
Introduction

Atrial fibrillation (AF) is the most common cardiac
arrhythmia and occurs in 2 % of adults aged 65 to
75 years. Its prevalence increases with age; 5 % of

adults above 75 years old and 14 % of adults 
above 85 years old. 1 Furthermore, AF increases 
the risk of thromboembolic events and many AF 
patients perceive/suffer quality of life (QoL) im-
pairment in the form of palpitations and short-
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Abstract

Background: Atrial Fibrillation is the most common cardiac arrhythmia. It increases the risk of throm-
boembolic events and many atrial fibrillation patients suffer quality of life impairment due to disturbed 
heart rhythm. Pulmonary vein isolation using radiofrequency catheter ablation treatment is aimed at 
maintaining sinus rhythm ultimately improving quality of life. Randomized clinical trial have shown 
that catheter ablation is more effective than antiarrhythmic drugs for the treatment of atrial fibrillation, 
but its impact on quality of life and cost-effectiveness has not been widely studied.
Aims: To assess the cost-effectiveness of radiofrequency ablation (RFA) vs. antiarrhythmic drug (AAD) 
treatment, among symptomatic atrial fibrillation patients not previously responding to AAD.
Methods: A decision-analytic Markov model was developed to assess costs and health outcomes in terms 
of quality adjusted life years (QALYs) of RFA and AAD over a lifetime time horizon. We conducted a 
literature search and used data from several sources as input variables of the model. One-year rates of 
atrial fibrillation with RFA and AAD, respe tively, were available from published randomized clinical 
trials. Other data sources were published papers and register data.
Results: The RFA treatment strategy was associated with reduced costs and an incremental gain in QA-
LYs compared to the AAD treatment strategy. The results were sensitive to whether long-term quality 
of life improvement is maintained for the RFA treatment strategy and the risk of stroke in the different 
atrial fibrillation health states.
Conclusion: This study shows that the short-term improvement in atrial fibrillation associated with RFA 
is likely to lead to long-term quality of life improvement and lower costs indicating that RFA is cost-
effective compared to AAD.

Key words: Cost, cost-effectiveness, decision-analytic model, ablation, atrial fibrillation, cardiovascular 
disease.
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ness of breath due to the disturbed heart rhythm. 
Pulmonary vein isolation using radiofrequency 
catheter ablation (RFA) is aimed at maintaining 
sinus rhythm. Randomized clinical trials have 
shown that RFA is more effective than antiar-
rhythmic drug treatment (AAD) in maintaining 
sinus rhythm, but its cost-effectiveness has not 
been widely studied. Cost comparison studies 
of RFA versus AAD were identified. 2-3 Though, 
we could only identify two studies assessing both 
costs and benefits (effects) of RFA treatment. 4-5

Medical management for AF involves the use of 
a combination of different medications. Rhythm 
control management often involves the use of 
AAD, foremost amiodarone or flecainide, aimed 
at maintaining sinus rhythm and at avoiding re-
lapses. Sotalol and propafenone are less common-
ly used for rhythm control management in Swe-
den. Many AF patients do not tolerate long-term 
AAD treatment, particularly with amiodarone, 
without side effects. In the event of side effects or 
lack of efficacy the use of a non-pharmaceutical 
treatment, such as pacemaker implantation fol-
lowed by AV-node ablation or RFA might be con-
sidered. RFA is already an established treatment 
strategy for different types of arrhythmias includ-
ing WPW-syndrome, AV-nodal reentrytachy-
cardia, atrial flutter and focal atrial tachycardia. 
However, RFA, aiming at pulmonary vein isola-
tion, for AF patients has only been used during 
the last decade and is usually considered as an 
alternative treatment strategy only after medical 
management has caused side effects or had no or 
insufficient effect.

AF has traditionally been divided into paroxys-
mal, persistent and permanent AF. According 
to international ACC/AHA/ESC 2006 guidelines 
patients with severe symptomatic paroxysmal 
and persistent AF are eligible for RFA treatment. 
The RFA treatment strategy for the treatment of 
symptomatic AF has been debated in the current
Swedish National Guidelines for Heart Disease 
and is now recommended for symptomatic AF 
patients with paroxysmal or persistent AF not re-
sponding well to AAD treatment. 6 Patients with 
permanent AF, on the other hand are not eligible 
for RFA and are excluded in the analysis.

In this analysis, we assess the lifetime costs and 
health outcomes of radiofrequency ablation (RFA) 

treatment compared to antiarrhythmic drug treat-
ment (AAD) alone. The population used in our 
analysis consists of symptomatic patients with 
paroxysmal or persistent AF, not responding well 
to AAD treatment and eligible for RFA i.e. as a sec-
ond-line treatment strategy.

