 
elimination of 
ectopic activity or 
both

Only superior PVs were targeted 
unless firing from other veins was 
noted

Yes Yes

Shah et al., 
2001100

Curative RFCA Segmental PV 
isolation

4-mm tip catheter 
or irrigated-tip 
catheter

7Fr multipolar 
mapping catheter(s) 
facilitated 
by selective 
angiography

Elimination of 
arrhythmias and/or 
elimination of distal 
PV activity in the 
ablated veins

2 Different mapping strategies used 
in different patient groups were 
described in the paper

Unclear Unclear Heparin At least 3 months

Shah et al., 
2003102

PV ablation Segmental PV 
isolation

4-mm tip 
quadripolar ablation 
catheter

Circular decapolar 
catheter guided 
by selective PV 
angiography

Elimination of PV 
potentials distal to 
the ablation site

3.4 Non-PV foci triggering AF were also 
ablated

Unclear Unclear Heparin Until appropriate 
INR levels 
achieved

Trevisi et al., 
2003104

Ostial PV 
disconnection

NR NR Disconnection of 
PVs

Unclear Yes 2 months

Verma et al., 
200565

PV antrum isolation Segmental PV 
isolation

8-mm tip Decapolar 
mapping catheter 
(Lasso) guided 
by intracardiac 
echocardiography

Complete electrical 
disconnection of 
the PV antrum 
from the left atrium

No ablation lines were drawn 
between the mitral annulus and PVs

Unclear Yes Heparin At least 3 months 
(on warfarin)

Wazni et al., 
2005107

Ostial isolation 
guided by 
intracardiac 
echocardiography

Segmental PV 
isolation

4-mm or cooled-tip 
catheter

Intracardiac 
echocardiography

NR In some patients, power titration 
was directed by formation of 
microbubbles with a cooled- or 
8-mm tip catheter

Yes Unclear Heparin 4–6 months 
(coumadin)

Ostial isolation 
guided by PV 
angiography

Segmental PV 
isolation

4-mm tip catheter 
in temperature-
controlled mode

Selective PV 
angiography

NR Yes Unclear Heparin 4–6 months 
(coumadin)

Ultrasound balloon 
system (CUVA)

Other PV isolation 0.035-inch luminal 
catheter

Custom-made 
mapping catheter

NR Yes Unclear Heparin 4–6 months 
(coumadin)

Electroanatomical 
mapping

CPVA 4-mm tip catheter 
in temperature-
controlled mode

Electroanatomical 
mapping (CARTO)

Yes Unclear Heparin 4–6 months 
(coumadin)

Distal isolation 
guided by circular 
mapping

Other PV isolation 4-mm tip catheter 
in temperature-
controlled mode

Decapolar circular 
mapping catheter 
(Lasso)

NR Yes Unclear Heparin 4–6 months 
(coumadin)

Weerasooriya 
et al., 2003109

Radio frequency 
ablation

Segmental PV 
isolation

4-mm tip electrode 
catheter

Multielectrode 
catheters (Lasso or 
basket) guided by 
selective venous 
angiography

Complete 
disconnection of 
PV (abolition or 
dissociation of the 
distal PV potential)

2.5 In first 102 patients, only suspected 
arrhythmogenic PVs were targeted; 
in the remaining 50, three or four PVs 
were disconnected without attempts 
to identify arrhythmogenicity

Unclear Unclear Heparin NR

Weerasooriya 
et al., 2003111

RFCA Segmental PV 
isolation

NR Circumferential 
mapping catheter

NR Unclear Unclear NR
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Study Intervention
Ablation 
technique Catheter size

Mapping 
technique

How was 
end point of 
procedure 
defined?

PVs 
ablated, 
mean (SD) Other details

Were AADs 
discontinued 
before RFCA?

Return to 
AADs as part 
of treatment?

Anti-
coagulant

Length on 
anticoagulant

Saad et al., 
200396

Circumferential 
mapping and PV 
isolation

Segmental PV 
isolation

4-mm, 8-mm and 
cooled-tip ablation 
catheters

Circular mapping 
catheter (Lasso)

Electrical isolation 
of all PVs from the 
left atrium

Used in 264 patients Yes Yes

Electroanatomic 
mapping and PV 
isolation

CPVA 4-mm, 8-mm and 
cooled-tip ablation 
catheters

Electroanatomic 
mapping system 
(CARTO)

PV isolation, 
elimination of 
ectopic activity or 
both

Only superior PVs were targeted 
unless firing from other veins was 
noted

Yes Yes

Shah et al., 
2001100

Curative RFCA Segmental PV 
isolation

4-mm tip catheter 
or irrigated-tip 
catheter

7Fr multipolar 
mapping catheter(s) 
facilitated 
by selective 
angiography

Elimination of 
arrhythmias and/or 
elimination of distal 
PV activity in the 
ablated veins

2 Different mapping strategies used 
in different patient groups were 
described in the paper

Unclear Unclear Heparin At least 3 months

Shah et al., 
2003102

PV ablation Segmental PV 
isolation

4-mm tip 
quadripolar ablation 
catheter

Circular decapolar 
catheter guided 
by selective PV 
angiography

Elimination of PV 
potentials distal to 
the ablation site

3.4 Non-PV foci triggering AF were also 
ablated

Unclear Unclear Heparin Until appropriate 
INR levels 
achieved

Trevisi et al., 
2003104

Ostial PV 
disconnection

NR NR Disconnection of 
PVs

Unclear Yes 2 months

Verma et al., 
200565

PV antrum isolation Segmental PV 
isolation

8-mm tip Decapolar 
mapping catheter 
(Lasso) guided 
by intracardiac 
echocardiography

Complete electrical 
disconnection of 
the PV antrum 
from the left atrium

No ablation lines were drawn 
between the mitral annulus and PVs

Unclear Yes Heparin At least 3 months 
(on warfarin)

Wazni et al., 
2005107

Ostial isolation 
guided by 
intracardiac 
echocardiography

Segmental PV 
isolation

4-mm or cooled-tip 
catheter

Intracardiac 
echocardiography

NR In some patients, power titration 
was directed by formation of 
microbubbles with a cooled- or 
8-mm tip catheter

Yes Unclear Heparin 4–6 months 
(coumadin)

Ostial isolation 
guided by PV 
angiography

Segmental PV 
isolation

4-mm tip catheter 
in temperature-
controlled mode

Selective PV 
angiography

NR Yes Unclear Heparin 4–6 months 
(coumadin)

Ultrasound balloon 
system (CUVA)

Other PV isolation 0.035-inch luminal 
catheter

Custom-made 
mapping catheter

NR Yes Unclear Heparin 4–6 months 
(coumadin)

Electroanatomical 
mapping

CPVA 4-mm tip catheter 
in temperature-
controlled mode

Electroanatomical 
mapping (CARTO)

Yes Unclear Heparin 4–6 months 
(coumadin)

Distal isolation 
guided by circular 
mapping

Other PV isolation 4-mm tip catheter 
in temperature-
controlled mode

Decapolar circular 
mapping catheter 
(Lasso)

NR Yes Unclear Heparin 4–6 months 
(coumadin)

Weerasooriya 
et al., 2003109

Radio frequency 
ablation

Segmental PV 
isolation

4-mm tip electrode 
catheter

Multielectrode 
catheters (Lasso or 
basket) guided by 
selective venous 
angiography

Complete 
disconnection of 
PV (abolition or 
dissociation of the 
distal PV potential)

2.5 In first 102 patients, only suspected 
arrhythmogenic PVs were targeted; 
in the remaining 50, three or four PVs 
were disconnected without attempts 
to identify arrhythmogenicity

Unclear Unclear Heparin NR

Weerasooriya 
et al., 2003111

RFCA Segmental PV 
isolation

NR Circumferential 
mapping catheter

NR Unclear Unclear NR
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Study Intervention
Ablation 
technique Catheter size

Mapping 
technique

How was 
end point of 
procedure 
defined?

PVs 
ablated, 
mean (SD) Other details

Were AADs 
discontinued 
before RFCA?

Return to 
AADs as part 
of treatment?

Anti-
coagulant

Length on 
anticoagulant

Yamada et al., 
2006113

Segmental ostial 
catheter ablation 
(SOCA)

Segmental PV 
isolation

4-mm or 8-mm tip Multielectrode 
basket catheter 
with computerised 
3D mapping system

Abolition or 
dissociation of 
distal PV potentials

3.6 RF max 30 W (4-mm catheter) or 
40 W (8-mm catheter); additional RF 
deliveries in 8-mm group to edge of 
original electrical connections and 
between RF lesions on the continuous 
broad electrical connections identified 
by PV potential maps

Yes No Heparin NR

Yamane et al., 
2002115

PV ablation Segmental PV 
isolation

Quadripolar 
ablation catheter 
or irrigated-tip 
catheter

Decapolar circular 
mapping catheter 
(Lasso)

Elimination of 
PV conduction 
(abolition or 
dissociation of PV 
potentials distal to 
ablation site)

2.6 Unclear Unclear Heparin NR

Yu et al., 
2001117

RFCA Other PV isolation 4-mm tip electrode 6Fr decapolar 
catheters guided 
by selective PV 
angiography

Success is absence 
of ectopic beats 
and inability to 
reinitiate AF using 
pre-RFCA protocol

Presumed ablation site chosen at 
earliest bipolar activity and/or local 
unipolar QS pattern of ectopic beats 
preceding AF from the PVs

Unclear Unclear Heparin 2 months 
(warfarin)

CFAE, complex fractionated atrial electrograms; CTI, cavotricuspid isthmus; CPVA, circumferential pulmonary vein ablation; 
ICE, intracardiac electrocardiography; INR, international normalised ratio; LA, left atrium; LI, left inferior pulmonary vein; LS, 
left superior pulmonary vein; NR, not reported; PV, pulmonary vein; PVI, pulmonary vein isolation; RA, right atrium; RI, right 
inferior pulmonary vein; RS, right superior pulmonary vein; SPVA, segmental pulmonary vein ablation; SR, sinus rhythm; SVC, 
superior vena cava; TOE, transoesophageal echocardiography.
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Study Intervention
Ablation 
technique Catheter size

Mapping 
technique

How was 
end point of 
procedure 
defined?

PVs 
ablated, 
mean (SD) Other details

Were AADs 
discontinued 
before RFCA?

Return to 
AADs as part 
of treatment?

