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Abstract

Atrial fibrillation (AF) is one of the most common cardiac conditions treated in primary care and specialty cardiology settings, and is
associated with considerable morbidity, mortality and cost. Catheter ablation, typically by electrically isolating the pulmonary veins
and surrounding tissue, is more effective at maintaining sinus rhythm than conventional antiarrhythmic drug therapy and is now
recommended as first-line therapy. From a value standpoint, the cost-effectiveness of ablation must incorporate the upfront procedural
costs and risks with the benefits of longer term improvements in quality of life (QOL) and healthcare utilisation. Here, we present a primer
on cost-effectiveness analysis (CEA), review the data on cost-effectiveness of AF ablation and outline key areas for further investigation.
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Atrial fibrillation (AF) is the most frequently encountered arrhythmia
in clinical practice.™” The prevalence of AF in the United States ranges
from 2.7 to 6.1 million, with 5.6 to 12 million additional cases projected
by 2050." Medicare spending for new AF diagnoses has reached $15.7
billion per year as extrapolated from a 2004-2006 dataset, primarily
driven by its complications (e.g. stroke, heart failure, tachycardia and
myocardial infarction).3*

Management of AF generally consists of preventing stroke and managing
the rhythm, either by controlling the ventricular rate independent of
rhythm (rate control) or by restoring and maintaining sinus rhythm
(rhythm control). Maintenance of sinus rhythm is usually reserved for
patients with symptoms attributable to AF, but may also be beneficial
in heart failure or structural heart disease.® Over the last 15 years,
pulmonary vein or antral isolation by catheter ablation has matured
as a therapeutic option for rhythm control and has been shown to
have greater efficacy than antiarrhythmic drug (AAD) therapy alone.c®
Investigation into its cost-effectiveness, however, has been limited.

Multiple studies have demonstrated that anticoagulation with warfarin
or with target-specific anticoagulants is cost-effective in moderate-
to high-risk patients with AF.>® The data are more variable for
catheter ablation, in part due to the heterogeneity of treatment,
patient selection, and the challenge of comparing a procedure with
upfront risks and costs to a daily pharmaceutical therapy with a
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more consistent risk and cost profile. In this review, we present key
considerations in estimating the costs and effectiveness of ablation,
highlighting limitations of the current literature and areas requiring
additional research.

A Primer on Cost-Effectiveness Analysis
Cost-effectiveness analysis (CEA) attempts to determine the value
of an intervention by comparing the costs and outcomes (clinical
effectiveness) of two or more therapies.” Value in healthcare is
conceptually defined as Value = Effectiveness/Cost.

Effectiveness can be measured in the years of life gained from a
therapy. However, since not all health states are equally desirable,
quality-adjusted life years (QALYS) are incorporated by multiplying
a "utility” value to the life-years of survival gained (where a utility
of 1.0 represents ideal health). Note that this framework does not
give preference to longevity or utility: 10 years of perfect health
is considered equivalent to five years of health at 50 % utility.
Considerations in the effectiveness of a study intervention include
magnitude of effect (number of life-years or improvement in quality
of life [QOL] added by procedure), efficacy (the success rate of the
procedure), and complications.

Healthcare costs are usually generated from published fee schedules
of reimbursements from payers, or from empirical assessments of
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actual reimbursements of claims (e.g. Medicare data in the US). The
costs of procedures, medications and services often vary across
hospitals and regions even for the same payer. Costs not only
reflect out-of-pocket expenditures of the procedure or medication,
but also incorporate long-term healthcare expenses, which may
include complications, repeat procedures and other spending (e.g.
hospitalisation fees). Costs must also be adjusted for inflation to
reflect current prices.

Value is quantified with the incremental cost-effectiveness ratio
(ICER) and represents a cost per QALY gained expressed as ICER =
[Cost (A) — Cost (B)] / [Benefit (A) — Benefit (B)]. Larger ICERs indicate
poorer cost-effectiveness. In the US, ICERs are not officially used for
policy determination, but are considered by European governments
such as the UK and the Netherlands. In practice, the willingness-to-
pay threshold based on acceptability of value is $50,000USD/QALY
in the US and £20,000/QALY in the UK. ICERs below this range are
generally regarded as cost-effective. ICERs above $100,000USD/
QALY or £40,000/QALY are considered too expensive. In the case
that a treatment is both less expensive and more effective than its
comparator, we say that it “dominates” the alternative.

