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Aims The randomized, controlled EAST-AFNET 4 trial showed that early rhythm control (ERC) reduces the rate of a composite 
primary outcome (cardiovascular death, stroke, or hospitalization for worsening heart failure or acute coronary syndrome) 
by ∼20%. The current study examined the cost-effectiveness of ERC compared to usual care.

Methods 
and results

This within-trial cost-effectiveness analysis was based on data from the German subsample of the EAST-AFNET 4 trial (n =  
1664/2789 patients). Over a 6-year time horizon and from a healthcare payer’s perspective, ERC was compared to usual 
care regarding costs (hospitalization and medication) and effects (time to primary outcome; years survived). Incremental 
cost-effectiveness ratios (ICERs) were calculated. Cost-effectiveness acceptability curves were constructed to visualize un-
certainty. Early rhythm control was associated with higher costs [+€1924, 95% CI (−€399, €4246)], resulting in ICERs of €10  
638 per additional year without a primary outcome and €22 536 per life year gained. The probability of ERC being cost- 
effective compared to usual care was ≥95% or ≥80% at a willingness-to-pay value of ≥€55 000 per additional year without 
a primary outcome or life year gained, respectively.

Conclusion From a German healthcare payer’s perspective, health benefits of ERC may come at reasonable costs as indicated by the 
ICER point estimates. Taking statistical uncertainty into account, cost-effectiveness of ERC is highly probable at a willing-
ness-to-pay value of ≥€55 000 per additional life year or year without a primary outcome. Future studies examining the 
cost-effectiveness of ERC in other countries, subgroups with higher benefit from rhythm control therapy, or cost-effective-
ness of different modes of ERC are warranted.
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Structured Graphical Abstract  

Key Question
Is ERC cost-effective compared to usual care from a healthcare payer perspective?

Key Finding
Compared to usual care, ERC was associated with longer mean time to occurrence of a primary outcome event (cardiovascular death, stroke, or 
hospitalization for worsening heart failure or acute coronary syndrome) or death, but at higher mean costs.

Take Home Message
Taking statistical uncertainty into account, cost-effectiveness of ERC is highly probable at a willingness to pay of ≥€55,000 per additional life year or 
year without a primary outcome.

Notes: ERC, early rhythm control therapy; ICER, incremental cost-effectiveness ratio; primary outcome event = cardiovascular death, stroke, or 
hospitalization for stroke or acute coronary syndrome.

Keywords Early rhythm control • Cost-effectiveness • Atrial fibrillation

Introduction
Atrial fibrillation (AF) is the most common arrhythmia in adults with a 
lifetime risk of one-third in people of European descent.1 The number 
of individuals with AF in the European Union is projected to increase to 
∼18 million by 2060.2 Affected patients are at higher risk for myocardial 
infarction, heart failure events, and death.3,4 Additionally, an important 
proportion of strokes are due to AF.5 Therefore, an increasing preva-
lence of AF leads to an increasing socioeconomic burden. Currently, the 
direct cost of AF for the National Health Service (NHS) in the UK is 
estimated to be between 0.9 and 1.4% of the total NHS expenditure 
and is projected to increase to 1.35–4.27% over the next 20 years.6

The cost of illness in less-centralized healthcare systems is more difficult 
to estimate, but in Germany and Sweden, the average annual cost per 
patient was estimated to be between €5586 and €7241, respectively, in 
2005.7 Hospitalizations are the most important driver of cost in 

What’s new?

• While early rhythm control (ERC) has been shown to be clinically 
effective, its cost-effectiveness has not yet been analysed.

• Based on data from the German subsample (n = 1 664) of the 
EAST-AFNET 4 randomised controlled trial, a cost-effectiveness 
analysis was conducted using time to first occurrence of a primary 
outcome event (cardiovascular death, stroke, or hospitalization for 
worsening heart failure or acute coronary syndrome) and time to 
death as effect measures.