Anti-
coagulant

Length on 
anticoagulant

Yamada et al., 
2006113

Segmental ostial 
catheter ablation 
(SOCA)

Segmental PV 
isolation

4-mm or 8-mm tip Multielectrode 
basket catheter 
with computerised 
3D mapping system

Abolition or 
dissociation of 
distal PV potentials

3.6 RF max 30 W (4-mm catheter) or 
40 W (8-mm catheter); additional RF 
deliveries in 8-mm group to edge of 
original electrical connections and 
between RF lesions on the continuous 
broad electrical connections identified 
by PV potential maps

Yes No Heparin NR

Yamane et al., 
2002115

PV ablation Segmental PV 
isolation

Quadripolar 
ablation catheter 
or irrigated-tip 
catheter

Decapolar circular 
mapping catheter 
(Lasso)

Elimination of 
PV conduction 
(abolition or 
dissociation of PV 
potentials distal to 
ablation site)

2.6 Unclear Unclear Heparin NR

Yu et al., 
2001117

RFCA Other PV isolation 4-mm tip electrode 6Fr decapolar 
catheters guided 
by selective PV 
angiography

Success is absence 
of ectopic beats 
and inability to 
reinitiate AF using 
pre-RFCA protocol

Presumed ablation site chosen at 
earliest bipolar activity and/or local 
unipolar QS pattern of ectopic beats 
preceding AF from the PVs

Unclear Unclear Heparin 2 months 
(warfarin)

CFAE, complex fractionated atrial electrograms; CTI, cavotricuspid isthmus; CPVA, circumferential pulmonary vein ablation; 
ICE, intracardiac electrocardiography; INR, international normalised ratio; LA, left atrium; LI, left inferior pulmonary vein; LS, 
left superior pulmonary vein; NR, not reported; PV, pulmonary vein; PVI, pulmonary vein isolation; RA, right atrium; RI, right 
inferior pulmonary vein; RS, right superior pulmonary vein; SPVA, segmental pulmonary vein ablation; SR, sinus rhythm; SVC, 
superior vena cava; TOE, transoesophageal echocardiography.
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Appendix 3.5: Immediate complications: atrial fibrillation case series

Study
Number 
ablated

Stroke/
CVA

Cerebroembolic 
complications Ischaemia Tamponade

Pericardial 
effusion

Haemo- 
pericardium

PV 
stenosis

Respiratory 
symptoms AV block

Pulmonary 
oedema Haematoma Fistula

Vascular 
complications

Thrombosis/
thrombus

Coronary 
spasm Charring

Beukema et 
al., 200575

105 1/105 (1%)

Chen et al., 
200482

377 5/377 
(1.3%)

2/377 (0.5%) 1/377 
(0.3%)

Della Bella 
et al., 200568

234 1/234 
(0.4%)

3/234 (1.3%) 8/234 
(3.4%)

2/234 (0.9%)

Fassini et al., 
200593

187 1/187 
(0.5%)

1/187 (0.5%)

Hsu et al., 
2004101

116 1/116 
(0.9%)

2/116 (1.7%)

Jais et al., 
2004103

200 4/200 (2%)

Kilicaslan et 
al., 2005108

202 4/202 (2%)

Kottkamp et 
al., 2004112a

100 0/100 
(0%)

0/100 (0%) 0/100 (0%)

Liu et al., 
2005118

130 1/130 
(0.8%)

1/130 (0.8%)

Macle et al., 
200274

136 1/136 
(0.7%)

Marchlinski 
et al., 200376

107 1/107 (0.9%)

Marrouche 
et al., 200278

211 2/211 
(0.9%)

2/211 (0.9%) 5/211 
(2.4%)

Nademanee 
et al., 200279

214 1/214 
(0.5%)

5/214 (2.3%) 6/214 (2.8%)

Nademanee 
et al., 200481

121 1/121 
(0.8%)

2/121 (1.7%) 1/121 
(0.8%)

1/121 
(0.8%)

1/121 
(0.8%)

Nilsson et 
al., 200664

100 2/100 
(2%)

2/100 (2%) 5/100 (5%)

Pappone et 
al., 200186

127 5/127 
(3.9%)

2/127 (1.6%) 1/127 
(0.8%)

Pappone et 
al., 200188

251 2/251 (0.8%) 2/251 
(0.8%)

30/251 
(12%)

Pappone et 
al., 200490

560 4/560 (0.7%) 5/560 (0.9%)

Ren et al., 
200494b

232 0/232 
(0%)

0/232 (0%) 0/232 (0%) 24/232 
(10.3%)

Saad et al., 
200398

608 4/608 
(0.7%)

3/608 (0.5%) 3/608 (0.5%)

Wazni et al., 
2005107

785 12/785 (1.5%) 2/785 (0.3%) 2/785 
(0.3%)

5/785 (0.6%) 5/785 (0.6%) 95/785 
(12.1%)

Yamane et 
al., 2002115

157 2/157 
(1.3%)

AV, atrioventricular; CVA, cardiovascular accident; PV, pulmonary vein.
a This study reported no procedure-related complications.
b This study reported no clinical complications other than thrombus.
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Appendix 3.5: Immediate complications: atrial fibrillation case series

Study
Number 
ablated

Stroke/
CVA

Cerebroembolic 
complications Ischaemia Tamponade

Pericardial 
effusion

Haemo- 
pericardium

PV 
stenosis

Respiratory 
symptoms AV block

Pulmonary 
oedema Haematoma Fistula

Vascular 
complications

Thrombosis/
thrombus

Coronary 
spasm Charring

Beukema et 
al., 200575

105 1/105 (1%)

Chen et al., 
200482

377 5/377 
(1.3%)

2/377 (0.5%) 1/377 
(0.3%)

Della Bella 
et al., 200568

234 1/234 
(0.4%)

3/234 (1.3%) 8/234 
(3.4%)

2/234 (0.9%)

Fassini et al., 
200593

187 1/187 
(0.5%)

1/187 (0.5%)

Hsu et al., 
2004101

116 1/116 
(0.9%)

2/116 (1.7%)

Jais et al., 
2004103

200 4/200 (2%)

Kilicaslan et 
al., 2005108

202 4/202 (2%)

Kottkamp et 
al., 2004112a

100 0/100 
(0%)

0/100 (0%) 0/100 (0%)

Liu et al., 
2005118

130 1/130 
(0.8%)

1/130 (0.8%)

Macle et al., 
200274

136 1/136 
(0.7%)

Marchlinski 
et al., 200376

107 1/107 (0.9%)

Marrouche 
et al., 200278

211 2/211 
(0.9%)

2/211 (0.9%) 5/211 
(2.4%)

Nademanee 
et al., 200279

214 1/214 
(0.5%)

5/214 (2.3%) 6/214 (2.8%)

Nademanee 
et al., 200481

121 1/121 
(0.8%)

2/121 (1.7%) 1/121 
(0.8%)

1/121 
(0.8%)

1/121 
(0.8%)

Nilsson et 
al., 200664

100 2/100 
(2%)

2/100 (2%) 5/100 (5%)

Pappone et 
al., 200186

127 5/127 
(3.9%)

2/127 (1.6%) 1/127 
(0.8%)

Pappone et 
al., 200188

251 2/251 (0.8%) 2/251 
(0.8%)

30/251 
(12%)

Pappone et 
al., 200490

560 4/560 (0.7%) 5/560 (0.9%)

Ren et al., 
200494b

232 0/232 
(0%)

0/232 (0%) 0/232 (0%) 24/232 
(10.3%)

Saad et al., 
200398

608 4/608 
(0.7%)

3/608 (0.5%) 3/608 (0.5%)

Wazni et al., 
2005107

785 12/785 (1.5%) 2/785 (0.3%) 2/785 
(0.3%)

5/785 (0.6%) 5/785 (0.6%) 95/785 
(12.1%)

Yamane et 
al., 2002115

157 2/157 
(1.3%)

AV, atrioventricular; CVA, cardiovascular accident; PV, pulmonary vein.
a This study reported no procedure-related complications.
b This study reported no clinical complications other than thrombus.
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Appendix 3.6: Complications at 12 months: atrial fibrillation case series

Study
Number 
ablated Stroke/CVA Tamponade

Pericardial 
effusion PV stenosis Other

Berkowitsch 
et al., 200571

104 18/104 (17%)

Beukema et 
al., 200575

105

Deisenhofer 
et al., 200484

115

Della Bella et 
al., 200568

234

Essebag et al., 
200591

102

Fassini et al., 
200593

187

Hindricks et 
al., 200597

114

Jais et al., 
2004103

200

Kottkamp et 
al., 2004112

100

Kumagai et al., 
2005114

100 1/100 (1%) 18/100 (18%) Unilateral 
quadrantopsia 
1/100 (1%)

Marchlinski et 
al., 200376

107

Marrouche et 
al., 200278

211

Nademanee 
et al., 200481a

121 0/121 (0%) 0/121 (0%) 0/121 (0%) 0/121 (0%) 0/121 (0%)

Nilsson et al., 
200664

100

Oral et al., 
200485

188

Oral et al., 
200483

176

Pappone et 
al., 200490

560

Saad et al., 
200396

335 18/335 (5.4%)

CVA, cardiovascular accident; PV, pulmonary vein.
a This study reported no late complications.
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Appendix 3.7: Complications at mean follow-up: atrial fibrillation case  
series

Study
Number 
ablated

Mean 
follow-up 
(months) 

Stroke/
CVA

Cerebroembolic 
complications TIA Tamponade

Pericardial 
effusion

Haemo-
pericardium Pericarditis

PV 
stenosis AV block Haematoma

Coronary 
spasm

Pneumo- 
haemothorax

Phrenic 
nerve 
paralysis

Pseudo-
aneurysm Other

Bertaglia et al., 
200573

143 18.7 1/143 
(0.7%)

2/143 
(1.4%)

1/143 
(0.7%)

1/143 
(0.7%)

1/143 
(0.7%)

Bhargava et 
al., 200477

323 14.8 3/323 
(0.9%)

2/323 
(0.6%)

3/323 
(0.9%)

6/323 
(1.9%)

Della Bella et 
al., 200568

234 13 3/234 
(1.3%)

Ernst et al., 
200389

196 17 1/196 
(0.5%)

2/196 
(1%)

2/196 (1%)

Herweg et al., 
200595

170 18 1/170 
(0.6%)a

Kilicaslan et 
al., 2005106

1125 18.2 7/1125 (0.6%) 2/1125

(0.2%)

4/1125 
(0.4%)

Oral et al., 
200483

176 15 1/176 
(0.6%)

5/176 
(2.8%)

1/176 
(0.6%)b

Purerfellner et 
al., 200692

117 21 2/117 
(1.7%)

2/117 
(1.7%)

2/117 
(1.7%)

1/117 
(0.9%)

9/117 
(7.7%)

2/117 (1.7%) 2/117 (1.7%)

Shah et al., 
2001100

200 16 2/200 
(1%)

2/200 (1%) 2/200 (1%)

Shah et al., 
2003102

160 8 2/160 
(1.2%)

3/160 
(1.9%)

1/160 
(0.6%)

Weerasooriya 
et al., 2003111c

118 8 0/118 
(0%)

0/118 (0%) 0/118 (0%)

Yu et al., 
2001117

102 7 34/102 
(33.3%)

AV, atrioventricular; CVA, cardiovascular accident; PV, pulmonary vein, TIA, transient ischaemic attack.
a Ventilation perfusion defect.
b Retinal artery embolism.
c Study reported no significant complications.
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Appendix 3.7: Complications at mean follow-up: atrial fibrillation case  
series

Study
Number 
ablated

Mean 
follow-up 
(months) 

Stroke/
CVA

Cerebroembolic 
complications TIA Tamponade

Pericardial 
effusion

Haemo-
pericardium Pericarditis

PV 
stenosis AV block Haematoma

Coronary 
spasm

Pneumo- 
haemothorax

Phrenic 
nerve 
paralysis

Pseudo-
aneurysm Other

Bertaglia et al., 
200573

143 18.7 1/143 
(0.7%)

2/143 
(1.4%)

1/143 
(0.7%)

1/143 
(0.7%)

1/143 
(0.7%)

Bhargava et 
al., 200477

323 14.8 3/323 
(0.9%)

2/323 
(0.6%)

3/323 
(0.9%)

6/323 
(1.9%)

Della Bella et 
al., 200568

234 13 3/234 
(1.3%)

Ernst et al., 
200389

196 17 1/196 
(0.5%)

2/196 
(1%)

2/196 (1%)

Herweg et al., 
200595

170 18 1/170 
(0.6%)a

Kilicaslan et 
al., 2005106

1125 18.2 7/1125 (0.6%) 2/1125

(0.2%)

4/1125 
(0.4%)

Oral et al., 
200483

176 15 1/176 
(0.6%)

5/176 
(2.8%)

1/176 
(0.6%)b

Purerfellner et 
al., 200692

117 21 2/117 
(1.7%)

2/117 
(1.7%)

2/117 
(1.7%)

1/117 
(0.9%)

9/117 
(7.7%)

2/117 (1.7%) 2/117 (1.7%)

Shah et al., 
2001100

200 16 2/200 
(1%)

2/200 (1%) 2/200 (1%)

Shah et al., 
2003102

160 8 2/160 
(1.2%)

3/160 
(1.9%)

1/160 
(0.6%)

Weerasooriya 
et al., 2003111c

118 8 0/118 
(0%)

0/118 (0%) 0/118 (0%)

Yu et al., 
2001117

102 7 34/102 
(33.3%)

AV, atrioventricular; CVA, cardiovascular accident; PV, pulmonary vein, TIA, transient ischaemic attack.
a Ventilation perfusion defect.
b Retinal artery embolism.
c Study reported no significant complications.
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Appendix 3.9: Intervention details: atrial flutter case series

Study Intervention
Ablation 
technique Catheter size Mapping technique

How was end point of 
procedure defined? Other details

Were AADs 
discontinued before 
RFCA?

