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Objectives: Randomized controlled trials of pulmonary vein isolation (PVI) for treating atrial fibrillation (AF) have proven the
procedure’s efficacy. Studies assessing its empirical cost-effectiveness outside randomized trial settings are lacking. We aimed
to evaluate the effectiveness and cost-effectiveness of PVI versus medical therapy for AF.

Methods: We followed a target trial approach using the Swiss-AF cohort, a prospective observational cohort study that
enrolled patients with AF between 2014 and 2017. Resource utilization and cost information were collected through
claims data. Quality of life was measured with EQ-5D-3L utilities. We estimated incremental cost-effectiveness ratios
(ICERs) from the perspective of the Swiss statutory health insurance system.

Results: Patients undergoing PVI compared with medical therapy had a 5-year overall survival advantage with a hazard ratio
of 0.75 (95% CI 0.46-1.21; P = .69) and a 19.8% SD improvement in quality of life (95% CI 15.5-22.9; P, .001), at an incremental
cost of 29 604 Swiss francs (CHF) (95% CI 16 354-42 855; P , .001). The estimated ICER was CHF 158 612 per quality-adjusted
life-year (QALY) gained within a 5-year time horizon. Assuming similar health effects and costs over 5 additional years
changed the ICER to CHF 82 195 per QALY gained. Results were robust to the sensitivity analyses performed.

Conclusions: Our results show that PVI might be a cost-effective intervention within the Swiss healthcare context in a 10-year
time horizon, but unlikely to be so at 5 years, if a willingness-to-pay threshold of CHF 100 000 per QALY gained is assumed.
Given data availability, we find target trial designs are a valuable tool for assessing the cost-effectiveness of healthcare
interventions outside of randomized controlled trial settings.
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Introduction

Catheter ablation based on pulmonary vein isolation (PVI) is a
key intervention to achieve rhythm control in patients with atrial
fibrillation (AF). The use of PVI as a procedure has grown expo-
nentially over the past 2 decades.1,2 High-quality evidence
regarding its impacts on health outcomes has recently been
established thanks to the proliferation of randomized controlled
trials (RCTs).3-6 There is RCT evidence regarding the effects of PVI
on all-cause mortality,7 cardiac hospitalization rates,8 quality of
life,5 and cost-effectiveness.9

Nevertheless, high-quality evidence regarding the real-world
effectiveness and health economic outcomes of PVI is scarce.
Most published cost-effectiveness results stem directly from either
RCTs9 or modeling studies, and the use of real-world data is
currently limited to complementing trial-based or modeling-based
15/Copyright ª 2023, International Society for Pharmacoeconomics and Ou
he CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0
economic evaluations. Moreover, trials such as the CABANA study
excluded patients who had already undergone ablation before
enrollment or patients younger than 65 years with a lone AF
diagnosis. Hence, there is a need for observational studies aiming to
identify the real-world, empirical health effects and costs of PVI
outside of modeling studies and trial-eligible populations.

In the present study, we aimed to approximate the incremental
cost-effectiveness ratio (ICER) of PVI compared with medical
therapy by combining clinical data from the Swiss-AF prospective
observational cohort study, health insurance claims, and health-
related quality of life (HRQoL) information. To do so, we use a
novel methodological approach, the target trial emulation11 to
approximate the causal effect of PVI on the previously described
outcomes and combine them into comparative cost-effectiveness
results. The target trial approach addresses common biases that
arise in traditional observational studies when trying to establish
tcomes Research, Inc. Published by Elsevier Inc. This is an open access article
/).
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causal estimates.12 The approach consists of analyzing an obser-
vational study as if it was a trial, explicitly stating the treatment
assignment strategy, patient eligibility, and the assumptions that
lead to the identification of the effects. It has been applied in a
wide range of applications in medical research, ranging from the
effects of statins on cancer incidence13 to the comparative effec-
tiveness of COVID-19 vaccines.14
Methods

Patient Population and Data Sources

This project uses data from an ongoing, multicentric prospec-
tive observational cohort study of patients with AF in Switzerland,
Swiss-AF.15-17 Swiss-AF enrolled 2415 patients between April 2014
and August 2017. The present analysis used a 2014-2021 data cut.
Additional economic data were obtained through statutory health
insurance claims data, available for a subset of 1013 (43%) of the
study population and covering all inpatient, outpatient, pharma-
ceutical, and other reimbursed expenses. The Swiss statutory
Table 1. Specification and emulation of the target trial of PVI versus

Component Target trial

Aim To estimate the incremental cost-effectiv
medical therapy over a 5-year time horiz

Eligibility Swiss-AF eligibility criteria. Eligible patien
years old and have paroxysmal AF defin
terminating AF lasting , 7 days that doe
cardioversion and that was documented
within the last 60 months; persistent AF
sustained $7 days and/or requiring card
documented within the last 60 months b
monitoring devices; or permanent AF (ca
failed or not been attempted).

Treatment strategies
(arms)

1. PVI at baseline and repeated ablation
necessary

2. Medical therapy at baseline
Patients receive usual care after the inte

Treatment assignment Patients are randomly assigned to either

Follow-up Follow-up starts at treatment assignmen
last follow-up or December 31, 2020, wh
first.

Outcome 1. LY
2. QALY
3. Cost
4. ICER

Causal contrast Intention-to-treat effect, ie, the effect of
PVI vs control at baseline; per-protocol e
of receiving PVI vs control at baseline

Statistical analysis Intention-to-treat analysis; per-protocol a
comparison of 5-year all-cause mortality,
cost between groups receiving each trea
with adjustment for baseline covariates
covariates when adjusting for loss to foll

AF indicates atrial fibrillation; ECG, electrocardiogram; ICER, incremental cost-effect
pulmonary vein isolation; QALY, quality-adjusted life-year.
health insurance is compulsory for all residents, with a compre-
hensive benefits package.

The study was approved by the ethics committee of Northwest
and Central Switzerland (2014-067, PB_2016-00793). Participants
gave a written informed consent to participate in the study before
taking part.

Outcomes

The primary outcome of the present analysis is the 5-year
empirical ICER for PVI versus medical therapy, measured as the
ratio of incremental costs and incremental quality-adjusted life-
years (QALYs).