The balance between cost and effectiveness also depends on the time
horizon, or duration over which the treatment’s costs and benefits are
considered. Shorttime horizons (e.g. two to five years) can fail to capture
long-term value of a therapy, particularly when there is high early
cost or risk such as with a procedure. On the other hand, econometric
models utilising significant assumptions over long time horizons
(e.g. a lifetime) can have magnified distortion from inaccurate
inputs. Investigators may also overestimate the long-term benefits of
certain interventions.™

CEA incorporates cost and effectiveness data in several approaches.
One is trial-based, where costs and benefits are calculated alongside an
ongoing randomised clinical trial (RCT). The advantage of this method is
that “real numbers” are gathered during the course of the comparison
of interventions. Furthermore, because incremental differences in cost
and QALY are of interest, randomisation helps to balance all other
confounders in both groups. The disadvantage of a trial-based approach
is that characteristics of randomised trial populations are often not
generalisable to patients considered for the treatment in a healthcare
system.™s Trial patients may have higher compliance, greater symptom
burden, and may receive more regular or protocolled follow-up. Also,
since clinical trials are costly, their time horizons are often short.

An alternative approach is a model-based study, which instead uses
a set of inputs of cost, QOL and estimates of risks and benefits of
treatment. Models are desirable as they can extrapolate findings
over long time horizons. An example is the Markov decision analysis
model, in which hypothetical patients enter various health states
over the length of a set time horizon, simulating a disease course.
The multiple branch points allow for the input of various clinical
parameters, enabling researchers to approximate society-level
populations. Unfortunately, this approach is limited by the strength of
model design or inputs, which may not reflect the full heterogeneity
of clinical practice and often must assume values where data do
not exist. Models can be tested for their sensitivity to these input
assumptions through one-way sensitivity analysis, where an assumed
variable is changed over a range of values to determine its impact on
the model’s outcome.
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Hybrid approaches, combining trial-based utilities and cost for short-
term inputs and model-derived values for longer term inputs, have
been increasingly used.” All AF CEAs have been model-based, as
existing RCTs have not reported long-term cost or QOL data.

Cost of Catheter Ablation

Costs of AF ablation range considerably between countries and
even within the same healthcare system. For example, two studies
in 2003 reported average procedural costs of €4,715 in France and
$17,173 in the US, based on hospital billing records.”™ A Japanese
report estimated a cost range of ¥1,063,200-¥4,059,280 (2010).” Data
from government fee schedules were used to generate expenses of
$21,294CAD in Canada (2007) and $26,584USD in the US (2008).202!

Unfortunately, many of these published cost estimates incorporated
into CEA analyses are over 10 years old and simply adjusting for
inflation may fail to reflect present-day costs. Recently, we analysed
26,000 patients with commercial healthcare insurance in the US who
underwent AF ablation between 2006 and 2011. The median cost was
substantial and with considerable variation ($21,300USD; Interquartile
Range 25-75 %: $12,000-$38,500USD). We also found that cost
increased by 22 % from 2006 to 2011, which far exceeds the rate of
healthcare inflation in the US (data unpublished).

Effectiveness and Safety of Catheter Ablation

A meta-analysis comparing AF ablation with AAD therapy included 63
studies with nine RCTs.¢ The authors concluded that the single and
multiple procedure success rates for maintaining normal sinus rhythm
(NSR) were 57 % and 77 %, respectively (compared with 52 % on AAD
alone). Of note, the mean follow-up period of their component studies
was 14 months, with significant variation between studies (two to 30
months). Other trials and reviews have reported efficacy values as
optimistic as 88 %.72% More recently, our group updated the Calkins
review by extending its cohort through January 2012. We found the
pooled success rates for single and multiple procedures to be 61+18 %
and 73+14 %, respectively.®

A major limitation of these results is the considerable variation in
the definition of treatment failure and method of ascertainment.
Moreover, no studies evaluated QOL as a primary outcome, making
assessment of utility difficult. However, other observational studies
have shown that AF is associated with reductions in QOL, which
improves after restoration of NSR from ablation.”®2'2 A utility value
calculated for a 2009 CEA was 0.725 for patients having AF, with a
0.065 post-procedure improvement if patients remained in NSR.”"