Return to AADs as 
part of treatment? Anticoagulant

Length on 
anticoagulant

Andronache 
et al., 
2003125

RF ablation Anterior 
CTI 
ablation

8-mm or 10-mm 
tip electrodes

24-pole mapping catheter 
and quadripolar CTI 
mapping/ablation catheter

Bidirectional conduction 
block lasting > 30 minutes

Unclear No Heparin Not reported

Bertaglia et 
al., 2004119

RFCA Posterior 
CTI 
ablation

4-mm distal tip, 
8-mm distal tip, 
10-mm distal tip 
or 4-mm distal 
irrigated tip

Multipolar mapping 
catheters

Complete conduction 
block between tricuspid 
valve and inferior vena 
cava (posterior isthmus)

If first attempt was 
unsuccessful a line was 
drawn between the 
septal portion of the 
tricuspid valve, the 
ostium of the coronary 
sinus and the inferior 
vena cava (septal 
isthmus)

Unclear Unclear Heparin At least 4 weeks

Calkins et 
al., 2004126

RFCA CTI 
ablation

8-mm tip 7Fr 
quadripolar 
catheter

Not reported Bidirectional isthmus block 
lasting > 30 minutes

Yes Unclear Warfarin 3 weeks

Chen et al., 
2002127

RF ablation CTI 
ablation

Deflectable 
quadripolar 
catheters, 4-, 8- 
or 10-mm tips

24-pole mapping catheter 
in the right atrium

Bidirectional conduction 
for at least 30 minutes

Ablation was performed 
from the ventricular 
side progressively to 
the inferior vena cava 
under fluoroscopic 
control. Conduction was 
monitored continuously 
during RF energy 
delivery

Yes No Not reported

Da Costa et 
al., 2002128

RF ablation of 
atrial flutter

CTI 
ablation

8-mm tip Not stated Bidirectional block Unclear Unclear Not stated

Da Costa et 
al., 2003122

RFCA CTI 
ablation

8-mm tip catheter Quadripolar and 
dodecapolar mapping 
catheters

Complete bidirectional 
isthmus block

Unclear Unclear Heparin 7 days

Da Costa et 
al., 2004129

RFCA CTI 
ablation

8-mm tip or 
cooled-tip 
catheter

Quadripolar and 
dodecapolar mapping 
catheters with right atrial 
angiography

Complete bidirectional 
isthmus block

Yes Unclear Heparin 7 days on heparin then 
oral anticoagulant or 
aspirin

Da Costa et 
al., 2005123

RFCA CTI 
ablation

Not stated Not stated Complete bidirectional 
isthmus block

Inferior vena cava–
tricuspid isthmus 
ablation

Unclear Unclear Not stated

Feld et al., 
2004120

RFCA CTI 
ablation

8-mm or 10-mm 
tip investigational 
catheter

Standard multielectrode 
catheters; three-
dimensional contact or 
non-contact mapping was 
allowed

Bidirectional isthmus block 8-mm and 10-mm tip 
catheters were used 
in approximately equal 
numbers in a non-
randomised fashion. 
100 W RF generator 
used

Unclear Unclear 1–6 months 

Gilligan et 
al., 2003130

Typical atrial 
flutter ablation

CTI 
ablation

4-mm, 5-mm or 
8-mm tip

Quadripolar recording 
catheter or 20-pole 
Halo catheter (Cordis-
Webster)

Termination of arrhythmia 
and bidirectional block 
(non-inducibility of flutter 
in first 16 patients)

Yes Unclear Warfarin 4 weeks

Heidbuchel 
et al., 
2006131

Flutter ablation CTI 
ablation

4-mm or 6-mm 
tip or irrigated-tip 
electrodes

Mapping catheters guided 
by RA angiography

Bidirectional conductance 
block

No Yes Not reported

continued
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Appendix 3.9: Intervention details: atrial flutter case series

Study Intervention
Ablation 
technique Catheter size Mapping technique

How was end point of 
procedure defined? Other details

Were AADs 
discontinued before 
RFCA?

Return to AADs as 
part of treatment? Anticoagulant

Length on 
anticoagulant

Andronache 
et al., 
2003125

RF ablation Anterior 
CTI 
ablation

8-mm or 10-mm 
tip electrodes

24-pole mapping catheter 
and quadripolar CTI 
mapping/ablation catheter

Bidirectional conduction 
block lasting > 30 minutes

Unclear No Heparin Not reported

Bertaglia et 
al., 2004119

RFCA Posterior 
CTI 
ablation

4-mm distal tip, 
8-mm distal tip, 
10-mm distal tip 
or 4-mm distal 
irrigated tip

Multipolar mapping 
catheters

Complete conduction 
block between tricuspid 
valve and inferior vena 
cava (posterior isthmus)

If first attempt was 
unsuccessful a line was 
drawn between the 
septal portion of the 
tricuspid valve, the 
ostium of the coronary 
sinus and the inferior 
vena cava (septal 
isthmus)

Unclear Unclear Heparin At least 4 weeks

Calkins et 
al., 2004126

RFCA CTI 
ablation

8-mm tip 7Fr 
quadripolar 
catheter

Not reported Bidirectional isthmus block 
lasting > 30 minutes

Yes Unclear Warfarin 3 weeks

Chen et al., 
2002127

RF ablation CTI 
ablation

Deflectable 
quadripolar 
catheters, 4-, 8- 
or 10-mm tips

24-pole mapping catheter 
in the right atrium

Bidirectional conduction 
for at least 30 minutes

Ablation was performed 
from the ventricular 
side progressively to 
the inferior vena cava 
under fluoroscopic 
control. Conduction was 
monitored continuously 
during RF energy 
delivery

Yes No Not reported

Da Costa et 
al., 2002128

RF ablation of 
atrial flutter

CTI 
ablation

8-mm tip Not stated Bidirectional block Unclear Unclear Not stated

Da Costa et 
al., 2003122

RFCA CTI 
ablation

8-mm tip catheter Quadripolar and 
dodecapolar mapping 
catheters

Complete bidirectional 
isthmus block

Unclear Unclear Heparin 7 days

Da Costa et 
al., 2004129

RFCA CTI 
ablation

8-mm tip or 
cooled-tip 
catheter

Quadripolar and 
dodecapolar mapping 
catheters with right atrial 
angiography

Complete bidirectional 
isthmus block

Yes Unclear Heparin 7 days on heparin then 
oral anticoagulant or 
aspirin

Da Costa et 
al., 2005123

RFCA CTI 
ablation

Not stated Not stated Complete bidirectional 
isthmus block

Inferior vena cava–
tricuspid isthmus 
ablation

Unclear Unclear Not stated

Feld et al., 
2004120

RFCA CTI 
ablation

8-mm or 10-mm 
tip investigational 
catheter

Standard multielectrode 
catheters; three-
dimensional contact or 
non-contact mapping was 
allowed

Bidirectional isthmus block 8-mm and 10-mm tip 
catheters were used 
in approximately equal 
numbers in a non-
randomised fashion. 
100 W RF generator 
used

Unclear Unclear 1–6 months 

Gilligan et 
al., 2003130

Typical atrial 
flutter ablation

CTI 
ablation

4-mm, 5-mm or 
8-mm tip

Quadripolar recording 
catheter or 20-pole 
Halo catheter (Cordis-
Webster)

Termination of arrhythmia 
and bidirectional block 
(non-inducibility of flutter 
in first 16 patients)

Yes Unclear Warfarin 4 weeks

Heidbuchel 
et al., 
2006131

Flutter ablation CTI 
ablation

4-mm or 6-mm 
tip or irrigated-tip 
electrodes

Mapping catheters guided 
by RA angiography

Bidirectional conductance 
block

No Yes Not reported

continued
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Study Intervention
Ablation 
technique Catheter size Mapping technique

How was end point of 
procedure defined? Other details

Were AADs 
discontinued before 
RFCA?

Return to AADs as 
part of treatment? Anticoagulant

Length on 
anticoagulant

Hsieh et al., 
2002132

RFCA CTI 
ablation

4-mm or 8-mm 
tip

Decapolar catheter in 
coronary sinus, two 
quadripolar catheters 
in low right atrium, plus 
deflectable 20-electrode 
Halo catheter

Bidirectional isthmus 
conduction block and no 
induction of typical AFl

RF energy was applied 
during pullback of the 
ablation catheter from 
the tricuspid annulus 
towards the inferior 
vena cava

Yes Unclear Not reported

Jais et al., 
2001133

Common flutter 
ablation

CTI 
ablation

Irrigated-tip 
catheter

Flutter termination with 
bidirectional isthmus block 
and complete line of block

Ablation was not 
performed in the septal 
isthmus or inside the 
ostium of the coronary 
sinus

Unclear Unclear Heparin Not reported

Loutrianakis 
et al., 
2002134

RFCA Anterior 
CTI 
ablation

4-mm tip catheter Multisite activation 
mapping

Bidirectional isthmus block 
with termination of AFl 
and non-inducibility of 
spontaneous AFl

A long, linear ablation 
line was produced if 
possible. If conduction 
persisted more lesions 
were created along 
the same line and/or a 
second linear lesion was 
created

Unclear Unclear Heparin Not reported

Mantovan et 
al., 2002135

RF ablation of 
atrial flutter

CTI 
ablation

4-mm, 8-mm, 
4+4-mm or 
irrigated tip

Not stated Bidirectional isthmus block Inferior isthmus ablation 
(between tricuspid 
annulus and inferior 
vena cava) and/or 
septal isthmus ablation 
(between tricuspid 
annulus and coronary 
sinus ostium)

Unclear Unclear Not stated

Marrouche 
et al., 
2003136

Ablation of 
isthmus-
dependent atrial 
flutter

CTI 
ablation

Standard 4-mm, 
high-power 8-mm 
or 10-mm, or 
cooled tip

Mapping catheter or 
CARTO

Bidirectional block across 
the ablation line

RF energy applied 
between the tricuspid 
annulus and the 
Eustachian ridge

Yes Unclear

Ozaydin et 
al., 2003137

CTI ablation CTI 
ablation

4-mm tip catheter Duodecapolar Halo 
catheter plus quadripolar 
mapping/ablation catheter 
under fluoroscopic 
guidance

Complete bidirectional 
conduction block across 
the CTI

If complete block could 
not be achieved after 
three passes, a new 
ablation line was created 
at a different site in the 
CTI

Unclear Unclear Not reported

Paydak et 
al., 199830

Atrial flutter 
ablation

CTI 
ablation

4-, 5- or 8-mm 
standard

Quadripolar catheter 
or 20-electrode Halo 
catheter

Termination and non-
inducibility of flutter, with/
without bidirectional block

Line of conduction block 
between the tricuspid 
annulus and Eustachian 
ridge/inferior vena cava

Yes No Heparin Unclear

Schmieder 
et al., 
2003138

RF ablation 
(anatomical 
approach)

CTI 
ablation

8-mm tip, cooled 
tip or 4-mm tip 
ablation catheter

20-polar catheter in 
tricuspid annulus and 
8-polar mapping catheter 
in coronary sinus

Bidirectional isthmus block 
and arrhythmia no longer 
inducible

Yes Unclear At least 2 months

Schreieck et 
al., 2002124

Ablation of 
typical atrial 
flutter

CTI 
ablation

8-mm standard or 
4-mm cooled tip

Halo mapping catheter Flutter termination and 
bidirectional isthmus block

Ablation line was not 
drawn near the septal 
aspect of the isthmus

Unclear Unclear 3 months

Stovicek et 
al., 2006139

RFCA CTI 
ablation

8-mm tip or 
4-mm cooled-tip 
catheters

Duodecapolar Halo 
catheter and decapolar 
catheter in coronary sinus

Bidirectional CTI 
conduction block

Patients were observed 
for at least 30 minutes 
after CTI block and 
further RF was delivered 
if conduction recurred

Unclear Unclear Not reported

continued
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Study Intervention
Ablation 
technique Catheter size Mapping technique

How was end point of 
procedure defined? Other details

Were AADs 
discontinued before 
RFCA?