Methods

Overall analytical approach

A decision-analytic model was developed to es-
timate costs, health outcomes and incremental 
costeffectiveness of RFA compared to AAD treat-
ment for AF for a lifetime time horizon. In the ab-
sence of long-term data, decision-analytic models 
can be used to estimate costs and health outcomes 
of health interventions beyond the follow-up of 
clinical trials. Data from several sources were used 
to populate the model with best available evidence.
The outcome measure used in the analysis was 
quality-adjusted life years (QALYs). Probability 
distributions were defined for the model param-
eters reflecting the uncertainty in evidence/of the 
information available. A Swedish societal perspec-
tive was taken, and both costs and health outcomes
were discounted at 3 % per annum, respectively. 
All costs are in 2006 prices and have been convert-
ed to USD using purchasing power parities (PPPs).
       
Model structure and underlying assumptions

A two-part model structure was used, a decision 
tree for the initial year in which the RFA procedure
is assumed to take place, and a long-term Markov
structure for subsequent years (see Figures 1a and 
1b). The short-term model provides the proportion
of patients entering the long-term model health 
states after accounting for non-stroke mortal-
ity and stroke risk. Short-term clinical endpoints 
i.e. freedom of AF at 12 months were used in the 
model. If the patient suffers a clinically significant 
relapse into AF, a second RFA procedure is usually 
offered as a standard in Sweden and was assumed 
to take place during the initial year.

A Markov model structure was developed to ex-
trapolate the lifetime costs and QALYs of the two 
intervention strategies. In a Markov structure a 
hypothetical cohort of patients reside in mutually 
exclusive health states during intervals of equal 
length referred to as Markov cycles. The model 



consists of health states for controlled AF, un-
controlled AF, stroke and death. Separate health 
states for death were used; whether caused by 
stroke or other cause mortality. Annual Markov 
cycles were applied.

Successful treatment implies that the hypotheti-
cal patients enter the controlled AF health state. If 

the treatment strategy is not successful, the cohort 
of patients enters the uncontrolled AF health state. 
In case of a stroke event, the cohort may enter the 
stroke dead or post stroke health states. The ´post 
stroke´ health state implying an elevated mortality 
risk and reduced QoL. Patients face a risk of non-
stroke mortality and may at any stage make the 
transition to the non-stroke dead health state.
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Figure 1A:  Short-term model structure.



A summary of base-case model inputs are given in 
Table 1.

Model inputs

Clinical effectiveness

We conducted a literature search to find data to 
populate our model. Clinical studies have shown
a success rate for RFA, measured as freedom from 
AF relapses at 12 months, between 70 to 80 %, as-
suming that the intervention is repeated within 
a year in case of clinically significant relapse into 
AF or atrial tachycardia. 7-8 Five randomized con-
trolled clinical trials reporting efficacy of RFA com-
pared with AAD were identified. 9-13 One study 
was excluded as it only consider RFA as first-line 
treatment i.e. the patients did not receive AAD 
treatment prior to RFA.10 One of the randomized 
clinical trial found showing 56 % free from AF 
relapses during a follow-up period of 12 months 
of RFA treatment after a single procedure i.e. not 
repeated if failed.11 After a follow-up period of 12 
months, 91 % (63/69) patients still using AAD had 
at least one AF recurrence with the AAD treatment 
strategy.11

The probability used for the decision-tree was 

based on the assumption that the intervention is 
repeated within the first year in case of relapse 
into AF, the standard procedure in Sweden. The 
yearly rate of AF and relative risk ratios for both a 
first and a second RFA procedure were estimated 
using randomized controlled clinical trial data. 
An average of 1.4 procedures per patient is need-
ed to successfully isolate the pulmonary veins 
based on Swedish clinical data.14

Mortality and stroke risks

All AF patients with at least one risk factor for 
stroke (CHADS2) benefit from anticoagulation 
treatment to reduce thromboembolic events. No 
evidence was found to indicate different stroke 
risks in the controlled AF and uncontrolled AF 
health states. The baseline risk of stroke was as-
sumed to be 1.5 % for AF and non-AF on antico-
agulation treatment using a conservative assump-
tion .1 The age-dependant standard mortality 
rates were based on the Swedish national data. 15

Costs

The short-term decision tree considered the costs 
associated with the RFA procedure. It was as-
sumed that the RFA procedure was repeated with-
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Figure 1B:Long-term Markov model structure.
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in a year if not successful implying an additional 
cost for the repeated procedure in the short-term 
decision tree. A single RFA procedure was costed 
at 90 000 SEK (9 860 USD). 16-17 This cost includes 3 
to 4 hospitalization days and diagnostic examina-
tions e.g. ultrasound, CT /or MR and disposables 
such as catheters. This cost was thus multi plied 
by 1.4 procedures in the Markov model.