• Compared to usual care, ERC was associated with longer mean time 
to occurrence of a primary outcome event or death, but at higher 
mean costs. Taking statistical uncertainty into account, cost- 
effectiveness of ERC is highly probable at a willingness-to-pay value 
of ≥€55 000 per additional life year (80%) or per year without a pri-
mary outcome event (95%).
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patients with AF,8,9 which increased exponentially between 2000 and 
2010.10 Similarly, adverse events such as strokes are associated with 
high costs for treatment and long-term care.11

The current treatment domains in patients comprise anticoagulation, 
rate and rhythm control, and therapy of concomitant conditions.12,13

The Early Treatment of Atrial Fibrillation for Stroke Prevention Trial 
(EAST-AFNET 4) found that systematic early rhythm control (ERC), 
applied directly after randomization, reduces a composite primary out-
come of cardiovascular death, stroke, and hospitalization for worsening 
heart failure or acute coronary syndrome by ∼20% compared with 
usual care.14 The main findings could be replicated in large health 
data sets in the USA15 and in Korea.16 In a cohort of the general popu-
lation in the UK, over 80% of all patients with newly diagnosed AF were 
eligible for ERC when the EAST-AFNET 4 criteria were applied.17

Hence, a large proportion of AF patients could potentially benefit 
from ERC to reduce cardiovascular complications.

Importantly, one concern after the publication of the EAST-AFNET 
4 main study was whether the additional treatment would add a rea-
sonable or undue financial burden to healthcare systems.18 The cost- 
effectiveness of ERC has so far not been evaluated.

The aim of the current study was to examine the cost-effectiveness 
of ERC in the EAST-AFNET 4 trial over a 6-year period from a German 
healthcare payer’s perspective.

Methods
The manuscript of this study was prepared in adherence to the 
Consolidated Health Economic Evaluation Reporting Standards 
(CHEERS) (see Supplementary material online, Table S1).19

Study design and participants
This study was based on data from the EAST-AFNET 4 trial, an international, 
investigator-initiated, parallel-group, randomized, open, blinded-outcome- 
assessment strategy trial (EAST-AFNET 4 ISRCTN: ISRCTN04708680; 
Clinical-Trials.gov: NCT01288352; EudraCT: 2010–021258–20).20

Participants were included if they had early AF (diagnosed ≤12 months before 
enrolment) and (A) were either older than 75 years or had a previous tran-
sient ischemic attack or stroke or (B) had at least two stroke risk factors (>65 
years, female sex, heart failure, hypertension, diabetes mellitus, severe coron-
ary artery disease, chronic kidney disease, and left ventricular hypertrophy). 
Detailed inclusion and exclusion criteria were reported elsewhere.14 A total 
of 2789 participants from 11 European countries were randomized to either 
ERC or usual care (stratified randomization according to the study site) be-
tween July 2011 and December 2016 and followed up until the end of the trial 
(6 March 2020). As shown previously, there were differences in treatment 
patterns in the trial across countries.21 Moreover, different reimbursement 
practices create large variability in treatment cost between countries and de-
scriptive analyses showed differences, e.g. in the average number of nights 
spent in hospital. Therefore, and to ensure a consistent and realistic costing 
approach, the current cost-effectiveness analysis was restricted to data 
from the German study sites (n = 1664, 60% of the overall sample).

Intervention
In the ERC group, antiarrhythmic drugs, or AF ablation, as well as cardiover-
sion were initiated in all patients early after randomization. The usual care 
group received rate control therapy initially following guideline recommen-
dations, with rhythm control therapy restricted to patients with uncon-
trolled AF-related symptoms on adequate rate control therapy.20,21 In 
the total sample (n = 2789), 65% in the ERC group were still receiving 
rhythm control therapy at 2 years. Of these, 75% received antiarrhythmic 
drugs and 25% had been treated with AF ablation. In the usual care group, 
85% were still not receiving rhythm control therapy after 2 years. Among 
the 15% receiving rhythm control therapy, 48% were treated with antiar-
rhythmic drugs and 52% with AF ablation.14 A more detailed description 
of treatment patterns, including the proportion of patients who changed 
from one type of therapy to the other, can be found in Metzner et al.21