Secondary outcomes include incremental life-years (LYs),
measured as the difference in area between the overall survival
curves of PVI and medical therapy, plus the components of the
primary outcome. Namely, incremental QALYs were determined as
the HRQoL-weighted difference in area between the overall sur-
vival curves of PVI and medical therapy, where HRQoL was
measured as utilities derived from the EQ-5D-3L questionnaire.
Incremental direct medical costs were assessed from the
medical therapy.
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Swiss-AF data
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IPTW.
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Table 2. Baseline characteristics of patients with and without
PVI.

Before IPTW

Medical
therapy

PVI

n 2134 247

Demographics and behavioral

Age, mean (SD) 73.94 (8.16) 66.94 (8.02)

Sex male (%) 1547 (72.5) 182 (73.7)

Smoking (%)
Former 1056 (49.5) 107 (43.3)
Active 150 (7.0) 21 (8.5)
Never 928 (43.5) 119 (48.2)

Alcohol consumption,* mean (SD) 1.05 (1.47) 1.22 (1.74)

BMI, mean (SD) 27.64 (4.78) 28.01 (4.81)

Education level (%)
Advanced 798 (37.4) 118 (47.8)
Basic 255 (11.9) 25 (10.1)
Middle 1081 (50.7) 104 (42.1)

Baseline disease and comorbidities

AF type (%)
Paroxysmal 927 (43.4) 141 (57.1)
Permanent 576 (27.0) 11 (4.5)
Persistent 631 (29.6) 95 (38.5)

AF symptoms (%) 1270 (59.5) 203 (82.2)

Years since diagnosis, mean (SD) 6.29 (7.89) 5.03 (4.98)

CHA2DS2-VASc, mean (SD) 3.60 (1.69) 2.38 (1.38)

Stroke (%) 449 (21.0) 25 (10.1)

Heart failure (%) 577 (27.0) 38 (15.4)

Diabetes (%) 391 (18.3) 23 (9.3)

Baseline treatments

Previous PVI (%) 372 (17.4) 107 (43.3)

NOACs (%) 1038 (48.6) 176 (71.3)

Antidepressants (%) 138 (6.5) 9 (3.6)

Aspirin (%) 367 (17.2) 29 (11.7)

Statins (%) 367 (17.2) 29 (11.7)

Diuretics (%) 1038 (48.6) 74 (30.0)

Beta-blockers (%) 1492 (69.9) 180 (72.9)

Digoxin (%) 102 (4.8) 6 (2.4)

Implanted device (%)
CRT, n (%) 28 (1.3) 1 (0.4)
CRT-ICD, n (%) 42 (2.0) 3 (1.2)
ICD, n (%) 68 (3.2) 6 (2.4)
Loop recorder, n (%) 16 (0.7) 8 (3.2)
None, n (%) 1681 (78.8) 224 (90.7)
Pacemaker, n (%) 299 (14.0) 5 (2.0)

Electroconversion, n (%) 727 (34.1) 118 (47.8)

AF indicates atrial fibrillation; BMI, bodymass index; CRT, cardiac resynchronization
therapy; CRT-ICD, cardiac resynchronization therapy with implantable cardioverter-
defibrillator; ICD, implantable cardioverter-defibrillator; IPTW, inverse probability
treatment weighting; NOAC, nonvitamin K antagonist oral anticoagulant; PVI,
pulmonary vein isolation.
*Measured as weekly standardized units.
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perspective of the Swiss statutory health insurance system, a
universal coverage health system. All outcomes were primarily
assessed for a 5-year follow-up period and discounted at a 3%
yearly rate for both costs and health effects.18 To assess longer-
term economic effects, we assumed a similar rate of health ef-
fects and costs for up to 10 years after the intervention to estimate
the ICER for a 10-year period.

Target Trial, Statistical Analysis, and Economic Modeling

Our analytic approach combines elements from a trial-based
economic evaluation19 and a target trial study design11 applied
to the Swiss-AF cohort. A target trial is an attempt to emulate a
randomized experiment that would answer a causal question of
interest.20 In our case, we aimed to assess the comparative cost-
effectiveness of PVI versus medical therapy (defined as standard
rhythm or rate control drugs, guided by European clinical guide-
lines as used in Swiss clinical practice).21 We explicitly emulated a
target RCT comparing PVI with medical therapy for AF to empir-
ically estimate the effects of interest in our outcomes. The protocol
of the target trial is specified in Table 1.

To successfully emulate the target trial specified in Table 1, we
required an adequate definition of time zero of follow-up in the
data. We defined time zero as the time when an eligible individual
initiated a treatment strategy. For patients with PVI, the inter-
vention date was thus used, and for medical therapy patients (as
defined in Appendix Table 1 in Supplemental Materials found at
https://doi.org/10.1016/j.jval.2023.08.008), the time point they
met the eligibility criteria for inclusion in the trial. Patients were
not censored if they required a repeated PVI procedure for any
outcome.

To emulate the random assignment, we assumed that the
treatment strategy initiation was as good as randomly distributed
in the Swiss-AF cohort, conditional on a set of potential con-
founders (specified in Table 2).12 We use these potential con-
founders to create inverse probability treatment weights (IPTWs)
by fitting a logistic regression model with PVI treatment as the
dependent variable. To model the per-protocol all-cause survival
effect of PVI, we estimated a Cox regression weighted with the
IPTW. Then, a natural spline of survival was integrated for both
treatment arms over the follow-up horizon.

For quality of life, we estimated a longitudinal linear regression
model weighted with the IPTW, while including baseline utilities,
over the 5-year follow-up period, with the coefficients of interest
representing the difference in utilities, calculated from the EQ-5D-
3L questionnaire answers in each year; utilities were estimated
using the German EQ-5D-3L valuation algorithm.22 Because utility
information was only available at planned study visits, we
assumed that the utility in dates between visits followed a linear
relationship between the 2 closest visits, before and after. Patients
were censored if they had missing HRQoL information despite
being alive, and those who died during the follow-up were
censored to avoid double counting of survival effects. Finally, the
difference in survival and between utilities was combined to es-
timate the QALYs in each year, with yearly discounting at a base-
line rate of 3%.