AF ablation also carries procedural risk, such as haemorrhage and
stroke.«” Data from the California State Inpatient Database indicated
an in-hospital complication rate of 5.1 % after ablation.” 52.1 % of
the reported adverse events were vascular (44.1 % haemorrhagic).
Cardiac perforation or tamponade accounted for 44 % of the
complications. Less common complications included stroke (4.7 %),
pneumothorax or haemothorax (1.9 %), and transient ischaemic
attack (1.4 %). Only one inpatient death was reported for the cohort
of 4,156. The 30-day readmission rate was 9.4 %, mostly attributable
to AF recurrence. These adverse event rates are comparable to those
reported in clinical trials and international site surveys.&’2# Two of
these studies demonstrated higher 30-day and longer term rates of
major complication with AAD treatment.¢’ In the international survey
of AF ablation, the complication rate (up to 19 months out) among
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181 centres who responded to the survey was 5.9 %.2 A follow-up
survey published five years later found a similar major complication
rate of 4.5 %.”

Cost-Effectiveness of Catheter Ablation

We identified eight major studies evaluating the cost-effectiveness
of catheter-directed ablation of AF by performing a literature search
of MEDLINE, PubMed and Web of Science for articles published
between January 2006 and October 2014.2%% Seven of the studies
examined RF ablation, while one examined cryoballoon ablation. All
the studies utilised a Markov model and reported their findings as
ICERs. A compilation of the model parameters is provided in Table 1
and QALYs, costs and ICERs are summarised in Table 2. The analyses
differed in type of AF considered (paroxysmal, persistent or both), the
role of ablation as a first-line or second-line treatment, control group
(AAD or rate control), anticoagulation regimen and time horizon.
Further details of each study will be reviewed case by case below.

Chan (2006)

The first published CEA compared AF ablation to rate and rhythm
control (with amiodarone) using a US societal perspective.® Cost-
effectiveness over a lifetime time horizon was assessed in several
patient scenarios. AF ablation vs. rate control had ICERs of $51,800USD/
QALY and $28,700USD/QALY in hypothetical patients aged 65 and
55 years, respectively, at moderate stroke risk. If the 65-year-old's
stroke risk profile was changed to low-risk, then the ICER increased to
$98,900USD/QALY. Noteworthy assumptions of this model driving ICER
included the cost of AF ablation, efficacy of rate control, success rate of
AF ablation, utility of warfarin therapy, rate of haemorrhage on warfarin,
and stroke rate of AF. The model assumed utility benefit to be near zero
between NSR and AF.

Rodgers/McKenna (2008)

Subsequent CEAs analysed real-world data from the UK. Unlike
the previous analysis, the comparator to catheter ablation was AAD,
and ablation was treated as second-line therapy for patients failing
AAD. For a predominantly male (80 %), younger (mean age 52 years)
patient population with CHADS, score of 1, the study yielded an ICER
of £25,510/QALY over a five-year time horizon and an ICER of £7,780/
QALY over a lifetime horizon. Important assumptions of this analysis
with impact on ICER included the success rate of ablation, stroke risk
of NSR, and improvement in QOL in NSR compared with AF.

Reynolds (2009)

The next published study revisited the US viewpoint, evaluating
ablation as second-line treatment in a 60-year-old male cohort with
paroxysmal AF.? Over a five-year time horizon, an ICER of $51,431USD/
QALY for ablation vs. AAD was obtained. The model assumed a first
procedure ablation success rate of 60 % and that AAD medications
would not be continued once NSR was achieved in the ablation group,
as well as no difference in stroke or mortality risk between NSR and
AF. Improved utility values in the NSR population compared with AF
were calculated using the SF-12 and SF-36 questionnaires.* Key
assumptions with greatest effect on sensitivity analysis were NSR and
AF utility and ablation cost.