Costs and effects
The cost-effectiveness analysis was conducted from a German healthcare 
payer’s perspective and was restricted to hospitalization (the main driver 
of AF-related costs7–9,22) and medication costs given the available trial 
data. Costs were reported in 2021 euros (€), and costs and effects were 
discounted using the recommended discount rate of 3%.23

All hospitalizations were captured as part of the documentation of ser-
ious adverse events (SAEs). Among other information, the type of event, 
the date of admission and discharge, the interventions performed, and 
the outcome were specified for each SAE. Additionally, the duration of hos-
pital stays for catheter ablation for AF was recorded. Hospital stays were 
monetarily valued by assigning diagnosis-related groups (G-DRG catalogue 
2021) based on the initial diagnosis that led to admission into a hospital 
(International Statistical Classification of Diseases and Related Health 
Problems, 10th revision, German modification, ICD-10-GM) and the per-
formed cardiovascular procedures during the hospital stay (German 
Operation and Procedure Classification, OPS).24 Furthermore, hospital 
stays due to events classified as ‘other events’ for which no cardiovascular 
procedure was performed were monetarily valued based on standardized 
unit costs, representing the average costs for a night spent in a hospital, in-
flated to the year 2021 according to the consumer price index.25,26 For ab-
lation visits, the ICD-10 code for AF and the OPS code for catheter ablation 
were assigned. An overview as well as a more detailed description of the 
classification of diagnoses and procedures is provided in Supplementary 
material online, Table S2, and Supplementary material online, Table S3
(see Supplementary material online).

The costs of hospitalization for each participant were derived by calculat-
ing the revenue that each hospital receives for each individual hospital stay 
in the respective DRG, considering the 2021-specific base rate (€3747.98), 
the DRG-specific cost weight, the surcharges for exceeding the defined 
maximum length of stay or the deductions for falling below the minimum 
length of stay, and the daily nursing care revenue.

Medication was assessed at baseline; discharge; 12-month, 24-month, and 
36-month follow-up visits; in the context of a SAE; at unscheduled follow- 
up visits; and at withdrawal. The generic name and the duration of intake 
(date of administration/discontinuation or current use) were documented 
for the following medications: antiarrhythmics, anticoagulants, antithrom-
botic agents, and other drugs administered for AF as well as drugs for car-
diovascular concomitant illnesses (including statins and antidiabetics; only 
chronic treatment). Medication costs were calculated based on the number 
of days of intake (minus the days spent in hospital), the daily defined dose27

and taking into account the package size and price of the respective generic 
drug.28

The time to the occurrence of a primary outcome (death from cardiovas-
cular causes, stroke, or hospitalization with worsening of heart failure or 
acute coronary syndrome) and the time survived in the observation period 
were used as effect measures in the cost-effectiveness analysis.

Statistical analyses
The statistical analysis plan for the EAST-AFNET 4 trial stated that a health 
economic evaluation should be conducted but did not contain details. This 
analysis was conducted considering standard operating procedures of the 
Department of Health Economics and Health Services Research at the 
University Medical Center Hamburg-Eppendorf, developed in accordance 
with international standards in health economic evaluation, and according 
to the approach recommended by Mutubuki et al. that accounts for the 
most common statistical challenges in trial-based economic evaluations 
(e.g. baseline imbalances, skewed costs, correlated costs and effects, and 
missing data).29