We estimated a longitudinal regression model weighted with
the IPTW over the 5-year follow-up period for costs. The co-
efficients of interest represent the yearly total cost differences
between treatment arms. The difference estimate for each year
was also discounted with a baseline rate of 3% per year. Because
costs were available on a daily basis, there were no additional
assumptions required regarding costs and time 0. Given that the
study’s temporal window fell in a period of very low inflation in
Switzerland, we used all costs as reported, without adjustment for
inflation. For reference, the mean Swiss franc (CHF) to US dollar
exchange rate for the study period was 1.042. Inverse probability
weighting was also used to adjust for differential censoring across

https://doi.org/10.1016/j.jval.2023.08.008


Table 3. Average health-related quality of life and cost evolution.

A)
Time (year)

Utility
(German

set)

95% CI Utility
(European

set)

95% CI Utility
(French
set)

95% CI

Baseline 0.90 0.89 0.90 0.83 0.82 0.83 0.84 0.84 0.85

1 0.90 0.89 0.90 0.83 0.82 0.84 0.85 0.84 0.86

2 0.90 0.89 0.91 0.83 0.83 0.84 0.85 0.84 0.86

3 0.90 0.89 0.91 0.83 0.82 0.84 0.85 0.84 0.86

4 0.90 0.89 0.91 0.83 0.82 0.84 0.85 0.83 0.86

5 0.89 0.88 0.91 0.83 0.82 0.85 0.85 0.83 0.87

B)
Time (year)

Total
costs*

95% CI Outpatient
costs*

95% CI Inpatient
costs*

95% CI

1 19 780 17 799 21 761 8311 7625 8998 11 469 9763 13 174

2 19 514 17 730 21 298 8677 7993 9361 10 837 9384 12 289

3 18 185 16 394 19 976 8992 8257 9727 9193 7783 10 602

4 19 122 17 174 21 070 9717 8829 10 605 9405 7900 10 910

5 16 276 14 409 18 144 8427 7607 9247 7850 6431 9268

Note. Panel A presents the utilities and B presents the costs. Utilities are based on the EQ-5D-3L quality of life questionnaire combined with the German, European, and
French value sets.
*Expressed in Swiss francs (2022).
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all analyses. To obtain the ICERs in terms of cost per QALY gained,
we divided the incremental cost estimates by the incremental
quality-adjusted survival estimates. The resulting estimates reflect
an average treatment effect,23 because of the creation of a pseudo-
population through IPTW that measures the effect of PVI versus
medical therapy that would have occurred if all patients in the
sample had received PVI.

Because all parameters in our economic analysis were empiri-
cally estimated from the available patient-level data, uncertainty
was characterized in the form of nonparametric bootstrapping with
1000 random draws with replacement. The estimates were used to
assess uncertainty for the mean incremental costs and effects and
to summarize the uncertainty surrounding the ICERs. To further
illustrate this uncertainty, cost-effectiveness acceptability curves
were derived using the bootstrapped estimates of incremental costs
and effects. Cost-effectiveness acceptability curves demonstrate the
probability of an intervention being cost-effective at different ceil-
ing ratios of decision-makers’willingness to pay per QALYgained. In
the absence of an explicit Swiss willingness to pay, we assumed CHF
100 000 per QALY to be cost-effective.24

We performed several sensitivity analyses, namely (1) the use of
propensity score matching on the PVI-treated patients to compute
average treatment effects on the treated, meaning the effect on
those that received PVI, (2) varying the utility estimates by using
the French and European EQ-5D-3L value sets instead of the
German one,25,26 and (3) using only the subset of the population for
which claims data were available, to estimate the whole model.

Our preferred empirical approach is limited to the follow-up of
patients in the database and hence only allows to assess the costs
and health effects during the first 5 years after the intervention. To
estimate longer-term economic effects and to extend the basis for
comparison with the RCT-based CABANA cost-effectiveness anal-
ysis, we assumed and modeled a similar rate of health effects and
costs up to 10 years after the intervention.

Finally, we also compared the estimates of our analytic
approach, target trial emulation, with those obtained with a
standard observational approach not following the target trial
protocol. This naive approach, still using IPTW weighting but
ignoring immortal time bias, reflects the results that would have
been obtained if treatment assignment had happened after the
start of follow-up. We also compared our results with those from a
previously published economic evaluation of the CABANA ran-
domized trial of PVI versus medical therapy.9 Our choice of
anchoring trial is motivated by the trial design.27 More specifically,
CABANA was the largest international trial in the field to date,
including approximately 1100 patients per treatment arm
comparing PVI with medical therapy and including all endpoints
relevant to a comprehensive economic evaluation, that is, mor-
tality, HRQoL, and costs.

All analyses were performed in R version 4.1.2, R Foundation
for Statistical Computing, Vienna, Austria., the project complies
with the Consolidated Health Economic Evaluation Reporting
Standards reporting guidelines,28 and the checklist is available as a
supplementary document. The code can be accessed via a
collaborative agreement on GitHub.

Results

Study Population

A total of 2381 patients who met the eligibility criteria were
included in our analytic sample; 247 patients (10.4%) underwent
at least one PVI procedure. Patients undergoing PVI were relatively
younger and healthier, albeit with a higher degree of AF-specific
symptoms. Their characteristics are presented in Table 2.

Before weighing, there were notable differences in almost all
baseline characteristics. After weighting, these differences were
attenuated (Appendix Figs. 1 and 2 in Supplemental Materials found
at https://doi.org/10.1016/j.jval.2023.08.008). A total of 1013 pa-
tients had available claims data. Both patients with and without
claims data were comparable (Appendix Table 2 in Supplemental
Materials found at https://doi.org/10.1016/j.jval.2023.08.008).

The evolution of EQ-5D-based utilities for the European,
German, and French utility sets, alongside the distribution of

https://github.com/Miquel-Serra/AF_PVI_TT_CEA
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Figure 1. Overall survival, quality of life, and cost estimates. (A)
The all-cause survival model estimates. (B) The QoL model
estimates. (C) The costs model estimates.