Serious complications associated with the RFA 

procedure include; tamponade, bleeding, pulmo-
nary vein stenosis, stroke and oesophageal fistu-
las. 18 Deaths have been reported in some cases 
in connection with pulmonary vein stenosis and 
oesophageal fistulas. In the Swedish national 
catheter ablation register information on compli-
cationsassociated with RFA treatment was avail-
able. The probability of a major complication was 
assumed to be 3 % using Swedish register data, 
no deaths were reported.19 All complications used 

Table 1 Summary of model inputs.

Variable Value Distribution
Probability of AF free at 12
months
RFA 0.780
AAD 0.090
Rate of AF in AAD 2.4423 Gamma(24, 0.10)
Risk ratio RFA vs AAD 0.1017 Log normal
Stroke risk, AF (%) 1.5 Gamma(1, 0.02)
Stroke risk, free from AF (%) 1.5 Gamma(1, 0.02)
Complication with RFA 0.030 Beta(14, 448)
Cost items Mean costs;

SEK (USD)
RFA procedure, single event* 90 000 (9 860) Gamma(36, 2500)
Complication cost 20 000 (2 190) Gamma(2, 11250)
AAD treatment, annual 15 000 (1 640) Gamma(9, 1667)
Anticoagulation treatment,
annual§

7 000 (770) Gamma(8, 875)

Cost of stroke (yr 1) 175 000 (19 180) Gamma(77, 2286)
Cost of stroke (>yr 1, per
annum))

40 000 (4 380) Gamma(16, 2500)

QALY-weights for males in
normal population Age

QALY-weights

>69 0.830 Beta(812, 166)
70-79 0.800 Beta(394, 99)
80< 0.740 Beta(103, 36)
Decrement for AF 0.100 Gamma(11, 0.01)
Decrement for stroke 0.250 Gamma(69, 0.00)
Annual discount rate
Costs

0.03

Effects 0.03

* Average cost for RFA procedure includes; 3-4 hospitalization days, diagnostic examinations e.g. ultrasound and/or CT
and MR and catheters.
§ Anticoagulation treatment (warfarin) consists of; monitoring at specialist dept. (58 %), average cost per unit, 200SEK
(22USD); number of visits per annum, 16.25; monitoring at primary care unit average cost per unit 545SEK (60USD) (42 %
average cost 509SEK (56USD) of which 10 % at home, average cost 861SEK (94USD), number of visits, 13.75; travel, 42SEK
(5USD); loss of production, 26SEK (3USD) and medication 576SEK (63USD).
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Quality-adjusted life years

No studies were found measuring QoL improve-
ment on AF patients in a way that could readily be 
used for QALY weights. However, several studies
have shown improved quality of life (QoL) after 
RFA treatment. 23,8 For instance, QoL, measured 
by the SF-36 instrument, improved significantly in 
all eight health dimensions after RFA treatment. 23 
In order to estimate QALY weights for different 
health states, age-adjusted QALY weights based 
on a Swedish general population were applied for 
patients in the controlled AF state, and used as 
reference points. The QALY weights used in the 
model was 0.83, 0.81 and 0.74 for individuals aged 
>69, 70-79 and >80.24 Decrements were applied to 
the general population utility weight for the un-
controlled AF state and the post stroke state. A 
decrement of 0.1 for uncontrolled AF and 0.25 for 
stroke was applied to the baseline utility in the 
controlled AF state.

Analysis

The model was evaluated using second-order 
Monte Carlo simulation. The cohort was simulat-

in our model were treated as costs.

Medical management for AF often involves the use 
of a combination of different medications. Both the 
RFA and AAD treatment strategy involves the use 
of AAD. The annual cost of AAD treatment has 
been estimated to 15 000 SEK (1 640 USD). This 
cost includes hospitalisation, AAD medication and 
consultation; hospitalisation being the major cost 
driver for AAD. 20 In the long-term model, contin-
ued use of AAD after the initial year, was assumed 
in the case RFA did not eliminate AF i.e. not free 
from AF.

The average cost of monitoring AF patients using
warfarin (anticoagulation) was 375 SEK (41 USD) 
per visit and 15 times a year, totalling to 6 052 SEK
(663 USD) per annum.21 This cost includes the cost 
for monitoring at either a specialist department or 
primary care unit and actual medication. The cost 
of medication was estimated to 575 SEK (63 USD) 
per annum. The post stroke health state is asso-
ciated with increased cost and the annual cost of 
stroke was assumed to be greater during the first 
year, based on the incidence of first-time stroke. 22

Table 2 Quality adjusted life years and incremental cost effectiveness ratios for RFA compared with AAD treatment.