Return to AADs as 
part of treatment? Anticoagulant

Length on 
anticoagulant

Hsieh et al., 
2002132

RFCA CTI 
ablation

4-mm or 8-mm 
tip

Decapolar catheter in 
coronary sinus, two 
quadripolar catheters 
in low right atrium, plus 
deflectable 20-electrode 
Halo catheter

Bidirectional isthmus 
conduction block and no 
induction of typical AFl

RF energy was applied 
during pullback of the 
ablation catheter from 
the tricuspid annulus 
towards the inferior 
vena cava

Yes Unclear Not reported

Jais et al., 
2001133

Common flutter 
ablation

CTI 
ablation

Irrigated-tip 
catheter

Flutter termination with 
bidirectional isthmus block 
and complete line of block

Ablation was not 
performed in the septal 
isthmus or inside the 
ostium of the coronary 
sinus

Unclear Unclear Heparin Not reported

Loutrianakis 
et al., 
2002134

RFCA Anterior 
CTI 
ablation

4-mm tip catheter Multisite activation 
mapping

Bidirectional isthmus block 
with termination of AFl 
and non-inducibility of 
spontaneous AFl

A long, linear ablation 
line was produced if 
possible. If conduction 
persisted more lesions 
were created along 
the same line and/or a 
second linear lesion was 
created

Unclear Unclear Heparin Not reported

Mantovan et 
al., 2002135

RF ablation of 
atrial flutter

CTI 
ablation

4-mm, 8-mm, 
4+4-mm or 
irrigated tip

Not stated Bidirectional isthmus block Inferior isthmus ablation 
(between tricuspid 
annulus and inferior 
vena cava) and/or 
septal isthmus ablation 
(between tricuspid 
annulus and coronary 
sinus ostium)

Unclear Unclear Not stated

Marrouche 
et al., 
2003136

Ablation of 
isthmus-
dependent atrial 
flutter

CTI 
ablation

Standard 4-mm, 
high-power 8-mm 
or 10-mm, or 
cooled tip

Mapping catheter or 
CARTO

Bidirectional block across 
the ablation line

RF energy applied 
between the tricuspid 
annulus and the 
Eustachian ridge

Yes Unclear

Ozaydin et 
al., 2003137

CTI ablation CTI 
ablation

4-mm tip catheter Duodecapolar Halo 
catheter plus quadripolar 
mapping/ablation catheter 
under fluoroscopic 
guidance

Complete bidirectional 
conduction block across 
the CTI

If complete block could 
not be achieved after 
three passes, a new 
ablation line was created 
at a different site in the 
CTI

Unclear Unclear Not reported

Paydak et 
al., 199830

Atrial flutter 
ablation

CTI 
ablation

4-, 5- or 8-mm 
standard

Quadripolar catheter 
or 20-electrode Halo 
catheter

Termination and non-
inducibility of flutter, with/
without bidirectional block

Line of conduction block 
between the tricuspid 
annulus and Eustachian 
ridge/inferior vena cava

Yes No Heparin Unclear

Schmieder 
et al., 
2003138

RF ablation 
(anatomical 
approach)

CTI 
ablation

8-mm tip, cooled 
tip or 4-mm tip 
ablation catheter

20-polar catheter in 
tricuspid annulus and 
8-polar mapping catheter 
in coronary sinus

Bidirectional isthmus block 
and arrhythmia no longer 
inducible

Yes Unclear At least 2 months

Schreieck et 
al., 2002124

Ablation of 
typical atrial 
flutter

CTI 
ablation

8-mm standard or 
4-mm cooled tip

Halo mapping catheter Flutter termination and 
bidirectional isthmus block

Ablation line was not 
drawn near the septal 
aspect of the isthmus

Unclear Unclear 3 months

Stovicek et 
al., 2006139

RFCA CTI 
ablation

8-mm tip or 
4-mm cooled-tip 
catheters

Duodecapolar Halo 
catheter and decapolar 
catheter in coronary sinus

Bidirectional CTI 
conduction block

Patients were observed 
for at least 30 minutes 
after CTI block and 
further RF was delivered 
if conduction recurred

Unclear Unclear Not reported

continued
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Study Intervention
Ablation 
technique Catheter size Mapping technique

How was end point of 
procedure defined? Other details

Were AADs 
discontinued before 
RFCA?

Return to AADs as 
part of treatment? Anticoagulant

Length on 
anticoagulant

Ventura et 
al., 2003140

RFCA CTI 
ablation

4-mm or 8-mm 
tip ablation 
catheter

20-pole electrode 
mapping catheter

Bidirectional isthmus block Additional RF pulses 
were applied to fill 
gaps in ablation line. An 
additional short ablation 
line was drawn parallel 
to the first if necessary

Unclear Unclear

Ventura et 
al., 2004141

RF current 
ablation

CTI 
ablation

Open cooled-tip 
or solid 8-mm tip 
catheters

Decapolar mapping 
catheter

Bidirectional isthmus block Additional RF pulses 
were applied to fill 
gaps in ablation line. 
An additional line was 
drawn parallel to the 
original line in cases of 
failure

No Unclear Not reported

AFl, atrial flutter; CTI, cavotricuspid isthmus; RA, right atrium.

Appendix 3.9: Intervention details: atrial flutter case series
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Study Intervention
Ablation 
technique Catheter size Mapping technique

How was end point of 
procedure defined? Other details

Were AADs 
discontinued before 
RFCA?

Return to AADs as 
part of treatment? Anticoagulant

Length on 
anticoagulant

Ventura et 
al., 2003140

RFCA CTI 
ablation

4-mm or 8-mm 
tip ablation 
catheter

20-pole electrode 
mapping catheter

Bidirectional isthmus block Additional RF pulses 
were applied to fill 
gaps in ablation line. An 
additional short ablation 
line was drawn parallel 
to the first if necessary

Unclear Unclear

Ventura et 
al., 2004141

RF current 
ablation

CTI 
ablation

Open cooled-tip 
or solid 8-mm tip 
catheters

Decapolar mapping 
catheter

Bidirectional isthmus block Additional RF pulses 
were applied to fill 
gaps in ablation line. 
An additional line was 
drawn parallel to the 
original line in cases of 
failure

No Unclear Not reported

AFl, atrial flutter; CTI, cavotricuspid isthmus; RA, right atrium.
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Appendix 3.11: Complications at mean follow-up: atrial flutter case  
series

Author
Number 
ablated

Mean follow-up
(months) AV block Haematoma Mortality

Other 
complications

Bertaglia et 
al., 2004119

383 20.5 2/383 
(0.5%)

3/383 (0.8%) Four unspecified 
‘complications’

Da Costa et 
al., 2002128

161 15 NR No complications

Da Costa et 
al., 2005123

176 23.4 1/176 (0.6%) NR

Hsieh et al., 
2002132

333 29 31/333 (9.3%)

Loutrianakis 
et al., 2002134

104 28 13/104 
(12.5%)

Schmieder et 
al., 2003138

363 16.3 6/363 (1.7%)

AV, atrioventricular; NR, not reported.

Appendix 3.12: Immediate complications: atrial flutter case series

Author
Number 
ablated AV block

Ventricular 
tachycardia/
fibrillation Hypotension Haematoma

False femoral 
aneurysm Fistulas Thrombosis

Vascular 
complications

Pericardial 
effusion Pleural effusion Other 

Andronache et al., 
2003125

100 No significant 
complications

Bertaglia et al., 
2004119

383 2/383 
(0.5%)

1/383 (0.3%) 2/383 (0.5%) 1/383 (0.3%)

Calkins et al., 2004126 150 1/150 (0.7%) 1/150 (0.7%) 1/150 (0.7%) 1/150 (0.7%)

Chen et al., 2002127 124 No significant 
complications

Da Costa et al., 
2003122

248 No significant 
complications

Da Costa et al., 
2004129

185 2/185 (1%)

Feld et al., 2004120 169 Eighta major 
adverse events in 
six patients

Jais et al., 2001133 221 5/221 (2.3%) 2/221 (0.9%)

Loutrianakis et al., 
2002134

104 No significant 
complications 

Mantovan et al., 
2002135

417 2/417 
(0.5%)

1/417 (0.2%) 4/417 (1%)

Schmieder et al., 
2003138

363 3/363 
(0.8%)

4/363 (1.1%) 2/363 (0.6%)

Schreieck et al., 
2002124

100 1/100 (1%) 2/100 (2%)

Ventura et al., 2003140 174 No significant 
complications

AV, atrioventricular.
a One clearly not procedure related.
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Appendix 3.12: Immediate complications: atrial flutter case series

Author
Number 
ablated AV block

Ventricular 
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fibrillation Hypotension Haematoma

False femoral 
aneurysm Fistulas Thrombosis

Vascular 
complications

Pericardial 
effusion Pleural effusion Other 
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Chen et al., 2002127 124 No significant 
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Da Costa et al., 
2004129

185 2/185 (1%)

Feld et al., 2004120 169 Eighta major 
adverse events in 
six patients

Jais et al., 2001133 221 5/221 (2.3%) 2/221 (0.9%)

Loutrianakis et al., 
2002134

104 No significant 
complications 

Mantovan et al., 
2002135

417 2/417 
(0.5%)

1/417 (0.2%) 4/417 (1%)

Schmieder et al., 
2003138

363 3/363 
(0.8%)

4/363 (1.1%) 2/363 (0.6%)

Schreieck et al., 
2002124

100 1/100 (1%) 2/100 (2%)

Ventura et al., 2003140 174 No significant 
complications

AV, atrioventricular.
a One clearly not procedure related.
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Appendix 4  

Clinical evaluation of RFCA in  
atrial fibrillation: additional analyses

Meta-analysis of all RCTs evaluating RFCA against AADs in paroxysmal 
atrial fibrillation: freedom from arrhythmia at 12 months (per protocol)

Review: Catheter ablation for atrial fibrillation and flutter
Comparison: 02 AF: RFCA vs AAD maintenance therapy
Outcome: 01 Freedom from arrhythmia at 12 months: per protocol

Study or 
subcategory

RFCA
n/N

AADs
n/N

RR (fixed) 
95% CI

Weight
%

RR (fixed) 
95% CI Year

Krittayaphong, 200357 11/14 6/15 10.16 1.96 (1.00–3.87) 2003
Wazni, 200660 28/32 13/35 21.79 2.36 (1.50–3.70) 2005
Jais, 200663 40/53 4/59 6.64 11.13 (4.27–29.03) 2006
Pappone, 200361 85/99 35/99 61.41 2.43 (1.84–3.21) 2006

Total (95% CI) 198 208 100.00 2.94 (2.35–3.68)
Total events: 164 (RFCA), 58 (AADs)
Test for heterogeneity: χ2 = 11.54, df = 3 (p = 0.009), I2 = 74.0%
Test for overall effect: z = 9.44 (p < 0.00001)