CHF indicates Swiss francs; PVI, pulmonary vein isolation; QoL, quality of life.
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outpatient, inpatient, and total costs over the follow-up period, is
presented in Table 3.

Target Trial and Cost-Effectiveness Results

Our primary estimates indicate that patients undergoing PVI
had an overall 5-year relative survival advantage of approximately
23% (hazard ratio 0.77; 95% CI 0.46-1.21) (Fig. 1A). With dis-
counting, this led to an increment of 0.11 LYs. Patients with PVI
accrued 4.22 LYs and medical therapy patients accrued 4.11.

In terms of HRQoL, PVI was associated with an average overall
improvement of 19.8% (95% CI 12.31-27.29) of a SD in utility, or
0.033 (95% CI 0.028-0.039) points on a 0 to 1 utility scale, where
0 represents death and 1 perfect health. Annual estimates showed
the effect to be relatively constant across the observation period,
albeit slightly increasing over time, with only a crease in the fifth
year after the intervention (Fig. 1B). With discounting, this
translated into 0.187 QALYs gained over the 5-year observation
period in the patients undergoing PVI versus medical therapy
(Appendix Fig. 3 in Supplemental Materials found at https://doi.
org/10.1016/j.jval.2023.08.008). Patients with PVI accrued 3.90
QALYs and medical therapy patients accrued 3.71.

Incremental costs, cumulated over 5 years and discounted,
were CHF 29 604 (95% CI 16 354-42 855) (Fig. 1C). Patients un-
dergoing PVI experienced a substantial cost increase over the first
year after the intervention, with the estimates decreasing
continuously up to the point of becoming negative in the fourth
and fifth years of follow-up. Absolute 5-year costs amounted to
CHF 97 197 for the patients with PVI and CHF 67 593 for the
medical therapy patients.

The resulting base case ICER amounted to CHF 158 612 per
QALY gained, discounted by 3% per year over the 5-year time
horizon (Fig. 2B). The corresponding cost per LY gained was CHF
169 247.

Assuming the same average health effects and incremental
costs over a 5-year additional time period, implying an overall
time horizon of 10 years, reduced the ICER to CHF 82 195 per QALY
gained and CHF 84 206 per LY gained (Appendix Fig. 4 in
Supplemental Materials found at https://doi.org/10.1016/j.jval.2
023.08.008).

Impact of Target Trial Approach and Comparison With
Anchoring Trial

The differences in estimated health effects and costs between
the target trial emulation and a standard observational approach
were substantial. The latter estimated the 5-year survival benefit
with a hazard ratio of 0.36 versus 0.77, the average 5-year HRQoL
effect with an improvement of 3.5% versus 19.8% of a SD, and the
5-year incremental cost increase with CHF 7700 versus CHF 29
600 (Appendix Figs. 5 and 6 in Supplemental Materials found at
https://doi.org/10.1016/j.jval.2023.08.008). In contrast, our main,
target trial emulation-based estimates are comparable with those
obtained in the within-trial cost-effectiveness analysis of the
CABANA trial, with almost equal HRQoL effects albeit a smaller
survival benefit (Table 4).9 Although performed for the United
States, the CABANA-based analysis also yielded 5-year and 10-year
cost differences in a similar range and comparable ICER results.

Sensitivity Analyses

We found no substantial differences in estimated results be-
tween our preferred specification and using a propensity score
matching approach (Appendix Fig. 7 in Supplemental Materials
found at https://doi.org/10.1016/j.jval.2023.08.008). Notably, the
latter achieved an even better covariate balance (Appendix Fig. 8
in Supplemental Materials found at https://doi.org/10.1016/j.
jval.2023.08.008). Our HRQoL estimates did not vary substan-
tially when calculating utilities using the French or European
value set (Appendix Fig. 9 in Supplemental Materials found at
https://doi.org/10.1016/j.jval.2023.08.008). When using only pa-
tients with claims data available, our results were not substan-
tially impacted for the calculation of survival, HRQoL, cost, and
ICER (Appendix Table 2 and Appendix Fig. 10 in Supplemental
Materials found at https://doi.org/10.1016/j.jval.2023.08.008).
Discussion

To the best of our knowledge, this is one of the first studies to
combine trial-based economic evaluation elements with a target
trial approach. Each parameter in the economic model stems from
an approximated causal relationship of PVI versus medical ther-
apy, which was intended to be identified through the specified

https://doi.org/10.1016/j.jval.2023.08.008
https://doi.org/10.1016/j.jval.2023.08.008
https://doi.org/10.1016/j.jval.2023.08.008
https://doi.org/10.1016/j.jval.2023.08.008
https://doi.org/10.1016/j.jval.2023.08.008
https://doi.org/10.1016/j.jval.2023.08.008
https://doi.org/10.1016/j.jval.2023.08.008
https://doi.org/10.1016/j.jval.2023.08.008
https://doi.org/10.1016/j.jval.2023.08.008
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Figure 2. Probabilistic sensitivity analyses results. (A) The scatter plot of the 1000 bootstrap simulations of incremental LYs and
incremental cost (upper) and its corresponding cost-effectiveness acceptability curve (lower). (B) The scatter plot of the 1000 bootstrap
simulations of incremental QALYs and incremental cost (upper) and its corresponding cost-effectiveness acceptability curve (lower).
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Table 4. Comparison of 5-year estimates of survival, QoL, and cost, among the target trial approach (current study), CABANA trial
estimates, and standard analysis estimates.