The time horizon for the cost-effectiveness analysis was set to 6 years. Due 
to the event-driven trial design and the long recruitment period (>4 years), 
some participants were censored at the end of the study before completing 
e.g. ≥6 years of participation in the study (40.2%, excluding subjects who died 
or withdrew before censoring at the end of the study). However, the 
cost and effect data were available up to the individual time of censoring since 
the information was collected continuously over the observation period. 
Missing data were imputed using multiple imputation by chained equations 
(MICE), where, unless specified otherwise, missing values of each variable 
are predicted by all other variables in the imputation model (fully conditional 
specification).30,31 To generate one imputed data set, several cycles are run to 
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stabilize the results. Predictive mean matching was used as the imputation 
method to ensure that only observed values are imputed, and thus, the 
true distribution is reflected by the imputed values. To use as much informa-
tion as possible until study withdrawal or censoring, cost and effect data were 
imputed in 6-month intervals (e.g. baseline to 6-month follow-up, 6-month 
follow-up to 12-month follow-up, etc.). The percentage of missing values var-
ied between 0% and 54% across different variables and time points. The ERC 
group had a higher withdrawal rate but did not affect the outcome in the main 
analysis.14 Thus, missing data were assumed to be missing at random. In total, 
20 imputed data sets were created and used for the analyses. Results were 
pooled according to Rubin’s Rule.32

Descriptive statistics were calculated for the comparison between ERC 
and usual care for baseline demographic and clinical characteristics and for 
unadjusted costs and effects over the observation period. To account for 
any residual differences between groups despite randomization (especially 
as the analysis was based on the German subsample), adjusted differences in 
mean costs and effects between ERC and usual care were calculated using 
seemingly unrelated regressions.33 In seemingly unrelated regressions, two 

separate regression models are specified simultaneously, thereby account-
ing for the correlation between costs and effects while allowing cost and 
effect differences to be adjusted for different covariates. Candidate covari-
ates were selected from a set of baseline demographic and clinical charac-
teristics (Table 1) and were added to the model if they changed the 
estimated cost or effect difference between groups by more than 5%. 
For each effect measure, the seemingly unrelated regression results were 
used to calculate the incremental cost-effectiveness ratio (ICER) as the ratio 
of the difference in mean costs and the difference in mean effects between 
ERC and usual care. Non-parametric bootstrapping (1000 replications; bias- 
corrected and accelerated bootstrap method) was used to display the un-
certainty around the ICER on the cost-effectiveness plane.34 The cost- 
effectiveness plane consists of a horizontal and a vertical axis, with the inter-
section of the axes representing the comparator (here: usual care) and the 
areas above/below or to the right/left of the axes indicating whether the 
new intervention (here: ERC) is more/less costly or more/less effective 
than the comparator, respectively. When located in the north-eastern 
quadrant, the ICER can be interpreted as the additional costs needed for 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 1 Baseline sociodemographic and clinical characteristics of patients with early atrial fibrillation randomized to ERC therapy and usual 
care. Participants of the EAST-AFNET 4 trial recruited from German study sites (n = 1664)

Early rhythm control (n = 832) Usual care (n = 832)

Age—mean (SE) 70.16 (0.30) 70.87 (0.28)

Female sex—n (%) 393 (47.24) 390 (46.88)

Body mass index—mean (SE) 29.10 (0.18) 29.23 (0.18)

Mean days since atrial fibrillation diagnosis—mean (SE) 64.70 (4.79) 67.71 (6.92)

MoCA score—mean (SE) 25.56 (0.13) 25.57 (0.13)

EQ-5D index—mean (SE) 0.78 (0.01) 0.78 (0.01)

EQ-VAS—mean (SE) 70.30 (0.61) 70.88 (0.63)

CHA2DS2-VASc score—mean (SE) 3.44 (0.05) 3.48 (0.05)

Centre type (D-site)—n (%) 536 (64.42) 532 (63.94)

Previous stroke or transient ischemic attack—n (%) 97 (11.66) 94 (11.30)

Atrial fibrillation symptoms—n (%) 609 (73.24) 599 (71.89)

Arterial hypertension—n (%) 763 (91.71) 748 (89.90)

Diabetes mellitus—n (%) 219 (26.32) 216 (25.96)

Severe coronary artery disease (previous myocardial infarction, CABG or PCI)—n (%) 156 (18.75) 154 (18.51)

Stable heart failure—n (%) 269 (32.33) 278 (33.41)

Left ventricular hypertrophy on echocardiography (>15 mm wall thickness)—n (%) 43 (5.17) 44 (5.29)