 0.01  0.1  1  10  100
Favours AADs Favours ablation

RFCA versus long-term AAD therapy in studies with 100% paroxysmal 
atrial fibrillation patients: freedom from arrhythmia at 12 months

Review: Catheter ablation for atrial fibrillation and flutter
Comparison: 02 AF: CA vs AAD maintenance therapy
Outcome: 01 Freedom from arrhythmia at 12 months: per protocol

Study or 
subcategory

CA
n/N

AADs
n/N

RR (fixed) 
95% CI

Weight
%

RR (fixed) 
95% CI Year

Wazni, 200660 28/32 13/35 26.19 2.36 (1.50–3.70) 2005
Pappone, 200361 85/99 35/99 73.81 2.43 (1.84–3.21) 2006

Total (95% CI) 131 134 100.00 2.41 (1.90–3.05)
Total events: 113 (CA), 48 (AADs)
Test for heterogeneity: χ2 = 0.01, df = 1 (p = 0.91), I2 = 0%
Test for overall effect: z = 7.28 (p < 0.00001)

 0.1  0.2  0.5  1  2  5  10
Favours AADs       Favours ablation
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RFCA versus long-term AAD therapy in studies with 100% drug- 
refractory atrial fibrillation patients: freedom from arrhythmia at  
12 months

Review: Catheter ablation for atrial fibrillation and flutter
Comparison: 02 AF: CA vs AAD maintenance therapy
Outcome: 01 Freedom from arrhythmia at 12 months: per protocol

Study or 
subcategory

CA
n/N

AADs
n/N

RR (fixed) 
95% CI

Weight
%

RR (fixed) 
95% CI Year

Krittayaphong, 200357 11/14  6/156/15  14.2014.20 1.96 (1.00–3.87) 2003
Pappone, 200361 85/99 35/99  85.8085.80 2.43 (1.84–3.21) 2006

Total (95% CI) 113 114 100.00 2.36 (1.83–3.06)
Total events: 96 (CA), 41 (AADs)
Test for heterogeneity: χ2 = 0.32, df = 1 (p = 0.57), I2 = 0%
Test for overall effect: z = 6.55 (p < 0.00001)

 0.1  0.2  0.5  1  2  5  10
Favours AADs       Favours ablation

RFCA versus cardioversion/short-term amiodarone in persistent  
atrial fibrillation: freedom from arrhythmia at 12 months 
(per protocol and intention to treat analyses)

Review: Catheter ablation for atrial fibrillation and flutter
Comparison: 03 AF: RFCA vs short-term amiodarone and cardioversion
Outcome: 01 Freedom from arrhythmia at 12 months: per protocol

Study or 
subcategory

RFCA
n/N

Amiodarone
n/N

RR
95% CI

RR (fixed) 
95% CI Year

Oral, 200656 57/77 3/69 17.03 (5.59–51.90) 2006

 0.01  0.1  1  10  100
 Favours amiodarone  Favours ablation

Review: Catheter ablation for atrial fibrillation and flutter
Comparison: 03 AF: RFCA vs short-term amiodarone and cardioversion
Outcome: 03 Freedom from arrhythmia at 12 months: intention to treat (77% crossover to ablation)

Study or 
subcategory

Ablation
n/N

AADs
n/N

RR
95% CI

RR (fixed) 
95% CI Year

Oral, 200656 57/77 40/69 1.28 (1.00–1.62) 2006

 0.01  0.1  1  10  100
 Favours AADs  Favours ablation
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RFCA plus AAD therapy versus AAD therapy alone in paroxysmal/
persistent atrial fibrillation: freedom from arrhythmia at 12 
months (per protocol, intention to treat, and ‘worst case’ analyses)

Review: Catheter ablation for atrial fibrillation and flutter
Comparison: 06 AF: RFCA plus AAD therapy versus AAD maintenance therapy alone
Outcome: 01 Freedom from arrhythmia at 12 months: per protocol

Study or 
subcategory

RFCA + AADs 
n/N

AAD therapy alone 
n/N

RR
95% CI

RR (fixed) 
95% CI Year

Stabile, 200659 36/66 4/67 9.14 (3.44–24.23) 2006

 0.01  0.1  1  10  100
Favours

AADs alone
Favours

RFCA + AADs

Review: Catheter ablation for atrial fibrillation and flutter
Comparison: 06 AF: RFCA plus AAD therapy versus AAD maintenance therapy alone
Outcome: 02 Freedom from arrhythmia at 12 months: ‘worst case’

Study or 
subcategory

RFCA + AADs 
n/N

AAD therapy alone 
n/N

RR
95% CI

RR (fixed) 
95% CI Year

Stabile, 200659 36/68 6/69 6.09 (2.74–13.51) 2006

 0.01  0.1  1  10  100
Favours

AADs alone
Favours

RFCA + AADs

Review: Catheter ablation for atrial fibrillation and flutter
Comparison: 06 AF: RFCA plus AAD therapy versus AAD maintenance therapy alone
Outcome: 03 Freedom from arrhythmia at 12 months: intention to treat

Study or 
subcategory

RFCA + AADs 
n/N

AAD therapy 
alone n/N

RR
95% CI

RR (fixed) 
95% CI

Year

Stabile, 200659 38/68 6/69 6.43 (2.91–14.21) 2006

 0.01  0.1  1  10  100
Favours

AADs alone
Favours

RFCA + AADs
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Appendix 5  

Excluded studies

Studies excluded because of lack of outcome data are listed below. A complete list of excluded studies is 
available from the authors on request.

Ahmed et al., 2006184 Marrouche et al., 2003185

Bernstein et al., 2004186 Piorkowski et al., 2006187

Da Costa et al., 2006188 Ren et al., 2005189

Ekinci et al., 2003190 Rotter et al., 2005191

Gerstenfeld et al., 2003192 Sacher et al., 2006193

Gronefeld et al., 2002194 Scharf et al., 2004195

Hsu et al., 2005196 Scharf et al., 2004197

Kluge et al., 2004198 Schmidt et al., 2001199

Lee et al., 2005200 Takahashi et al., 2003201

Mansour et al., 2004202 Wieczorek et al., 2005203
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Appendix 6  

Ongoing and not yet published studies

These studies initially appeared relevant to the review but results were not yet available.

Title of study Country Study details
Expected  
completion date

RFCA as first-line therapy 
for typical atrial flutter: a 
multicentre randomised study of 
cost-effectiveness

France Multicentre trial in which patients with a first 
symptomatic episode of typical atrial flutter 
are randomised to undergo ablation or to 
receive antiarrhythmic drugs after electrical 
cardioversion. The primary end point is the 
absence of recurrence of typical atrial flutter at 
6 and 12 months of follow-up. Secondary end 
points are cost and cost-effectiveness ratio

N/A

NAVI-STAR® THERMOCOOL® 
catheter for the radiofrequency 
ablation of symptomatic 
paroxysmal atrial fibrillation

USA Prospective, randomised, unblinded, multicentre 
pivotal clinical investigation involving up to 
230 participants using a 2:1 randomised 
scheme for the test (ablation procedure) and 
control (medical therapy) groups respectively. 
Participants with symptomatic paroxysmal atrial 
fibrillation are eligible

June 2010

Linear anatomically versus focal 
electrophysiologically guided 
substrate ablation in patients 
with persistent atrial fibrillation

Germany Randomised study comparing two different 
approaches to RFCA of persistent atrial 
fibrillation

November 2008

A multicentre randomised 
controlled trial comprising 
RFCA against direct current 
cardioversion for the treatment 
of coarse atrial fibrillation (AF) 

UK Randomised comparison of TA–IVC isthmus 
ablation and conventional therapy (direct-current 
cardioversion) in patients with chronic atrial 
fibrillation (> 72 hours) with a coarse fibrillation 
waveform on their 12-lead electrocardiogram

Published June 2007, as 
this monograph was in 
production. Evaluates a 
hybrid of the two RFCA 
interventions reviewed, 
using a conventional 
flutter ablation technique 
in atrial fibrillation, 
showing no significant 
impact on arrhythmia 
relative to cardioversion

N/A, not available; TA–IVC, tricuspid annulus–inferior vena cava.
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Appendix 7  

Economic evaluation

Appendix 7.1: Details of quality assessment for economic studies

All items will be graded as ✓ (yes, item adequately addressed), ✗ (no, item not adequately addressed),  
? unclear or not enough information), NA (not applicable) or NS (not stated).

Chan et al., 2006144 

Study question Grade Comments

Costs and effects examined1. ✓

Alternatives compared2. ✓

The viewpoint(s)/perspective of the analysis is 3. 
clearly stated (e.g. NHS, society) ✓

Selection of alternatives

All relevant alternatives are compared 4. 
(including do nothing if applicable) ✓

The alternatives being compared are clearly 5. 
described (who did what, to whom, where 
and how often)

✓ Further details are given in an accompanying technical 
appendix

The rationale for choosing the alternative 6. 
programmes or interventions compared is 
stated

✓

Form of evaluation

The choice of form of economic evaluation is 7. 
justified in relation to the questions addressed ✓

If a cost-minimisation design is chosen, 8. 
have equivalent outcomes been adequately 
demonstrated? NA

Effectiveness data

The source(s) of effectiveness estimates 9. 
used are stated (e.g. single study, selection of 
studies, systematic review, expert opinion) ✓

Effectiveness data from RCT or review of 10. 
RCTs

✗ Effectiveness data derived from case series. Results reported 
to be consistent with their review of RCTs

Potential biases identified (especially if data 11. 
not from RCTs) ✗

Details of the method of synthesis or meta-12. 
analysis of estimates are given (if based on 
an overview of a number of effectiveness 
studies) NA No formal synthesis undertaken
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Costs 

All the important and relevant resource use 13. 
included

✓

All the important and relevant resource use 14. 
measured accurately (with methodology) ✓

Appropriate unit costs estimated (with 15. 
methodology) ✓

Unit costs reported separately from resource 16. 
use data ✗

Productivity costs treated separately from 17. 
other costs NA

The year and country to which unit costs 18. 
apply is stated with appropriate adjustments 
for inflation and/or currency conversion

✓
2004, US$

Benefit measurement and valuation

The primary outcome measure(s) for the 19. 
economic evaluation is clearly stated

✓

Methods to value health states and other 20. 
benefits are stated ✗ No health states were valued

Details of the individuals from whom 21. 
valuations were obtained are given NA

Decision modelling

Details of any decision model used are given 22. 
(e.g. decision tree, Markov model) ✓

The choice of model used and the key 23. 
input parameters on which it is based are 
adequately detailed and justified 

✓

All model outputs described adequately24. ✓

Discounting

Discount rate used for both costs and 25. 
benefits ✓ Costs and life expectancy were discounted at 3% per year

Do discount rates accord with NHS guidance?26. ✗
NHS guidance recommends 3.5% per year for costs and 
benefits

Allowance for uncertainty

Stochastic analysis of patient-level data 

Details of statistical tests and confidence 27. 
intervals are given for stochastic data NA

Uncertainty around cost-effectiveness 28. 
expressed [e.g. confidence interval around 
incremental cost-effectiveness ratio (ICER), 
cost-effectiveness acceptability curves] NA

Sensitivity analysis used to assess uncertainty 29. 
in non-stochastic variables (e.g. unit costs, 
discount rates) and analytic decisions (e.g. 
methods to handle missing data) NA
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Stochastic analysis of decision models

Are all appropriate input parameters included 30. 
with uncertainty?

✓
Only in a sensitivity analysis

Is second-order uncertainty (uncertainty 31. 
in means) included rather than first-order 
(uncertainty between patients)?