Source Overall survival

HR 95% CI

Target trial 0.77 0.46 1.21

CABANA results* 0.68 0.47 0.99

Standard analysis 0.36 0.14 0.89

QoL

QoL (% SD) 95% CI

Target trial 19.81 12.31 27.29

CABANA results* 20.02 12.38 28.44

Standard analysis 3.51 20.12 0.19

Cost

Cost 95% CI

Target trial CHF 29 604 CHF 16 354 CHF 48 855

CABANA results* USD 19 245 USD 11 360 USD 27 170

Standard analysis CHF 7785 CHF 25061 CHF 20 779

5-year empirical ICER†

ICER

Target trial CHF 158 612/QALY

CABANA results* USD 165 991/QALY

Standard analysis CHF 40 974/QALY

10-year modeled ICER†

ICER

Target trial CHF 82 195/QALY

CABANA results* USD 85 117/QALY

Standard analysis CHF 21 233/QALY

Note. EQ-5D-3L; results are presented as % of a SD in the outcome. During the study period, the exchange rate of USD to CHF was 0.93. The inverse probability treatment
weighting in both the standard analysis and the target trial approaches included the following baseline parameters: age, sex, smoking status, alcohol consumption, body
mass index, education level, type of atrial fibrillation, years since diagnosis, CHA2DS2-VASc, history of stroke, heart failure, diabetes, pulmonary vein isolation, device
implantation, electroconversion, nonvitamin K antagonist oral anticoagulant use, antidepressant use, aspirin use, statin use, diuretics use, beta-blocker use, digoxin
use, and EQ-5D-3L QoL.
CHF indicates Swiss franc; HR, hazard ratio; ICER, incremental cost-effectiveness ratio; QoL, quality of life; USD, US dollar.
*Based on Chew et al9 (Table 4).
†The ICER estimates do not include confidence intervals because of being unable to obtain those from the CABANA trial.
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target trial protocol and explicit assumptions. Our study assessed
the economic and clinical effects of PVI versus medical therapy in
an observational cohort of patients with AF. Clinically significant
effects on overall survival and quality of life were estimated using
a target trial emulation approach. Economically significant cost
impacts were estimated using the same approach. Overall, our
results suggest that PVI is unlikely to be cost-effective within a 5-
year time horizon, but likely to be so when a 10-year time horizon
is considered.

Our estimates are consistent with those previously reported
from RCTs, albeit with slightly smaller health effects at a slightly
higher cost, likely reflecting a wider spectrum of patients with AF
in our real-world cohort, given more restricted eligibility for
clinical trials.7 Our 5-year incremental cost estimate of approxi-
mately CHF 30 000 compares with an approximate cost of a PVI
procedure of CHF 25 000 in terms of diagnostic-related groups
reimbursement.

The study period comprises a time horizon in which there
were no major changes in the pharmacological management of
patients with AF.29 Only the introduction of edoxaban in 2015
presents a major change. Hence, our estimates are likely to be
generalizable to other settings and the management of patients in
the standard medical therapy group is an updated representation
of the current standard of care.

Compared with not using the proposed framework, our esti-
mates of an empirical economic evaluation make it seem likely
that traditional estimates overestimate the cost-effectiveness of
PVI, because of conditioning on post-treatment variables13 and
confounding on a set of economic results.12

The strengths of our study relate to the high-quality data
sources used (including quality of life and detailed resource uti-
lization) and the analytic approach in the explicit emulation of a
hypothetical trial. The estimates from the battery of sensitivity
analyses are also in line with the interpretation of our primary
modeling approach and add to the credibility of our results.

Our cost-effectiveness study is not without limitations; first, our
estimated effects could have unobserved confounding that we
could not account for with our current clinical data availability.
Second, although our study had enough precision in identifying
effects on quality of life and cost, there was substantial uncertainty
around the all-cause survival point estimate to confirm a benefit
because of the limited number of events. Third, given that PVI may
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affect long-term HRQoL and length of life, a lifetime horizon would
principally be appropriate. Our purely empirical results are only
valid within a 5-year follow-up window for which data were
available. Our ICER estimate for the 10-year time horizon is based
on a sensitivity analysis extrapolating beyond the time period we
had empirical data for. Nevertheless, it is supported by the obser-
vation of a very similar ICER change between 5 and 10 years as
reported in the cost-effectiveness analysis of the CABANA trial (see
Table 4).9 Extension to a lifetime horizon using additional modeling
steps might also have yielded similar results. Given our focus on a
novel approach to directly data-based cost-effectiveness analysis,
we did not undertake such further extension. The issue of limited
follow-up times affects most cost-effectiveness analyses directly
based on prospective clinical data collections, including RCTs.
Fourth, our real-world economic estimates might not be general-
izable to a setting outside of Switzerland, and our results warrant
replication in other countries, especially in those with a lower so-
cioeconomic level. Fifth, we have assumed that HRQoL measures
between follow-up visits can be approximated with a linear inter-
polation between time points.

Conclusions

Our economic evaluation of PVI versus medical therapy based
on a target trial approach showed that PVI might be cost-effective
at a cost-utility threshold of CHF 100 000 per QALY gained, as it is
sometimes assumed for Switzerland, over a 10-year time horizon,
but not within a 5-year time horizon. Moreover, this study war-
rants further application of the target trial approach to cost-
effectiveness evaluations.

Author Disclosures

Links to the individual disclosure forms provided by the authors
are available here.

Supplemental Materials

Supplementary data associated with this article can be found in the
online version at https://doi.org/10.1016/j.jval.2023.08.008.

Article and Author Information

Accepted for Publication: August 5, 2023

Published Online: October 16, 2023

doi: https://doi.org/10.1016/j.jval.2023.08.008

Author Affiliations: Epidemiology, Biostatistics, and Prevention
Institute, University of Zurich, Zurich, Switzerland (Serra-Burriel,
Aebersold, Foster-Witassek, Schwenkglenks); Department of Clinical
Research, University of Basel, University Hospital, Basel, Switzerland
(Coslovsky); Cardiovascular Research Institute Basel, University of Basel,
University Hospital, Basel, Switzerland (Coslovsky, Sticherling, Krisai,
Aeschbacher, Paladini, Kühne, Osswald); Department of General Internal
Medicine, Inselspital, Bern University Hospital, University of Bern, Bern,
Switzerland (Rodondi, Blum); Institute of Primary Health Care (BIHAM),
University of Bern, Bern, Switzerland (Rodondi, Blum); Department of
Cardiology, University Hospital Basel, University of Basel, Basel,
Switzerland (Sticherling, Krisai, Aeschbacher, Paladini, Kühne, Osswald);
Department of Medicine, University Hospital Basel, University of Basel,
Basel, Switzerland (Sticherling, Krisai, Aeschbacher, Paladini, Kühne,
Osswald); Division of Cardiology, Ente Ospedaliero Cantonale, Regional
Hospital of Lugano, Lugano, Switzerland (Moschovitis); Department of
Medicine, Cantonal Hospital of Baden and Molecular Cardiology,
University Hospital of Zürich, Zurich, Switzerland (Beer); Department of
Cardiology, Inselspital, Bern University Hospital, University of Bern, Bern,
Switzerland (Reichlin); Population Health Research Institute, McMaster
University, Hamilton, Canada (Conen); Department of Business and
Economics, University of Basel, Basel, Switzerland (Felder); Health
Economics Facility, Department of Public Health, University of Basel,
Basel, Switzerland (Schwenkglenks).