Eckard (2010)

A CEA of the Swedish population analysing ablation versus AAD
as second-line therapy over a lifetime horizon found that AAD was
dominated by ablation.® The assumption with the greatest impact on the
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model was the rate of NSR maintenance over a lifetime in the ablation
group. As such, ICERs were calculated for annual probability of reversion
to AF following ablation at 5 %, 10 %, and 15 %, yielding $8,280USD/
QALY, $26,460USD/QALY and $48,310USD/QALY, respectively.

Assasi/Blackhouse (2010/2013)

An analysis of the Canadian population determined an ICER of
$59,194CAD/QALY for RF ablation compared with AAD (amiodarone)
over a five-year time horizon for a base case cohort of 65-year-old male
patients with paroxysmal AF and CHADS, score of 2.3% Though a lifetime
time horizon was not explored, the model extrapolated results over a
20-year horizon, finding ablation to be dominant over AAD. The authors
noted that, contrary to the Reynolds study, their model produced a
higher ICER ($86,129CAD/QALY) when assuming that restoring NSR had
no impact on stroke risk. Their model was highly sensitive to AF and NSR
utility, with ICERs ranging from $38,390CAD/QALY to $221,839CAD/QALY
for AF disutility values of 0.08 and 0.0, respectively. Interestingly, the
probability of AF recurrence following ablation was not an assumption
that impacted their ICER estimate significantly.

Ollendorf (2010)

A White Paper by the Institute for Clinical and Economic Review
investigated the cost-effectiveness of AF rhythm control strategies
in multiple contexts.®* The project considered a variety of therapies
including rhythm and rate control, catheter ablation and surgery.
The group’s model utilised three hypothetical patient cohorts: a
60-year-old male group with paroxysmal AF and CHADS, score of
0, a 65-year-old male group with persistent AF and CHADS, of 1,
and a 75-year-old male group with persistent AF and CHADS, of 3.
AF ablation was examined as both first- and second-line treatment
compared with rate control as second-line treatment following failure
of AAD (amiodarone). For first-line ablation compared with second-
line rate control, the 60-year-old low risk group yielded an ICER of
$26,869USD/QALY, the 65-year-old moderate risk group: $60,804USD/
QALY, and the 75-year-old high-risk group: $80,615USD/QALY. For
second-line ablation compared to second-line rate control, the
60-year-old low risk group yielded an ICER of $37,808USD/QALY, the
65-year-old moderate risk group: $73,947USD/QALY, and the 75-year
old high-risk group: $96,846USD/QALY. The authors also compared
second-line catheter ablation with thorascopic off-pump surgical
ablation and determined that in all three groups, catheter ablation
dominated surgical ablation. Assumptions with greatest impact on
one-way sensitivity were AF and NSR utility and stroke risk following
AF conversion to NSR. The decreased use of warfarin following
conversion to NSR, as well as the impact of warfarin on QOL, did not
significantly alter the Ollendorf model.

Aronsson (2014)

A recent CEA based on the European MANTRA-PAF (Medical
Antiarrhythmic Treatment or Radiofrequency Ablation in Paroxysmal
Atrial Fibrillation) multicentre clinical trial determined an ICER of
€50,570/QALY when comparing RF ablation with AADs as first-line
therapy for a lifetime time horizon in Denmark, Finland, Germany
and Sweden.¥ Subgroup analysis suggested that ablation was more
cost-effective in younger patients, as an ICER of €3,434/QALY was
calculated for patients <50 years, whereas it rose to €108,937/QALY
for patients >50 years. The study was unique in that it incorporated
the rate of crossovers in the AAD group to ablation, and the model
was found to be most sensitive to the cost of ablation and readiness
of offering crossovers.
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Table 2: Summary of Study Results