Chronic kidney disease of MDRD stage 3 or 4—n (%) 105 (12.62) 107 (12.86)

Peripheral artery disease—n (%) 49 (5.89) 34 (4.09)

Sinus rhythm at baseline—n (%) 439 (52.80) 415 (49.93)

Valvular heart disease—n (%) 357 (42.91) 382 (45.88)

History of syncope—n (%) 46 (5.47) 49 (5.89)

Chronic obstructive lung disease—n (%) 59 (7.13) 72 (8.71)

Malignant diseases (with or without currently active disease manifestation)—n (%) 67 (8.01) 56 (6.73)

First primary outcome events over 72 monthsa—n (%) 210 (25.23) 255 (30.59)

Cardiovascular deaths over 72 monthsa—n (%) 67 (8.11) 84 (10.13)

Strokes over 72 monthsa—n (%) 35 (4.25) 49 (5.84)

Hospitalizations for worsening heart failure over 72 monthsa—n (%) 128 (15.35) 146 (17.57)

Hospitalizations for acute coronary syndrome over 72 monthsa—n (%) 39 (4.70) 50 (5.95)

Deaths over 72 monthsa—n (%) 117 (14.01) 139 (16.66)

Abbreviations: SE, standard error; MoCA, Montreal Cognitive Assessment; CABG, coronary artery bypass graft; PCI, percutaneous coronary intervention; MDRD, Modification of Diet in 
Renal Disease. 
aBased on imputed case analysis; non-imputed sample: n = 168 vs. n = 217 first primary outcome events, n = 45 vs. n = 60 cardiovascular deaths, n = 26 vs. n = 40 strokes, n = 95 vs. n =  
118 hospitalizations for worsening heart failure, n = 33 vs. n = 43 hospitalizations for acute coronary syndrome, and n = 83 vs. n = 100 deaths.
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an additional unit of effect (e.g. per additional life year or per year free of a pri-
mary outcome event). Furthermore, cost-effectiveness acceptability curves 
were constructed based on the net benefit approach.35 Cost-effectiveness ac-
ceptability curves represent the proportion of bootstrapped ICERs that falls 
below a certain willingness-to-pay value for an additional unit of effect. As 
there is no clearly defined willingness-to-pay threshold for a year without a 
primary outcome or a life year gained, the probability of ERC being cost- 
effective compared to usual care was calculated for hypothetical 
willingness-to-pay values between €0 and €120 000. For a detailed explanation 
on how the uncertainty displayed on the cost-effectiveness plane can be trans-
lated into the shape of the cost-effectiveness acceptability curve, interested 
readers are referred to Fenwick et al.36

All analyses were conducted using STATA/SE 16.0 (StataCorp. 2019. 
Stata Statistical Software: Release 16. College Station, TX: StataCorp 
LLC). The significance level was set to 0.05.

Sensitivity analyses
Different sensitivity analyses were performed to examine the robustness of 
base case results. The impact of the chosen discount rate was assessed by 
varying the discount rate between 0% and 5%.

The data from the EAST-AFNET 4 trial were restricted to costs of hos-
pitalization and medication, while some of the primary outcomes (e.g. 
stroke or acute coronary syndrome) often also result in the use of rehabili-
tation and/or formal care services, which generate additional cost to health 
or long-term care insurances in Germany.37,38 Therefore, the base case ana-
lysis was extended by assuming average rehabilitation and care costs after a 
stroke or acute coronary syndrome (myocardial infarctions) from the lit-
erature.39–41 In order to examine the impact of varying cost estimates in 
the literature, scenario analyses with minimum and maximum reported 
costs were conducted. In addition, an extreme scenario assuming that every 
stroke would lead to inpatient care needs and long-term care at the highest 
level was analysed. This was done by adding the typical care allowance for 
the highest care level for a person in an inpatient care facility paid by the 
health and long-term care insurances in Germany to the total costs for 
each month after a stroke within the 6-year observation period.42

As, for some variables, a relatively high number of values were imputed, 
and the analyses were repeated by using only participants who were re-
cruited early enough to be observed for the complete 6-year time horizon 
(n = 852). Missing data due to early withdrawal were imputed.