Correspondence: Miquel Serra-Burriel, PhD, Epidemiology, Biostatistics,
and Prevention Institute, University of Zurich, Hirsengraben 84, Zurich
8001, Switzerland. Email: miquel.serraburriel@uzh.ch

Author Contributions: Concept and design: Serra-Burriel, Aebersold,
Foster-Witassek, Reichlin, Krisai, Schwenkglenks
Acquisition of data: Foster-Witassek, Coslovsky, Rodondi, Blum,
Sticherling, Moschovitis, Beer, Reichlin, Krisai, Aeschbacher, Paladini,
Kühne, Osswald, Conen, Schwenkglenks
Analysis and interpretation of data: Serra-Burriel, Aebersold,
Foster-Witassek, Coslovsky, Rodondi, Blum, Sticherling, Reichlin, Conen,
Felder, Schwenkglenks
Drafting of the article: Serra-Burriel, Aebersold, Rodondi, Blum,
Sticherling, Schwenkglenks
Critical revision of the article for important intellectual content:
Serra-Burriel, Aebersold, Foster-Witassek, Coslovsky, Rodondi, Blum,
Sticherling, Moschovitis, Beer, Reichlin, Krisai, Aeschbacher, Paladini,
Kühne, Osswald, Conen, Felder, Schwenkglenks
Provision of study materials or patients: Rodondi, Blum, Sticherling,
Moschovitis, Beer, Reichlin, Krisai, Aeschbacher, Paladini, Kühne,
Osswald, Conen
Obtaining funding: Reichlin, Osswald, Conen, Schwenkglenks
Administrative, technical, or logistic support: Aebersold, Aeschbacher,
Paladini
Supervision: Serra-Burriel, Conen, Felder, Schwenkglenks

Funding/Support: This work is supported by grants from the Swiss
National Science Foundation (grant numbers 105318_189195/1,
33CS30_148474, 33CS30_177520, 32473B_176178, and 32003B_197524),
the Swiss Heart Foundation, the Foundation for Cardiovascular Research
Basel, and the University of Basel.

Role of the Funder/Sponsor: The funders had no role in the design and
conduct of the study; collection, management, analysis, and
interpretation of the data; preparation, review, or approval of the article;
and decision to submit the article for publication.
REFERENCES

1. Kumar S, Walters TE, Halloran K, et al. Ten-year trends in the use of catheter
ablation for treatment of atrial fibrillation vs. the use of coronary interven-
tion for the treatment of ischaemic heart disease in Australia. Europace.
2013;15(12):1702–1709.

2. Cappato R, Ali H. Surveys and registries on catheter ablation of atrial fibril-
lation: fifteen years of history. Circ Arrhythm Electrophysiol.
2021;14(1):E008073.

3. Andrade JG, Wells GA, Deyell MW, et al. Cryoablation or drug therapy for
initial treatment of atrial fibrillation. N Engl J Med. 2021;384(4):305–315.

4. Kirchhof P, Camm AJ, Goette A, et al. Early rhythm-control therapy in patients
with atrial fibrillation. N Engl J Med. 2020;383(14):1305–1316.

5. Mark DB, Anstrom KJ, Sheng S, et al. Effect of catheter ablation vs medical
therapy on quality of life among patients with atrial fibrillation: the CABANA
randomized clinical trial. JAMA. 2019;321(13):1275–1285 [published
correction appears in JAMA. 2019;321(23):2370].

6. Packer DL, Mark DB, Robb RA, et al. Effect of catheter ablation vs antiar-
rhythmic drug therapy on mortality, stroke, bleeding, and cardiac arrest
among patients with atrial fibrillation: the CABANA randomized clinical trial.
JAMA. 2019;321(13):1261–1274.

7. Ravi V, Poudyal A, Lin L, et al. Mortality benefit of catheter ablation versus
medical therapy in atrial fibrillation: an RCT only meta-analysis. J Cardiovasc
Electrophysiol. 2022;33(2):178–193.

8. Turagam MK, Garg J, Whang W, et al. Catheter ablation of atrial fibrillation in
patients with heart failure: a meta-analysis of randomized controlled trials.
Ann Intern Med. 2019;170(1):41–50 [published correction appears in Ann
Intern Med. 2019;170(9):668-669].

9. Chew DS, Li Y, Cowper PA, et al. Cost-effectiveness of catheter ablation versus
antiarrhythmic drug therapy in atrial fibrillation: the CABANA randomized
clinical trial. Circulation. 2022;146(7):535–547.

10. Leung LWM, Imhoff RJ, Marshall HJ, et al. Cost-effectiveness of catheter
ablation versus medical therapy for the treatment of atrial fibrillation in the
United Kingdom. J Cardiovasc Electrophysiol. 2022;33(2):164–175.