Intervention QALY Cost
SEK (USD)

ICER
SEK (USD)/
QALY)

Probabilistic base-case
analysis
RFA 9.46 232 300 (25 460)
AAD 8.68 277 700 (30 440) Dom
Annual probability
of reversion to
uncontrolled AF after
RFA
5 %RFA 9.06 318 600 (34 920)
AAD 8.55 279 700 (30 660) 75 500 (8 280)
10 %
RFA

8.91 366 400 (40 160)

AAD 8.55 279 700 (30 660) 241 400 (26 460)
15 %
RFA

8.81 395 300 (43 330)

AAD 8.55 279 700 (30 660) 440 800 (48 310)

ICER, Incremental cost-effectiveness ratio; QALY, quality adjusted life years; RFA, radiofrequency ablation treatment; AAD, 
antiarrhythmic drug treatment. Dom, dominant.
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ed during Markov cycles until all hypothetical pa-
tients were assumed to be in the ‘dead’ health state 
during sixty-one Markov cycles. The total accumu-
lated costs and health outcomes for each Markov 
cycle were summarized for the hypothetical cohort 
of symptomatic AF patients. The results were pre-
sented in two ways. First, mean lifetime costs and 
QALYs showing the incremental cost-effectiveness 
ratios (ICERs) of the compared treatment strate-
gies are shown in Table 2 illustrating the additional 
costs needed per additional gained QALY. Second, 
decision uncertainty of the probabilistic analysis is 
plotted in the cost-effectiveness plane. The model 
was programmed and analyzed using Microsoft 
Office Excel.

Results

Base-case analysis

The base-case results show that the RFA treatment

strategy was associated with an incremental gain
in QALYs and reduced costs compared to the 
AAD strategy in the lifetime analysis. The model 
was run probabilistically and the results of the 
1000 simulations are shown in Figure 2. The verti-
cal axis represents the difference in costs and the 
horizontal axis the difference in health outcomes 
for the two treatment strategies. The plotted re-
sults imply that most of the ICERs are more effec-
tive and less costly in the SE quadrant and more 
costly in the NE quadrant. If the benefits of the 
RFA treatment strategy are sustained during a 
lifetime, the RFA treatment strategy would be the 
optimal one.

Alternative scenarios
 
One-way deterministic sensitivity analysis was 
preformed to assess whether the results were af-
fected by changes in the model assumptions. The
results of the analysis are dependant whether the

Figure: 2 Cost-effectiveness plane of probabilistic base-case analysis of RFA vs. AAD.

Scatterplot diagram to illustrate uncertainty in the results of the analysis. Each point represents the result from one simulation 
run based on parameter values drawn from prespecified statistical distributions. Results measured in additional (incremental) 
costs and QALYs gained (incremental effects) by replacing AAD with RFA in the lifetime analysis. The SE quadrant implies a 
treatment strategy associated reduced costs and incremental gain in QALYs i.e.
is considered a dominant treatment strategy.
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the model. A lifetime time horizon is relevant, as 
benefits are likely to accrue well beyond the dura-
tion of a clinical trial and costs are largely the re-
sult of the initial intervention. The main costs for 
RFA treatment occurs during the first year due to 
considerably higher intervention costs compared 
to AAD treatment.

The RFA treatment strategy, when used as a sec-
ond- line strategy, is the standard procedure in 
Sweden and in accordance with international 
guidelines. AAD treatment involves the daily use 
of medications and is not always well tolerated 
by the patient. This is also a reason why the RFA 
might be considered cost-effective compared to 
AAD. The AAD strategy has often proven non 
successful and the low efficacy AAD therefore 
favours the RFA treatment strategy. One could 
argue that the AAD treatment strategy might be 
associated with a higher disutility compared to 
the RFA treatment strategy. We chose to use con-
servative estimates as not to disfavour the AAD 
treatment strategy in the base-case scenario.

The two key parameters we found to be most 
important to examine were the reversion rates of 
the RFA procedure back to AF and variations in 
stroke risks in the different AF health states. We 
found no long-term studies of the sustainability 
of the RFA treatment strategy i.e. if the QoL ben-
efits are maintained over a lifetime period. We 
considered different annual reversion rates back 
to AF in the alternative scenarios, implying both 
decreasing QALYs and higher costs for the RFA 
strategy. We used a conservative estimate for the 
stroke risk in the base-case analysis for the con-
trolled and uncontrolled AF health states. There 
are more patients in the AF health state in the 
AAD strategy; therefore the AAD strategy was 
more sensitive to variations in stroke risk.