✓

Are the probability distributions adequately 32. 
detailed and appropriate? ✗

No distributions are given. The sampling was conducted 
across the ranges of parameter estimates

Sensitivity analysis used to assess uncertainty 33. 
in non-stochastic variables (e.g. unit costs, 
discount rates) and analytic decisions (e.g. 
methods to handle missing data) ✓

Deterministic analysis 

The approach to sensitivity analysis is given 34. 
(e.g. univariate, threshold analysis, etc.) ✓ One-way and multivariate sensitivity analysis

The choice of variables for sensitivity analysis 35. 
is justified

✓

The ranges over which the variables are 36. 
varied are stated ✓

Presentation of results

Incremental analysis is reported using 37. 
appropriate decision rules ✓

Major outcomes are presented in a 38. 
disaggregated as well as aggregated form ✓

Applicable to the NHS setting39. ✗
US based and unclear how generalisable these results are to 
a UK setting
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Appendix 7.2: WinBUGS code

Below is the WinBUGS code used to synthesise the RCT evidence and the non-RCT data.

#A random baseline, fixed-effect model is adopted as the basis for the meta-analysis.
#The model estimates the baseline for RFCA and the relative treatment effect for AADs.

model{

#prior on random treatment effect variance
baseMean ~ dnorm(0,1.0E-5)
baseSd ~ dunif(0,10)
baseTau <- 1/pow(baseSd,2)

beta[1]<-0

#prior on treatment effect mean
for (q in 2:nTx)

{
beta[q]~dnorm(0,1.0E-4)
}

#Random baseline effect
for(s in 1:nStudies)

{
alpha[s] ~ dnorm(baseMean,baseTau)
}

#fit data 
for(i in 1:nObs)

{
logOdds[i] <- alpha[study[i]] + beta[tx[i]]

#logit link for probability of response
logit(p[i]) <- logOdds[i]

#binomial link between number of responses and 
probability of response #from treatment arm

r[i] ~ dbin(p[i], n[i])
}

#Probability of freedom from AF at 12 months: baseline 
(RFCA) and p2 (AADs)

logit(baseline) <- baseMean
logit(p2) <- baseMean + beta[2]
#Odds ratio: relative treatment effect
OR <- exp(beta[2])

}

#Sample data: RCT evidence
list(tx=c(1,2,1,2,1,2), r=c(11,6,28,13,85,35), 

n=c(14,15,32,35,99,99), study=c(1,1,2,2,3,3),nStudies=3,nObs
=6,nTx=2)

#Initial values
list(beta=c(NA,0),alpha=c(0,0,0))
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Unit costs used in the analysis (costs uprated to 2006) 

Unit cost Unit Base-case value Source

Catheter ablation

 Consumablesa Item £5687 Personal communication

 Ward Item £182

 Laboratory Item £1979

 Total accumulated cost 
(includes administrative 
overheads and VAT)

Procedure £9810

Procedural complications

 Cardiac tamponade Item £815 Department of Health, 2005164

 PV stenosis Item £3217 Department of Health, 2005164

Amiodarone

 Inpatient initiation Visit £3360 Department of Health, 2005164

 Outpatient initiation Visit £154 Department of Health, 2005164

 Amiodarone 200 mg daily £32 per annum Department of Health, 2005164

Anticoagulants

 Warfarin 5 mg daily £19 per annum BMA and RPS, 2007166

 Aspirin 75 mg daily £20 per annum BMA and RPS, 2007166

Stroke

 In year 1 Per annum £9431 Jones et al., 2004168

 In subsequent years Per annum £2488

Toxicity

 Toxic event Item £1497 Buxton et al., 2006165

 Reversible toxicity Per day £0.43 BMA and RPS, 2007166

 Irreversible toxicity 50 mg daily £158 BMA and RPS, 2007166

Bleeding event

 Major bleed Per annum £1573 NICE, 2006167

 Minor bleed Per annum £87 NICE, 2006167

AF health states

 NSR Per annum £646 Stewart et al., 200417

 AF Per annum £646 Stewart et al., 200417

NSR, normal sinus rhythm; PV, pulmonary vein.
a Four catheters (£2180), one Seldinger needle (£4), four sheaths (£36), two TSP/sheaths (£220), two sterile packs 
(£100), one ESI/CARTO system (£2000), one computed tomography/magnetic resonance imaging scan (£300). 
Total costs = £4840 + VAT @ 17.5%.
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Appendix 7.4: Review of 
quality of life evidence 
for decision model
Methods

For the assessment of QoL a separate systematic 
search of relevant databases was undertaken. A total 
of 134 potential references were identified. Two 
reviewers (SVH and CM) independently screened 
the titles and abstracts of the studies identified 
from all searches and sources. A full paper copy of 
any study judged to be relevant by either reviewer 
was obtained when possible. A total of 48 studies 
were then selected as being potentially relevant to 
the decision problem being addressed.

The review focused on three specific aspects related 
to QoL:

Studies evaluating the QoL of patients with AF 1. 
(regardless of the intervention).
Studies evaluating the impact of RFCA on the 2. 
QoL of patients with AF.
Studies evaluating the impact of NSR on the 3. 
QoL of patients with AF.

The review focused on studies reporting utility data 
in relation to these aspects. However, given the lack 
of published utility data in relation to the second 
and third areas, consideration was also given to 
studies reporting other generic measures of health 
(e.g. SF-36) that could potentially be converted into 
a utility score for the model.

Studies evaluating the quality of life 
of patients with atrial fibrillation 
(regardless of the intervention)
Based on a review of the abstracts, 22 papers were 
identified and paper copies obtained. Six were 
subsequently rejected as not relevant. For half of 
these studies the health utilities reported were 
derived from a combination of author assumptions 
and previously published data. The review 
identified a significant degree of cross-referencing 
between studies with most of the health state 
utilities cited in the literature sourced to only three 
original papers (Naglie and Detsky,207 Gage et al.147 
and Gage et al.208). Although the studies by Gage 
et al. generated health state utilities using a time 
trade-off (TTO) method, the utilities reported by 
Naglie and Detsky were based on the consensus of 
three experts.

Most of the utilities reported refer to health-related 
QoL (HRQoL) associated with stroke, bleeding 

events and oral anticoagulation use, reflecting 
the emphasis of studies in this area primarily on 
stroke prevention. None of the studies reported 
utility data directly relevant to the economic 
model. For example, none of the studies reported 
a utility estimate for AF, with the exception of a few 
previous decision-analytic models that assumed 
a value of 1 (i.e. equivalent to full health) for 
this state. Furthermore, no study reported utility 
values following catheter ablation, or estimates 
for patients restored to normal sinus rhythm. As 
a result, utility estimates for the model could not 
be informed from this review and an extensive 
evaluation of other sources identified in the initial 
literature search was required.

Studies evaluating the impact 
of RFCA on the quality of life of 
patients with atrial fibrillation
Although no utility estimates were reported in 
relation to the use of catheter ablation, the search 
revealed a number of studies reporting QoL data 
using the Short Form 36 (SF-36) instrument.169 The 
SF-36 is a generic health profile instrument that 
measures health on eight dimensions (BP, bodily 
pain; GH, general health; MH, mental health; PF, 
physical functioning; RE, role emotional; RP, role 
physical; SF, social functioning; VT, vitality). Scores 
on each dimension are standardised on a 0–100 
scale in which a higher score reflects better health. 
SF-36 data can also be represented in the form 
of two summary scores: a physical components 
summary score (PCS) and a mental components 
summary score (MCS). In the absence of a single 
index or utility score, SF-36 data cannot be used 
directly in a cost-effectiveness study. However, a 
number of algorithms have been proposed that can 
be used to convert SF-36 data into a utility score. 
Although most of these methods require access 
to individual patient level data, Kind et al.209 have 
recently produced an algorithm that allows for the 
transformation of SF-36 summary data into an EQ-
5D weighted index score. Hence, this approach 
provides a potential basis for estimating utility 
values based on the aggregate individual domain 
scores from SF-36.

Studies were therefore considered for inclusion 
in the review (and hence to provide a potential 
source of data for the model) if they reported 
individual domain scores at 12 months, consistent 
with the time horizon of the short-term model. Of 
the 15 papers identified in the literature search, 
eight were excluded as they did not present the 
individual domain scores for the SF-36 instrument. 
Of the remaining seven papers reporting tabulated 
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mean scores for each of the domains, two reported 
data at a follow-up of 12 months.205,210 A brief 
overview of each study follows.

Berkowitsch et al., 2003205

Origin: Germany.

Objectives: To evaluate the clinical relevance of 
SF-36 and an arrhythmia-related symptom severity 
checklist (SSCL) to post-procedure AF recurrences 
in patients with paroxysmal AF undergoing 
pulmonary vein isolation (PVI).

Methods: 60 patients with AF (mean age 58 years) 
refractory to drug therapy underwent PVI and 

discontinued using arrhythmia drugs after the 
procedure. Patients completed SF-36 at baseline 
and then at 3, 6, 9 and 12 months after the 
procedure.

Results: 21 out of 60 patients experienced 
recurrence of AF during follow-up. Three months 
after ablation, patients without AF recurrence 
showed improvements on all SF-36 dimensions 
compared with baseline, and these improvements 
were generally maintained at 12 months. In 
contrast, patients with AF recurrence showed 
significant improvements only on the mental health 
dimension at 3 months, and the improvement in 
general was less significant at 12 months.

Effect of RFCA on quality of life as measured by the SF-36 instrument in patients with no recurrence  
of atrial fibrillation post ablation (n = 39)

Dimension Baseline 3 months 6 months 9 months 12 months

PF 61.99 (23.43) 80.89 (18.62) 77.50 (21.47) 73.33 (24.66) 83.93 (15.83)

RP 29.79 (35.99) 68.75 (39.88) 56.82 (43.26) 68.06 (37.32) 67.86 (39.73)

BP 64.71 (29.43) 83.86 (20.05) 84.73 (26.33) 76.44 (21.71) 71.71 (27.49)

RE 47.49 (45.13) 68.45 (39.93) 69.70 (40.09) 71.30 (39.21) 80.95 (32.65)

MH 54.66 (19.06) 72.07 (17.26) 70.73 (18.70) 65.67 (19.85) 67.71 (21.60)

SF 57.62 (26.09) 83.93 (20.82) 81.82 (25.76) 75.69 (22.23) 80.36 (32.98)

VT 41.13 (18.16) 55.45 (16.26) 57.84 (18.62) 57.78 (19.47) 56.61 (17.87)

GH 49.36 (18.06) 63.50 (13.47) 62.50 (18.87) 57.83 (18.67) 66.07 (15.42)

BP, bodily pain; GH, general health; MH, mental health; PF, physical functioning; RE, role emotional; RP, role physical; SF, 
social functioning; VT, vitality.
Figures are presented as mean score (SD) for each dimension.

Effect of RFCA on quality of life as measured by the SF-36 instrument in patients with recurrence  
of atrial fibrillation post ablation (n = 21)

Dimension Baseline 3 months 6 months 9 months 12 months

PF 61.99 (23.43) 68.80 (21.27) 72.05 (18.86) 70.56 (14.76) 70.45 (17.90)

RP 29.79 (35.99) 39.00 (40.07) 36.36 (42.46) 36.11 (40.33) 36.36 (28.93)

BP 64.71 (29.43) 56.24 (28.45) 73.41 (22.07) 60.35 (29.73) 72.00 (23.25)

RE 47.49 (45.13) 64.00 (43.12) 53.03 (43.41) 44.44 (41.41) 72.73 (34.28)

MH 54.66 (19.06) 62.56 (19.33) 68.18 (15.47) 70.00 (11.13) 64.73 (12.86)

SF 57.62 (26.09) 67.50 (28.06) 77.84 (18.82) 70.83 (19.23) 70.45 (17.05)

VT 41.13 (18.16) 44.60 (19.69) 48.86 (18.40) 46.11 (17.58) 44.09 (14.11)

GH 49.36 (18.06) 51.84 (18.74) 56.14 (17.41) 53.83 (13.97) 51.55 (15.91)

BP, bodily pain; GH, general health; MH, mental health; PF, physical functioning; RE, role emotional; RP, role physical; SF, 
social functioning; VT, vitality.
Figures are presented as mean score (SD) for each dimension.
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Weerasooriya et al., 2005210

Origin: Australia.