Chan et al.3° Rodgers/McKenna3' Reynolds Eckard Assasi/ Blackh Ollendorf et al.3¢ Reynolds Aronsson et al.3”
et al.(2009)*" et al.® et al.3 (First-line) et al.(2014)
55y.0. 65Y.0. 65Y.0. 5-year Lifetime 5-year 20-year 60Y.0. 65 Y.0. 75y.0. Cryoballoon <50y.0. >50y.0.
mod risk mod risk low risk horizon horizon horizon horizon low risk mod risk  high risk
AF Ablation 14.26 11.06 11.40 11.18 12.14 3.51 9.46 3.42 -- 11.63 8.96 6.00 3.57 - --
Comparison 13.95 10.81 11.21 10.76 10.77 3.38 8.68 3.27 -- 11.12 8.67 5.80 3.40 - --
Incremental 0.31 0.25 0.19 0.42 1.37 0.13 0.78 0.14 0.51 0.51 0.30 0.21 0.17 0.142 0.035
AF Ablation $59,380 $52,369 $43,036 £26,016 £26,027 $26,584 $9,860 $21,150 CAD - $34,044 $38,245 $34,410 | £21,162 - -
Comparison $50,509 $39,391 $24,540 £15,352 £15,367 $19,898 $1,640 $12,611 CAD  -- $20,265 $20,332 $17,759 £17,627 - --
(annual)
Incremental $8,871 $12,978 $18,496 £10,664 £10,660 $6,686 $1,660 $8,539 CAD $71 CAD $13,779 $17,913 $16,651 £3,535 €488 €3,685
(5-year)
Ablation vs. $28,700 $51,800 $98,900 £25,510 £7,780 $51,431/ Dominant $59,194 Dominant | $26,869 $60,804  $80,615 | £21,957/QALY  €3,434 €108,937
Comparator /QALY /QALY /QALY /QALY /QALY QALY CAD/QALY /QALY /QALY /QALY /QALY /QALY
Probability of Cost-  $50,000/QALY: 40 % £20,000/QALY: 16.5 % N/A N/A $50,000 CAD /QALY: 30 % | Multiple £20,000/QALY:  <€50,000/QALY:
Effectiveness of $100,000/QALY: 78 % £30,000/QALY: 68.6 % $100,000 CAD/QALY: 89 % unlikely ~90 % for <50 y.0.
AF Ablation at £30,000/QALY:  group.
Willingness-to-pay 86 % £40,000/
Threshhold QALY: 97.2 %

AF = atrial fibrillation, AAD = anti-arrhythmic drug, RC = rate control, ASA = aspirin, NSR = normal sinus rhythm, y.o. = year old, mod = modera te, CAD = Canadian dollar, ICER = incremental cost-effectiveness ratio, QALY = quality-adjusted life year
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Reynolds (2014)

The aforementioned studies examined cost-effectiveness of AF
ablation by radiofrequency ablation. A recent paper was the first to
analyse that of cryoballoon ablation, which utilises freezing rather
than burning to isolate arrhythmogenic foci.®*# Cryoballoon ablation
was modelled from the UK perspective over a five-year time horizon
as a second-line therapy compared with AADs in paroxysmal AF. They
calculated an ICER of £21,957/QALY. The model was most sensitive to
cost of follow-up care for recurrent AF and cost of ablation. Notably,
the base-case ICER was comparable with that reported by the
Rodgers/McKenna groups of radiofrequency ablation (£25,510/QALY).

Limitations, Future Directions

One-way sensitivity analyses of the above CEA studies show that the
ICERs derived from their models are most sensitive to several input
assumptions, which indicate areas requiring additional investigation.
The three most commonly reported assumptions and input values
were time horizon, the success rate of ablation and the QOL utility
of restoring NSR. As such, for more accurate modeling, we must
better determine the long-term effects that catheter ablation has on
outcomes and costs, including maintenance of NSR, hospitalisations
associated with recurrent AF to its relationship with heart failure,
stroke and mortality. Ablation studies should also monitor patient
QOL, instead of simply quantifying AF suppression rates and duration.
Lastly, trends seen in AF ablation clinical trials such as high crossover
rates should be accounted for when considering true definitions of
first-line and second-line therapy.