Only two studies were found assessing cost-ef-
fectiveness of the RFA treatment strategy. 4-5 The
US study concludes that RFA treatment is poten-
tially cost-effective for symptomatic AF patients
compared to medical management. The benefit
of each treatment strategy was driven primarily
by stroke risk reduction. A wide range of efficacy
rates were explored and there is a risk that the ef-
fects of the RFA treatment strategy have been over-
estimated. Early studies have indicated that RFA 
is a curative treatment strategy and the US study 

long-term positive effect of RFA is maintained over 
a lifetime period i.e. patients remaining free from 
AF. In the absence of data beyond a 12 month fol-
low- up period, we considered annual reversion 
rates back to uncontrolled AF after RFA of 5 %, 10 
% and 15 % annually, in the alternative scenarios 
(Table 2). The results of the analyses were sensitive 
to reversion back into AF, implying both decreas-
ing QALYs and higher costs for the RFA treatment 
strategy. Even though the results were sensitive to 
reversion back into AF, the costs of RFA are only 
slightly higher compared to the AAD treatment 
strategy. The benefits (QALYs) of RFA are always 
higher than that of the AAD strategy in the alterna-
tive scenarios. In spite of higher costs and decreas-
ing QALYs for the RFA strategy, Table 2 is to be 
interpreted, by combining both costs and benefits 
in the ICER column. For all values tested, the IC-
ERs were below the so called threshold value for 
what is considered cost-effective (ranging from 
dominant to 440 800 SEK (48 310 USD).

Little is known whether the elevated stroke risk 
in the AF health state is eliminated with the RFA 
treatment strategy. In the base-case analysis an 
estimate of 1.5 % was used for both controlled 
and uncontrolled AF. In the sensitivity analysis 
the stroke risk was varied in the uncontrolled AF 
health state. There are more patients in the AF state 
in the AAD treatment strategy. An elevated stroke 
risk for the AF state will decrease health outcomes 
in the AAD treatment strategy. As there are more 
AF patients in the AAD strat egy, the AAD treat-
ment strategy is disfavoured.

Discussion

Our results, based on a modelling approach, indi-
cate that the RFA treatment strategy is cost-effec-
tive. We assessed lifetime costs and effects using 
relevant randomized controlled trials, different 
published papers and Swedish register data as in-
put variables for both treatment strategies. Using 
probabilistic analysis allows uncertain parameters 
to vary randomly within predefined distributions 
reflecting the overall level of uncertainty of model 
parameters.

There are several sources of uncertainty to be con-
sidered when interpreting the results associated 
with methodological aspects and model assump-
tions. We used a lifetime time horizon to analyse 
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also refers to the restoration of sinus rhythm. We 
found no evidence to indicate stroke risk reduc-
tion in the controlled AF health state after an RFA 
procedure. The second study was based on a UK
population using a similar model structure to ours. 
5 The UK study has considerably higher probabil-
ities for the success rates for both the RFA and 
AAD treatment strategies compared to our study.
The clinical effectiveness input variables in the 
UK study were based on a meta-analysis. It is 
unclear whether the high efficacy refers to a mix
of first- and second-line treatment .10 There is 
also the possibility of bias toward one study with 
higher efficacy compared to other clinical stud-
ies .12 However, both previous cost-effectiveness 
studies are in line with our results, indicating a 
cost-effective treatment strategy for RFA if QoL 
improvement is maintained. Other studies were 
found comparing catheter ablation treatment 
with medical management but not in relation to 
effects. The cost comparison analyses by Khaykin 
et al. 2- 3 studied RFA versus AAD both as a sec-
ond-line and first-line treatment strategy. They 
conclude that the RFA treatment strategy was 
considered cost-equivalent at 4 years when used 
as secondline treatment strategy and was cost 
neutral at 2 years when used as a first-line treat-
ment strategy.

The results were sensitive to whether the long-
term QoL benefits are maintained after the initial 
RFA procedure. Follow-up studies would be im-
portant when confirming the sustainability of the 
RFA treatment strategy. Our modelling approach 
provides an analytic framework and new param-
eter estimates can readily be incorporated into 
the model once more evidence becomes available.

In conclusion, the RFA treatment strategy was 
associated with reduced cost and an incremental 
gain in QALYs and was considered a cost-effec-
tive treatment strategy compared to the AAD in 
a lifetime perspective, despite higher initial inter-
vention costs.
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