Objectives: To determine the effect of RFCA on 
QoL of patients with symptomatic, drug-refractory 
paroxysmal AF.

Methods: 63 patients (mean age 56 years) were 
referred for RFCA. Patients completed the SF-36 
questionnaire at baseline and at 3 and 12 months’ 
follow-up after ablation.

Results: 54 patients (86%) were free of recurrence 
of AF without AADs at the 12-month follow-up. 
Successful ablation resulted in improvements on 
all eight dimensions of the SF-36 at the 3-month 
follow up and this was maintained at 12 months. 

The biggest improvements were observed on the 
role physical (RP) and bodily pain (BP) dimensions.

Studies evaluating the impact of 
normal sinus rhythm on the quality of 
life of patients with atrial fibrillation
The literature search identified five studies that 
reported SF-36 data for patients in AF and those in 
NSR. Of these, two reported SF-36 domain scores 
at 12 months’ follow-up.206,211 A brief overview of 
these studies follows.

Rienstra et al., 2006206

Origin: Netherlands.

Objectives: To compare outcome of AF patients 
treated with effective rhythm control with patients 
treated with rate control.

Effect of RFCA on quality of life as measured by the SF-36 instrument

Dimension Baseline (n = 63) 3 months (n = 63) 12 months (n = 59)

PF 68.1 (22.4) 79.5 (27.2) 82.1 (22.3)

RP 43.7 (42.3) 67.5 (41.6) 79.9 (32.5)

BP 55.6 (42.7) 73.0 (40.5) 86.1 (40.0)

RE 47.9 (24.5) 66.3 (22.5) 68.0 (21.7)

MH 59.0 (22.8) 74.9 (17.9) 75.1 (17.2)

SF 64.9 (29.2) 82.1 (19.2) 86.9 (18.3)

VT 68.1 (28.9) 81.9 (21.5) 81.7 (32.5)

GH 52.9 (23.0) 67.1 (18.9) 68.7 (23.7)

BP, bodily pain; GH, general health; MH, mental health; PF, physical functioning; RE, role emotional; RP, role physical; SF, 
social functioning; VT, vitality.
Figures are presented as mean score (SD) for each dimension.

SF-36 scores according to rhythm status

Normal sinus rhythm (n = 49) Atrial fibrillation (n = 178)

Dimension Baseline 12 months Study end Baseline 12 months Study end

PF 59 (24) 63 (22) 60 (27) 63 (25) 62 (23) 59 (24)

RP 38 (42) 53 (40) 43 (47) 48 (46) 62 (42) 54 (44)

BP 77 (20) 77 (19) 78 (23) 81 (21) 81 (22) 80 (22)

RE 71 (40) 71 (37) 61 (44) 71 (41) 78 (37) 74 (38)

MH 73 (17) 80 (16) 77 (15) 75 (18) 77 (18) 76 (17)

SF 78 (20) 81 (21) 79 (20) 78 (23) 83 (21) 80 (22)

VT 55 (20) 63 (20) 63 (20) 62 (21) 59 (20) 59 (21)

GH 54 (15) 58 (18) 55 (19) 56 (19) 59 (18) 56 (18)

BP, bodily pain; GH, general health; MH, mental health; PF, physical functioning; RE, role emotional; RP, role physical; SF, 
social functioning; VT, vitality.
Figures are presented as mean score (SD) for each dimension.
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Methods: 49 out of 266 AF patients randomised 
to rhythm control in the RACE study achieved 
long-term sinus rhythm (≥ 75% of the follow-up 
time with a maximum of one cardioversion per 
year) and were continuously treated with oral 
anticoagulation. Quality of life in these patients 
was compared with that in 178 patients out of 
256 of the rate control group who were in AF and 
using oral anticoagulation continuously. Patients 
completed SF-36 at baseline, at 1 year and at the 
end of the study (30 or 36 months).

Results: At baseline and follow-up, no significant 
differences in QoL were observed between those in 
sinus rhythm and those in AF on any of the SF-36 
dimensions.

Singh et al., 2006211

Origin: USA.

Objectives: To determine QoL and exercise 
performance in patients with persistent AF 
converted to sinus rhythm compared with those 
remaining in or reverting to AF.

Methods: Patients with persistent AF (mean age 
67 years) were randomised to amiodarone, sotalol 
or placebo. Those not achieving sinus rhythm 
by day 28 were cardioverted and classified into 
sinus rhythm or AF groups at 8 weeks (n = 624) 
and 1 year (n = 556). At both follow-ups, patients 
completed the SF-36 instrument.

Mean change in SF-36 scores from baseline to 1 year according to rhythm status

Normal sinus rhythm (n = 320) Atrial fibrillation (n = 176)

Dimension Baseline
Change from baseline to 
1 year Baseline

Change from baseline 
to 1 year

PF 58.6 (28.6) +2.1 (23.7) 57.4 (25.7) –1.3 (21.5)

RP 47.5 (42.8) +4.1 (40.9) 44.9 (42.9) +1.5 (43.1)

BP 68.9 (26.2) –2.5 (25.3) 68.6 (28.5) –2.7 (28.0)

RE 62.9 (42.9) +0.5 (49.6) 65.1 (42.6) –3.2 (49.5)

MH 75.3 (19.2) –1.7 (16.3) 76.0 (17.9) –2.1 (18.6)

SF 75.8 (26.1) +1.4 (25.0) 78.2 (25.6) –4.2 (24.6)

VT 50.1 (24.9) +3.6 (20.1) 49.0 (22.3) +0.8 (19.5)

GH 59.8 (21.3) +0.1 (17.3) 61.3 (20.3) –4.7 (18.5)

BP, bodily pain; GH, general health; MH, mental health; PF, physical functioning; RE, role emotional; RP, role physical; SF, 
social functioning; VT, vitality.
Figures are presented as mean score (SD) for each dimension.

Results: Out of the 556 patients followed to 1 year, 
SF-36 data were available for 496 patients (176 in 
the AF group and 320 in the NSR group). At the 
1-year follow-up, sinus rhythm patients showed 
significant improvements on the general health 
(GH) and social functioning (SF) dimensions 
compared with AF patients. At 1 year, SF-36 scores 
for AF patients decreased on six out of the eight 
dimensions.

Converting SF-36 domain scores 
into a utility value (EQ-5D)

SF-36 scores were transformed into a utility-
weighted EQ-5D index score, suitable for 
calculating QALYs, using a recently developed 
algorithm that uses data from the 1996 Health 
Survey for England.209 The Health Survey contains 
both SF-36 and EQ-5D scores from the general 
population. The algorithm attempts to match the 
aggregate profile of the SF-36 domain scores to the 
20 closest matches from the general population. 
The EQ-5D scores from these 20 closest matches 
are then averaged to estimate a mean utility score.

The resulting EQ-5D scores for each study [mean 
(range)] are summarised below. The results from 
Singh et al.211 are not presented because the 
matching algorithm did not appear to generate 
sufficiently reliable results.
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Berkowitsch et al., 2003205

No recurrence of AF post ablation
Baseline EQ-5D index = 0.7704 (1–0.516)

12-month EQ-5D index = 0.8629 (1–0.656)

Recurrence of AF post ablation
Baseline EQ-5D index = 0.7704 (1–0.516)

12-month EQ-5D index = 0.8595 (1–0.19)

This gives a corresponding improvement in QoL: 
no recurrence of AF = 0.09219; recurrence of 
AF = 0.0891.

Weerasooriya et al., 2005210

Baseline EQ-5D index = 0.8527 (1–0.62)

12-month EQ-5D index = 0.9314 (1–0.725)

This gives a corresponding improvement in QoL 
post ablation = 0.0787.

Rienstra et al., 2006206

AF group
Baseline EQ-5D index = 0.8807 (1–0.19)

12-month EQ-5D index = 0.8887 (1–0.691)

Sinus rhythm group
Baseline EQ-5D index = 0.822 (1–0.193)

12-month EQ-5D index = 0.8946 (1–0.689)

This gives a corresponding improvement in 
QoL for the main health states: AF = 0.008; 
NSR = 0.0726.

Summary
The results of the two catheter ablation studies 
were remarkably similar. Both studies estimated 
improvements in utility of between 0.0787 and 
0.09219. For the model it was decided that the 
study by Berkowitsch et al.205 more closely reflected 
the decision problem addressed within the model 
by presenting QoL according to whether patients 
were free of symptoms at follow-up or not. The 
study by Weerasooriya et al.210 presented the 
average QoL estimate post ablation and hence 
includes patients with and without recurrent 
AF and also those who continue to receive AAD 
therapy. Hence, the utility improvements associated 
with ‘no recurrence’ (0.09219) and ‘recurrence’ 
(0.0891) were used as the basis for the NSR and AF 
states following RFCA.

From the review of QoL studies reporting the 
impact of NSR, only two studies were identified 
that presented data in a suitable format for 
the conversion algorithm. Only the study by 
Rienstra et al.206 generated utility data that 
appeared sufficiently robust for the purposes 
of the modelling. Patients achieving NSR were 
estimated to have an improvement in utility 
equivalent to 0.0726 – marginally lower than the 
utility values estimated for either of the RFCA 
states. The baseline and 12-month utility scores for 
patients with recurrent AF were virtually identical, 
suggesting no real change in QoL over this period. 
Hence, the utility improvements associated with the 
NSR state and AF state for AADs were derived from 
these estimates. A utility improvement of 0.0726 
was assigned to the NSR state and no change in 
utility was assumed for the AF state.
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Appendix 7.5: Detailed sensitivity analysis results
Scenario 1: Source of data used to estimate baseline event rates (catheter ablation)  
and relative treatment effects

Lifetime analysis

Probability cost-effective for maximum WTP

Treatment Cost QALY ICER £10,000 £20,000 £30,000 £40,000

(a) Treatment effect from Cappato et al., 200525 + RCTs

RFCA £26,064 12.13 £7814 0.721 0.990 1.000 1.00

AADs £15,351 10.76 0.279 0.010 0.000 0.000

(b) Treatment effect from case series + RCTs

RFCA £26,119 12.11 £7834 0.709 0.983 0.998 1.000

AADs £15,365 10.74 0.291 0.017 0.002 0.000

ICER, incremental cost-effectiveness ratio; QALY, quality-adjusted life-year; WTP, willingness to pay.