As for future trends, our findings of ongoing cost escalation of
AF ablation could cause the incremental cost of the procedure
to rise to the point that ICERs may far exceed willingness-to-pay
thresholds. Nevertheless, the field of electrophysiology is constantly
evolving, and new research may improve cost effectiveness. For
example, improved patient selection (of those with high likelihood of
QOL improvement, not just those less likely to have AF recurrence),
cost containment, and emerging approaches of ablation with

higher successratesandimproved durability of the ablation result could
all substantially bend the cost curve. Judicious selection of
procedure equipment could also lower expenditures, as ablation
costs vary by material manufacturers: Reported prices of individual
ablation device components (e.g. catheter, ultrasound, needles)
reveal an impressive range for the cost of a single procedure from
$6,637-$12,603USD (2013) based on cheapest and most expensive
components respectively.”

New technologies could further cut costs by simplifying the procedure.
Cryoballoon ablation was designed to obviate the need for a mapping
system and creation of multiple ablative lesions, leading to shorter
procedure times. On the other hand, standardisation of practice will
be crucial, as many physicians perform radiofrequency with mapping
at the same time as cryoablation, which would dramatically increase
the cost.

Conclusions

In summary, assessing the value of AF ablation from a healthcare or
societal perspective is challenging. ICER estimates are high, close to
willingness-to-pay thresholds, and may have considerable uncertainty
around them. However, the data show that ablation may be cost-
effective in the right patient. For first-line therapy, the procedure may
not be cost-effective because of a moderate likelihood of treatment
response. In the CEA studies that examined AF ablation as first-line
therapy, the threshold values calculated for efficacy were closely tied
to the assumptions of stroke risk/QOL improvements. They yielded
ICERs <$50,000USD/QALY for procedural efficacy of 80 %-88 % and
annual stroke risk of NSR <0.76 % or QOL improvement of -0.02
QALYs.®%¥ But in symptomatic patients who fail AAD therapy, the
studies indicate that AF ablation is generally cost-effective, particularly
in younger patients with high symptom burden, as they are more likely
to be alive longer and experience toxic side effects of pharmaceutical
approaches.® Advances both in cost-saving policies and novel
technologies with greater success rates will continue to expand the
pool of patients for whom ablation is a cost-effective solution. i

1. Go A, Mozaffarian D, Roger V, et al. Heart disease and stroke
statistics-2014 update: a report from the American Heart 11.
Association. Circulation 2014,129:e28-€292.

2. Miyasaka Y, Barnes M, Gersh B, et al. Secular trends in
incidence of atrial fibrillation in Olmsted County, Minnesota, 12.
1980 to 2000, and implications on the projections for future
prevalence. Circulation 2006;114:119-25.

3. Lee W, Lamas G, Balu S, et al. Direct treatment cost of atrial 13.
fibrillation in the elderly American population: a Medicare

Oxford University Press; 2005.

Outcomes Res 2008;8:165-78.

in atrial fibrillation. J Cardiovasc Med 2012;13:86-96.
Drummond M, Sculpher M, Torrance G, et al. Methods for the 22.
Economic Evaluation of Health Care Programmes. New York, US:

Grosse S. Assessing cost-effectiveness in healthcare: history
of the $50,000 per QALY threshold. Expert Rev Pharmacoecon 23.

Drummond M, Sculpher M. Common methodological flaws in
economic evaluations. Med Care 2005;43(7 Suppl):5-14. 24.

fibrillation. Circ Arrhythm Electrophysiol 2009;2:362-9.

Oral H, Scharf C, Chugh A, et al. Catheter ablation for
paroxysmal atrial fibrillation: segmental pulmonary vein

ostial ablation versus left atrial ablation. Circulation
2003;108:2355-60.

Noheria A, Kumar A, Wylie J, et al. Catheter ablation vs
antiarrhythmic drug therapy for atrial fibrillation: a systematic
review. Arch Intern Med 2008;168:581-6.

Terasawa T, Balk E, Chung M, et al. Systematic review:

perspective. J Med Econ 2008;11:281-98.