https://www.sciencedirect.com/science/article/abs/pii/S1098301523031236#mmc1
https://doi.org/10.1016/j.jval.2023.08.008
http://doi.org/https://doi.org/10.1016/j.jval.2023.08.008
mailto:miquel.serraburriel@uzh.ch
http://refhub.elsevier.com/S1098-3015(23)03123-6/sref1
http://refhub.elsevier.com/S1098-3015(23)03123-6/sref1
http://refhub.elsevier.com/S1098-3015(23)03123-6/sref1
http://refhub.elsevier.com/S1098-3015(23)03123-6/sref1
http://refhub.elsevier.com/S1098-3015(23)03123-6/sref2
http://refhub.elsevier.com/S1098-3015(23)03123-6/sref2
http://refhub.elsevier.com/S1098-3015(23)03123-6/sref2
http://refhub.elsevier.com/S1098-3015(23)03123-6/sref3
http://refhub.elsevier.com/S1098-3015(23)03123-6/sref3
http://refhub.elsevier.com/S1098-3015(23)03123-6/sref4
http://refhub.elsevier.com/S1098-3015(23)03123-6/sref4
http://refhub.elsevier.com/S1098-3015(23)03123-6/sref5
http://refhub.elsevier.com/S1098-3015(23)03123-6/sref5
http://refhub.elsevier.com/S1098-3015(23)03123-6/sref5
http://refhub.elsevier.com/S1098-3015(23)03123-6/sref5
http://refhub.elsevier.com/S1098-3015(23)03123-6/sref6
http://refhub.elsevier.com/S1098-3015(23)03123-6/sref6
http://refhub.elsevier.com/S1098-3015(23)03123-6/sref6
http://refhub.elsevier.com/S1098-3015(23)03123-6/sref6
http://refhub.elsevier.com/S1098-3015(23)03123-6/sref7
http://refhub.elsevier.com/S1098-3015(23)03123-6/sref7
http://refhub.elsevier.com/S1098-3015(23)03123-6/sref7
http://refhub.elsevier.com/S1098-3015(23)03123-6/sref8
http://refhub.elsevier.com/S1098-3015(23)03123-6/sref8
http://refhub.elsevier.com/S1098-3015(23)03123-6/sref8
http://refhub.elsevier.com/S1098-3015(23)03123-6/sref8
http://refhub.elsevier.com/S1098-3015(23)03123-6/sref9
http://refhub.elsevier.com/S1098-3015(23)03123-6/sref9
http://refhub.elsevier.com/S1098-3015(23)03123-6/sref9
http://refhub.elsevier.com/S1098-3015(23)03123-6/sref10
http://refhub.elsevier.com/S1098-3015(23)03123-6/sref10
http://refhub.elsevier.com/S1098-3015(23)03123-6/sref10


ECONOMIC EVALUATION 1729
11. Hernán MA, Robins JM. Using big data to emulate a target trial when a
randomized trial is not available. Am J Epidemiol. 2016;183(8):758–764.

12. Dickerman BA, García-Albéniz X, Logan RW, Denaxas S, Hernán MA. Avoid-
able flaws in observational analyses: an application to statins and cancer. Nat
Med. 2019;25(10):1601–1606.

13. Dickerman BA, García-Albéniz X, Logan RW, Denaxas S, Hernán MA.
Emulating a target trial in case-control designs: an application to statins and
colorectal cancer. Int J Epidemiol. 2020;49(5):1637–1646.

14. Dickerman BA, Gerlovin H, Madenci AL, et al. Comparative effectiveness of
BNT162b2 and mRNA-1273 vaccines in U.S. veterans. N Engl J Med.
2021;386(2):105–115.

15. Aebersold H, Serra-Burriel M, Foster-Wittassek F, et al. Patient clusters and
cost trajectories in the Swiss atrial fibrillation cohort. Heart.
2023;109(10):763–770.

16. Conen D, Rodondi N, Müller A, et al. Relationships of overt and silent brain
lesions with cognitive function in patients with atrial fibrillation. J Am Coll
Cardiol. 2019;73(9):989–999.

17. Conen D, Rodondi N, Müller A, et al. Design of the Swiss Atrial Fibrillation
Cohort Study (Swiss-AF): structural brain damage and cognitive decline
among patients with atrial fibrillation. Swiss Med Wkly. 2017;147:w14467, 27.

18. ISPOR. Switzerland. https://www.ispor.org/heor-resources/more-heor-resources/
pharmacoeconomic-guidelines/pe-guideline-detail/Switzerland. Accessed May
14, 2023.

19. Mutubuki EN, El Alili M, Bosmans JE, et al. The statistical approach in trial-
based economic evaluations matters: get your statistics together. BMC
Health Serv Res. 2021;21(1):475.

20. Labrecque JA, Swanson SA. Target trial emulation: teaching epidemiology and
beyond. Eur J Epidemiol. 2017;32(6):473–475.

21. Hindricks G, Potpara T, Dagres N, et al. 2020 ESC Guidelines for the diagnosis
and management of atrial fibrillation developed in collaboration with the
European Association for Cardio-Thoracic Surgery (EACTS): The Task Force
for the diagnosis and management of atrial fibrillation of the European
Society of Cardiology (ESC) Developed with the special contribution of the
European Heart Rhythm Association (EHRA) of the ESC. Eur Heart J.
2021;42(5):373–498 [published correction appears in Eur Heart J.
2021;42(5):507] [published correction appears in Eur Heart J. 2021;42(5):
546-547] [published correction appears in Eur Heart J. 2021;42(40):4194].

22. Ludwig K, Graf von der Schulenburg JM, Greiner W. German value set for the
EQ-5D-5L. Pharmacoeconomics. 2018;36(6):663–674.

23. Dahabreh IJ, Robertson SE, Tchetgen EJ, Stuart EA, Hernán MA. Generalizing
causal inferences from individuals in randomized trials to all trial-eligible
individuals. Biometrics. 2019;75(2):685–694.

24. Pfeil AM, Reich O, Guerra IM, et al. Cost-effectiveness analysis of sofosbuvir
compared to current standard treatment in Swiss patients with chronic
hepatitis C. PLoS One. 2015;10(5):e0126984.

25. Chevalier J, de Pouvourville G. Valuing EQ-5D using time trade-off in France.
Eur J Health Econ. 2013;14(1):57–66.

26. Greiner W, Weijnen T, Nieuwenhuizen M, et al. A single European currency
for EQ-5D health states: results from a six-country study. Eur J Health Econ.
2003;4(3):222–231.

27. Packer DL, Mark DB, Robb RA, et al. Catheter ablation versus Antiarrhythmic
Drug Therapy for atrial fibrillation (CABANA) Trial: study rationale and
design. Am Heart J. 2018;199:192–199.