5-Year analysis

Probability cost-effective for maximum WTP

Treatment Cost QALY ICER £10,000 £20,000 £30,000 £40,000

(a) Treatment effect from Cappato et al., 200525 + RCTs

RFCA £26,043 11.18 £25,623 0.000 0.154 0.701 0.913

AADs £15,331 10.77 1.000 0.846 0.299 0.087

(b) Treatment effect from case series + RCTs

RFCA £26,108 11.16 £25,302 0.000 0.189 0.682 0.913

AADs £15,353 10.74 1.000 0.811 0.318 0.087
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Scenario 2: Duration of quality of life benefit with catheter ablation

Lifetime/5-year not applicable

Probability cost-effective for maximum WTP

Treatment Cost QALY ICER £10,000 £20,000 £30,000 £40,000

(a) QoL duration = 10 years

RFCA £26,018 11.49 £14,771 0.072 0.794 0.973 0.994

AADs £15,355 10.77 0.928 0.206 0.027 0.006

(b) QoL duration = 15 years

RFCA £26,026 11.73 £11,237 0.307 0.923 0.993 0.998

AADs £15,361 10.78 0.693 0.077 0.007 0.002

(c) QoL duration = 20 years

RFCA £26,028 11.90 £9492 0.499 0.972 0.997 1.000

AADs £15,366 10.78 0.501 0.028 0.003 0.000

Scenario 3: Additional mortality risk for atrial fibrillation compared with general  
population

Lifetime analysis

Probability cost-effective for maximum WTP

Treatment Cost QALY ICER £10,000 £20,000 £30,000 £40,000

Multiplier = 1.5

RFCA £24,825 11.19 £8577 0.615 0.965 0.999 1.000

AADs £14,141 9.95 0.385 0.035 0.001 0.000

Multiplier = 2.0

RFCA £23,881 10.46 £9415 0.463 0.939 0.992 0.999

AADs £13,171 9.33 0.537 0.061 0.008 0.001

Multiplier = 2.5

RFCA £23,119 9.86 £9990 0.444 0.931 0.992 0.995

AADs £12,383 8.79 0.556 0.069 0.008 0.005
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5-Year analysis

Probability cost-effective for maximum WTP

Treatment Cost QALY ICER £10,000 £20,000 £30,000 £40,000

Multiplier = 1.5

RFCA £24,814 10.33 £27,362 0.000 0.098 0.607 0.884

AADs £14,127 9.94 1.000 0.902 0.393 0.116

Multiplier = 2.0

RFCA £23,886 9.68 £28,794 0.000 0.091 0.501 0.814

AADs £13,176 9.31 1.000 0.909 0.499 0.186

Multiplier = 2.5

RFCA £23,128 9.15 £29,908 0.000 0.064 0.435 0.772

AADs £10,736 8.79 1.000 0.936 0.565 0.228

Scenario 4: Prognostic impact of normal sinus rhythm

Lifetime analysis

Probability cost-effective for maximum WTP

Treatment Cost QALY ICER £10,000 £20,000 £30,000 £40,000

Risk of stroke the same for NSR and AF

RFCA £26,779 11.94 £9327 0.506 0.948 0.996 1.000

AADs £15,541 10.74 0.494 0.052 0.004 0.000

5-Year analysis

Probability cost-effective for maximum WTP

Treatment Cost QALY ICER £10,000 £20,000 £30,000 £40,000

Risk of stroke the same for NSR and AF

RFCA £26,797 11.02 £37,997 0.000 0.015 0.204 0.469

AADs £15,558 10.72 1.000 0.985 0.796 0.531
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Scenario 5: Quality of life (utilities)

Lifetime analysis

Probability cost-effective for maximum WTP

Treatment Cost QALY ICER £10,000 £20,000 £30,000 £40,000

(a) NSR(RFCA) > AF(RFCA) = NSR(AADs) > AF(AADs)

RFCA £26,023 12.14 £7872 0.714 0.978 0.999 1.000

AADs £15,363 10.79 0.286 0.022 0.001 0.000

(b) NSR(RFCA) > NSR(AADs) > AF(RFCA) > AF(AADs)

RFCA £26,020 12.05 £8463 0.616 0.954 0.991 0.997

AADs £15,362 10.79 0.384 0.046 0.009 0.003

(c) NSR(RFCA) = NSR(AADs) > AF(RFCA) = AF(AADs)

RFCA £26,021 11.63 £12,840 0.197 0.839 0.963 0.987

AADs £15,356 10.80 0.803 0.161 0.037 0.013

5-Year analysis

Probability cost-effective for maximum WTP

Treatment Cost QALY ICER £10,000 £20,000 £30,000 £40,000

(a) NSR(RFCA) > AF(RFCA) = NSR(AADs) > AF(AADs)

RFCA £26,022 11.19 £26,298 0.000 0.145 0.659 0.912

AADs £15,364 10.78 1.000 0.855 0.341 0.088

(b) NSR(RFCA) > NSR(AADs) > AF(RFCA) > AF(AADs)

RFCA £26,029 11.17 £27,216 0.000 0.132 0.599 0.851

AADs £15,368 10.77 1.000 0.868 0.401 0.149

(c) NSR(RFCA) = NSR(AADs) > AF(RFCA) = AF(AADs)

RFCA £26,025 11.10 £32,524 0.000 0.035 0.399 0.756

AADs £15,366 10.78 1.000 0.965 0.601 0.244
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Scenario 6: Population

Lifetime analysis

Probability cost-effective for maximum WTP

Treatment Cost QALY ICER £10,000 £20,000 £30,000 £40,000

(a) All male

RFCA £25,728 11.85 £7921 0.722 0.977 0.997 1.000

AADs £15,044 10.50 0.278 0.023 0.003 0.000

(b) All female

RFCA £27,377 13.00 £7322 0.729 0.983 0.999 1.000

AADs £16,814 11.56 0.271 0.017 0.001 0.000

5-Year analysis

Probability cost-effective for maximum WTP

Treatment Cost QALY ICER £10,000 £20,000 £30,000 £40,000

(a) All male

RFCA £25,738 10.90 £25,527 0.000 0.150 0.690 0.909

AADs £15,057 10.48 1.000 0.850 0.310 0.091

(b) All female

RFCA £27,394 11.96 £25,450 0.000 0.169 0.685 0.910

AADs £16,832 11.54 1.000 0.831 0.315 0.090
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Lifetime analysis

Probability cost-effective for maximum WTP

Treatment Cost QALY ICER £10,000 £20,000 £30,000 £40,000

(c) Age = 50 years

RFCA £26,777 12.74 £7549 0.772 0.989 1.000 1.000

AADs £16,163 11.33 0.228 0.011 0.000 0.000

(d) Age = 55 years

RFCA £25,191 11.26 £8300 0.673 0.979 0.997 1.000

AADs £14,516 9.97 0.327 0.021 0.003 0.000

(e) Age = 60 years

RFCA £22,969 9.80 £9443 0.524 0.965 0.994 1.000

AADs £12,120 8.65 0.476 0.035 0.006 0.000

(f) Age = 65 years

RFCA £21,098 8.27 £11,223 0.320 0.899 0.990 0.997

AADs £10,154 7.29 0.680 0.101 0.010 0.003

5-Year analysis

Probability cost-effective for maximum WTP

Treatment Cost QALY ICER £10,000 £20,000 £30,000 £40,000

(c) Age = 50 years

RFCA £26,774 11.73 £25,152 0.000 0.200 0.720 0.919

AADs £16,160 11.31 1.000 0.800 0.280 0.081

(d) Age = 55 years

RFCA £24,885 10.38 £26,234 0.000 0.121 0.627 0.886

AADs £14,150 9.97 1.000 0.879 0.373 0.114

(e) Age = 60 years

RFCA £22,976 9.04 £27,531 0.000 0.102 0.569 0.865

AADs £12,130 8.64 1.000 0.898 0.431 0.135

(f) Age = 65 years

RFCA £21,098 7.65 £29,394 0.000 0.074 0.492 0.796

AADs £10,152 7.28 1.000 0.926 0.508 0.204
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Scenario 7: Discount rate

Lifetime analysis

Probability cost-effective for maximum WTP

Treatment Cost QALY ICER £10,000 £20,000 £30,000 £40,000

6% costs, 1.5% outcomes

RFCA £22,508 15.52 £5984 0.889 0.998 1.000 1.000

AADs £11,712 13.72 0.111 0.002 0.000 0.000

5-Year analysis

Probability cost-effective for maximum WTP

Treatment Cost QALY ICER £10,000 £20,000 £30,000 £40,000

6% costs, 1.5% outcomes

RFCA £22,502 14.20 £21,452 0.000 0.375 0.858 0.966

AADs £11,708 13.70 1.000 0.625 0.142 0.034

Scenario 8: Administration of amiodarone

Lifetime analysis

Probability cost-effective for maximum WTP

Treatment Cost QALY ICER £10,000 £20,000 £30,000 £40,000

Proportion of inpatients = 42.5%, proportion of outpatients = 57.5%

RFCA £26,021 12.14 £6822 0.813 0.996 1.000 1.000

AADs £16,725 10.78 0.187 0.004 0.000 0.000

5-Year analysis

Probability cost-effective for maximum WTP

Treatment Cost QALY ICER £10,000 £20,000 £30,000 £40,000

Proportion of inpatients = 42.5%, proportion of outpatients = 57.5%

RFCA £26,019 11.18 £22,155 0.000 0.358 0.853 0.965

AADs £16,721 10.76 1.000 0.642 0.147 0.035
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Scenario 9: Cost of normal sinus rhythm and atrial fibrillation states

Lifetime analysis

Probability cost-effective for maximum WTP

Treatment Cost QALY ICER £10,000 £20,000 £30,000 £40,000

Difference in cost of NSR and AF states: AF = £646, NSR = £331

RFCA £23,285 12.15 £5978 0.881 0.994 0.998 0.999

AADs £15,073 10.77 0.119 0.006 0.002 0.001

5-Year analysis

Probability cost-effective for maximum WTP

Treatment Cost QALY ICER £10,000 £20,000 £30,000 £40,000

Difference in cost of NSR and AF states: AF = £646, NSR = £331

RFCA £23,284 11.18 £19,673 0.004 0.488 0.899 0.974

AADs £15,067 10.77 0.996 0.512 0.101 0.026

Scenario 10: Transition probabilities – reversion back to atrial fibrillation for  
patients receiving RFCA

Lifetime analysis

Probability cost-effective for maximum WTP

Treatment Cost QALY ICER £10,000 £20,000 £30,000 £40,000

5%

RFCA £26,077 12.12 £7999 0.691 0.983 0.999 1.000

AADs £15,343 10.78 0.309 0.017 0.001 0.000

10%

RFCA £26,230 12.07 £8401 0.655 0.970 0.998 1.000

AADs £15,346 10.77 0.345 0.030 0.002 0.000

15%

RFCA £26,335 12.03 £8703 0.578 0.944 0.992 0.997

AADs £15,360 10.77 0.422 0.056 0.008 0.003
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5-Year analysis

Probability cost-effective for maximum WTP

Treatment Cost QALY ICER £10,000 £20,000 £30,000 £40,000

5%

RFCA £26,087 11.17 £26,969 0.000 0.123 0.618 0.882

AADs £15,352 10.77 1.000 0.877 0.382 0.118

10%

RFCA £26,238 11.13 £29,910 0.000 0.072 0.441 0.766

AADs £15,355 10.76 1.000 0.928 0.559 0.234

15%

RFCA £26,342 11.10 £32,035 0.000 0.060 0.374 0.690

AADs £15,366 10.76 1.000 0.940 0.626 0.310

Scenario 11: Costs of catheter ablation

Lifetime analysis

Probability cost-effective for maximum WTP

Treatment Cost QALY ICER £10,000 £20,000 £30,000 £40,000

Consumables reduced by £500

RFCA £25,237 12.14 £7213 0.794 0.991 1.000 1.000

AADs £15,351 10.77 0.206 0.009 0.000 0.000

Consumables increased by £500

RFCA £26,782 12.15 £8347 0.651 0.987 0.998 1.000

AADs £15,347 10.78 0.349 0.013 0.002 0.000

Consumables increased by £1000

RFCA £27,574 12.14 £8894 0.571 0.971 0.997 0.999

AADs £15,361 10.77 0.429 0.029 0.003 0.001
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5-Year analysis

Probability cost-effective for maximum WTP

Treatment Cost QALY ICER £10,000 £20,000 £30,000 £40,000

Consumables reduced by £500

RFCA £25,236 11.18 £23,638 0.000 0.243 0.773 0.941

AADs £15,350 10.76 1.000 0.757 0.227 0.059

Consumables increased by £500

RFCA £26,787 11.18 £27,377 0.000 0.091 0.610 0.877

AADs £15,345 10.76 1.000 0.909 0.390 0.123

Consumables increased by £1000

RFCA £27,578 11.19 £29,283 0.000 0.053 0.517 0.823

AADs £15,363 10.77 1.000 0.947 0.483 0.177
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