. Weiss N, Koepsell T, Psaty B. Generalizability of the results of

comparative effectiveness of radiofrequency catheter

4. Sullivan E, Braithwaite S, Dietz K, et al. Health services randomized trials. Arch Intern Med 2008;168:133-5. ablation for atrial fibrillation. Ann Intern Med 2009;151:191-202.
utilization and medical costs among Medicare atrial 15. Dhruva S, Redberg R. Variations between clinical trial 25. Nair G, Nery P, Diwakaramenon S, et al. A systematic review
fibrillation patients. Washington DC, US: Avalere Health; 2010. participants and Medicare beneficiaries in evidence used of randomized trials comparing radiofrequency ablation with

5. January CT, Wann LS, Alpert JS, et al. 2014 AHA/ACC/ for Medicare national coverage decisions. Arch Intern Med antiarrhythmic medications in patients with atrial fibrillation. J
HRS guideline for the management of patients with atrial 2008;168:136-40. Cardiovasc Electrophysiol 2009;20:138-44.
fibrillation: executive summary: a report of the American 16. Cohen D, Osnabrugge R, Magnuson E, et al. Cost- 26. Wazni O, Marrouche N, Martin D, et al. Radiofrequency
College of Cardiology/American Heart Association Task effectiveness of percutaneous coronary intervention with ablation vs antiarrhythmic drugs as first-line treatment
Force on Practice Guidelines and the Heart Rhythm Society. drug-eluting stents vs. bypass surgery for patients with of symptomatic atrial fibrillation: a randomized trial. JAMA
J Am Coll Cardiol 2014; Epub ahead of print. doi: 10.1016/j. 3-Vessel or left main coronary artery disease: final results 2005;293:2634-40.
jacc.2014.03.021. from the SYNTAX trial. Circulation 2014;130:1146-57. 27. Shah R, Freeman J, Shilane D, et al. Procedural

6. Calkins H, Reynolds M, Spector P, et al. Treatment of atrial 17. Weerasooriya R, Jais P, Heuzey J, et al. Cost analysis of complications, rehospitalizations, and repeat procedures
fibrillation with antiarrhythmic drugs or radiofrequency catheter ablation for paroxysmal atrial fibrillation. Pacing Clin after catheter ablation for atrial fibrillation. J Am Coll Cardiol
ablation: two systematic literature reviews and meta- Electrophysiol 2003;26:292—4. 2012,59:143-9.
analyses. Circ Arrhythm Electrophysiol 2009;2:349-61. 18. Goldberg A, Menen M, Mickelsen S, et al. Atrial fibrillation 28. Cappato R, Calkins H, Chen S, et al. Worldwide survey on the

7. Wilber D, Pappone C, Neuzil P, et al. Comparison of ablation leads to long-term improvement of quality of life methods, efficacy, and safety of catheter ablation for human
antiarrhythmic drug therapy and radiofrequency catheter and reduced utilization of healthcare resources. J interv Card atrial fibrillation. Circulation 2005;111:1100-5.
ablation in patients with paroxysmal atrial fibrillation: a Electrophysiol 2003;8:59-64. 29. Cappato R, Calkins H, Chen S, et al. Updated worldwide
randomized controlled trial. JAMA 2010;303:333-40. 19. Noro M, Kujime S, Ito N, et al. Cost effectiveness of survey on the methods, efficacy, and safety of catheter

8. Perino A, Hoang D, Holmes T, et al. Association between radiofrequency catheter ablation vs. medical treatment ablation for human atrial fibrillation. Circ Arrhythm Electrophysiol
success rate and citation count of studies of radiofrequency for atrial fibrillation in Japan — cost performance for atrial 2010;3:32-8.
catheter ablation for atrial fibrillation: possible evidence of fibrillation. Circ J Off J Jpn Circ Soc 2011;75:1860-6. 30. Chan P, Vijan S, Morady F, et al. Cost-effectiveness of
citation bias. Circ Cardiovasc Qual Outcomes 2014;7:687-92. 20. Khaykin Y, Morillo C, Skanes A, et al. Cost comparison of radiofrequency catheter ablation for atrial fibrillation. J Am Coll