28. Husereau D, Drummond M, Augustovski F, et al. Consolidated Health Eco-
nomic Evaluation Reporting Standards 2022 (CHEERS 2022) statement:
updated reporting guidance for health economic evaluations. BMC Med.
2022;20(1):23.

29. January CT, Wann LS, Calkins H, et al. 2019 AHA/ACC/HRS focused update of
the 2014 AHA/ACC/HRS guideline for the management of patients with atrial
fibrillation: a report of the American College of Cardiology/American Heart
Association Task Force on Clinical Practice guidelines and the Heart Rhythm
Society in collaboration with the Society of Thoracic Surgeons. Circulation.
2019;140(2):e125–e151 [published correction appears in Circulation.
2019;140(6):e285].

http://refhub.elsevier.com/S1098-3015(23)03123-6/sref11
http://refhub.elsevier.com/S1098-3015(23)03123-6/sref11
http://refhub.elsevier.com/S1098-3015(23)03123-6/sref12
http://refhub.elsevier.com/S1098-3015(23)03123-6/sref12
http://refhub.elsevier.com/S1098-3015(23)03123-6/sref12
http://refhub.elsevier.com/S1098-3015(23)03123-6/sref13
http://refhub.elsevier.com/S1098-3015(23)03123-6/sref13
http://refhub.elsevier.com/S1098-3015(23)03123-6/sref13
http://refhub.elsevier.com/S1098-3015(23)03123-6/sref14
http://refhub.elsevier.com/S1098-3015(23)03123-6/sref14
http://refhub.elsevier.com/S1098-3015(23)03123-6/sref14
http://refhub.elsevier.com/S1098-3015(23)03123-6/sref15
http://refhub.elsevier.com/S1098-3015(23)03123-6/sref15
http://refhub.elsevier.com/S1098-3015(23)03123-6/sref15
http://refhub.elsevier.com/S1098-3015(23)03123-6/sref16
http://refhub.elsevier.com/S1098-3015(23)03123-6/sref16
http://refhub.elsevier.com/S1098-3015(23)03123-6/sref16
http://refhub.elsevier.com/S1098-3015(23)03123-6/sref17
http://refhub.elsevier.com/S1098-3015(23)03123-6/sref17
http://refhub.elsevier.com/S1098-3015(23)03123-6/sref17
https://www.ispor.org/heor-resources/more-heor-resources/pharmacoeconomic-guidelines/pe-guideline-detail/Switzerland
https://www.ispor.org/heor-resources/more-heor-resources/pharmacoeconomic-guidelines/pe-guideline-detail/Switzerland
http://refhub.elsevier.com/S1098-3015(23)03123-6/sref19
http://refhub.elsevier.com/S1098-3015(23)03123-6/sref19
http://refhub.elsevier.com/S1098-3015(23)03123-6/sref19
http://refhub.elsevier.com/S1098-3015(23)03123-6/sref20
http://refhub.elsevier.com/S1098-3015(23)03123-6/sref20
http://refhub.elsevier.com/S1098-3015(23)03123-6/sref21
http://refhub.elsevier.com/S1098-3015(23)03123-6/sref21
http://refhub.elsevier.com/S1098-3015(23)03123-6/sref21
http://refhub.elsevier.com/S1098-3015(23)03123-6/sref21
http://refhub.elsevier.com/S1098-3015(23)03123-6/sref21
http://refhub.elsevier.com/S1098-3015(23)03123-6/sref21
http://refhub.elsevier.com/S1098-3015(23)03123-6/sref21
http://refhub.elsevier.com/S1098-3015(23)03123-6/sref21
http://refhub.elsevier.com/S1098-3015(23)03123-6/sref21
http://refhub.elsevier.com/S1098-3015(23)03123-6/sref22
http://refhub.elsevier.com/S1098-3015(23)03123-6/sref22
http://refhub.elsevier.com/S1098-3015(23)03123-6/sref23
http://refhub.elsevier.com/S1098-3015(23)03123-6/sref23
http://refhub.elsevier.com/S1098-3015(23)03123-6/sref23
http://refhub.elsevier.com/S1098-3015(23)03123-6/sref24
http://refhub.elsevier.com/S1098-3015(23)03123-6/sref24
http://refhub.elsevier.com/S1098-3015(23)03123-6/sref24
http://refhub.elsevier.com/S1098-3015(23)03123-6/sref25
http://refhub.elsevier.com/S1098-3015(23)03123-6/sref25
http://refhub.elsevier.com/S1098-3015(23)03123-6/sref26
http://refhub.elsevier.com/S1098-3015(23)03123-6/sref26
http://refhub.elsevier.com/S1098-3015(23)03123-6/sref26
http://refhub.elsevier.com/S1098-3015(23)03123-6/sref27
http://refhub.elsevier.com/S1098-3015(23)03123-6/sref27
http://refhub.elsevier.com/S1098-3015(23)03123-6/sref27
http://refhub.elsevier.com/S1098-3015(23)03123-6/sref28
http://refhub.elsevier.com/S1098-3015(23)03123-6/sref28
http://refhub.elsevier.com/S1098-3015(23)03123-6/sref28
http://refhub.elsevier.com/S1098-3015(23)03123-6/sref28
http://refhub.elsevier.com/S1098-3015(23)03123-6/sref29
http://refhub.elsevier.com/S1098-3015(23)03123-6/sref29
http://refhub.elsevier.com/S1098-3015(23)03123-6/sref29
http://refhub.elsevier.com/S1098-3015(23)03123-6/sref29
http://refhub.elsevier.com/S1098-3015(23)03123-6/sref29
http://refhub.elsevier.com/S1098-3015(23)03123-6/sref29
http://refhub.elsevier.com/S1098-3015(23)03123-6/sref29

	Real-World Cost-Effectiveness of Pulmonary Vein Isolation for Atrial Fibrillation: A Target Trial Approach
	Introduction
	Methods
	Patient Population and Data Sources
	Outcomes
	Target Trial, Statistical Analysis, and Economic Modeling

	Results
	Study Population
	Target Trial and Cost-Effectiveness Results
	Impact of Target Trial Approach and Comparison With Anchoring Trial
	Sensitivity Analyses

	Discussion
	Conclusions
	Author Disclosures
	References