9. Freeman J, Zhu R, Owens D, et al. Cost-effectiveness of catheter ablation and medical therapy in atrial fibrillation. J Cardiol 2006,47:2513-2520.
dabigatran compared with warfarin for stroke prevention in Cardiovasc Electrophysiol 2007;18:907-13. 31. Rodgers M, McKenna C, Palmer S, et al. Curative catheter
atrial fibrillation. Ann Intern Med 2011;154:1-11. 21. Reynolds M, Zimetbaum P, Josephson M, et al. Cost- ablation in atrial fibrillation and typical atrial flutter:

10. Solomon M, Ullal A, Hoang D, et al. Cost-effectiveness of effectiveness of radiofrequency catheter ablation compared systematic review and economic evaluation. Health Technol

pharmacologic and invasive therapies for stroke prophylaxis

182

with antiarrhythmic drug therapy for paroxysmal atrial

Assess 2008;12:iii-v, xi—xiii, 1-198.

ARRHYTHMIA & ELECTROPHYSIOLOGY REVIEW



Cost-effectiveness of Catheter Ablation

32.

33.

34.

35.

McKenna C, Palmer S, Rodgers M, et al. Cost-effectiveness of
radiofrequency catheter ablation for the treatment of atrial
fibrillation in the United Kingdom. Heart 2008;95:542-9.

Eckard N, Davidson T, Walfridsson H, et al. Cost-effectiveness
of catheter ablation treatment for patients with symptomatic
atrial fibrillation. J Atr Fibrillation 2009;1:15-25.

Assasi N, Blackhouse G, Xie F, et al. Ablation procedures

for rhythm control in patients with atrial fibrillation: clinical
and cost-effectiveness analysis. Technology Report no.

128. Ottawa, Canada: Canadian Agency for Drugs and
Technologies in Health; 2010.

Blackhouse G, Assasi N, Xie F, et al. Cost-effectiveness

of catheter ablation for rhythm control of atrial

fibrillation. Int J Vasc Med 2013;2013: Epub ahead of print.

ARRHYTHMIA & ELECTROPHYSIOLOGY REVIEW

36.

37.

38.

39.

doi:10.1155/2013/262809.

Ollendorf DA, Silverstein MD, Bobo T, et al. Management
options for atrial fibrillation. US Institute for Clinical and
Economic Review; 2010.

Aronsson M, Walfridsson H, Janzon M, et al. The cost-
effectiveness of radiofrequency catheter ablation as first-line
treatment for paroxysmal atrial fibrillation: results from a
MANTRA-PAF substudy. Eur. Europace 2014; Epub ahead of
print. doi: 10.1093/europace/euu188.

Reynolds MR, Lamotte M, Todd D, et al. Cost-effectiveness
of cryoballoon ablation for the management of paroxysmal
atrial fibrillation. Europace 2014;16:652-9.

Bourke J, bunuwille A, O'Donnell D, et al. Pulmonary vein
ablation for idiopathic atrial fibrillation: six month outcome

40.

41.

42.

43.

of first procedure in 100 consecutive patients.

Heart Br Card Soc 2005;91:51-7.

Brazier J, Roberts J, Deverill M. The estimation of a
preference-based measure of health from the SF-36.

| Health Econ 2002;21:271-92.

Brazier J, Roberts J. The estimation of a preference-

based measure of health from the SF-12. Med Care
2004;42:851-9.

Packer D, Kowal R, Wheelan K, et al. Cryoballoon ablation
of pulmonary veins for paroxysmal atrial fibrillation.

J Am Coll Cardiol 2013;61:1713-23.

Winkle R, Mead R, Engel G, et al. Physician-controlled costs:
the choice of equipment used for atrial fibrillation ablation.
Jinterv Card Electrophysiol 2013;36:157-65.

183



	AER_3.3 51
	AER_3.3 52
	AER_3.3 53
	AER_3.3 54
	AER_3.3 55
	AER_3.3 56
	AER_3.3 57