Additionally, the impact of potential missing not at random values on the 
results of the base case analysis was examined by modifying the imputed to-
tal costs of withdrawals (e.g. +10% costs).43

Finally, the analyses were rerun when all hospital stays were monetarily 
valued with standardized unit costs per hospital night25 to examine the im-
pact of the costing approach (assigning diagnosis-related groups) on the 
results.

Results
The 1664 participants from the German study sites were equally ran-
domized (n = 832 each) to ERC and usual care. Overall, baseline char-
acteristics remained balanced between treatment groups in this 
randomized subsample. The mean age was 70.16 and 70.87 years, re-
spectively, and about 47% were female in both groups (Table 1). 
Over the follow-up period, fewer first primary outcome events (210 
vs. 255) and a lower number of deaths (117 vs. 139) occurred in the 
ERC compared to the usual care group.

The base case cost-effectiveness results are displayed in Table 2 and 
Figures 1 and 2. In the unadjusted analysis, ERC was associated with sig-
nificantly higher mean medication costs [+€1218, 95% CI (€53, €2383)] 
and non-significantly higher mean hospitalization costs [+€976, 95% CI 
(−€1025, €2976)]. In the adjusted analysis, the ERC group had non- 
significantly higher mean total costs [+€1924, 95% CI (−399, 4246)], 
a significantly longer mean time to the occurrence of a primary out-
come event [+0.18 years, 95% CI (0.02, 0.34)], and a non-significantly 
longer mean survival time than the usual care group [+0.09 years, 
95% CI (−0.03, 0.20)]. The ICER was €10 638 per additional year with-
out a primary outcome and €22 536 per life year gained. The cost- 
effectiveness planes indicated a high degree of uncertainty around the 
point estimates, with the majority of the bootstrapped ICERs being 
in the north-eastern quadrant (more costly and more effective than 
usual care) for both effect measures (Figure 1A and 2A). In terms of 
time to a primary outcome event, ERC could be considered cost- 
effective compared to usual care (≥95% probability) at a 
willingness-to-pay value of ≥€55 000 per additional year without a pri-
mary outcome event (Figure 1B). Considering survival time as effect 
measure, the probability of ERC being cost-effective increased with 
higher willingness-to-pay values, up to 89% at a willingness-to-pay value 
of €120 000 per life year gained; ≥80% was reached at a 
willingness-to-pay value of ≥€55 000 (Figure 2B).

Sensitivity analyses
The results were robust to variation in the discount rate. The ICER 
point estimates marginally differed from those in the base case analysis 
assuming a discount rate of 3%, but the cost-effectiveness acceptability 
curves were almost identical (see Supplementary material online, 
Table S4, and Supplementary material online, Figure S1).

Including rehabilitation and care costs for stroke and acute coronary 
syndrome reduced the mean incremental costs between ERC and usual 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 2 Costs, effects, and incremental cost-effectiveness ratio for ERC (n = 832) vs. usual care (n = 832) in patients with early atrial fibrillation 
at 6 years follow-up

Early rhythm control Usual care Difference, unadjusted Difference, adjusteda

Mean Mean Mean (95% CIb) Mean (95% CIb)

Medication 9862 8644 1218 (53, 2383)

Hospitalization 15 693 14 718 976 (−1025, 2976)

Total costs 25 556 23 362 2194 (−152, 4539) 1924 (−399, 4246)

Years to primary outcome 4.82 4.63 0.19 (0.03, 0.35) 0.18 (0.02, 0.34)

Years survived 5.23 5.13 0.10 (−0.01, 0.22) 0.09 (−0.03, 0.20)

ICER (€ per year without a primary outcome) 11 736 10 638

ICER (€ per life year gained) 21 626 22 536

Costs were reported in 2021, in euros (€). 
aResults from seemingly unrelated regressions; cost difference adjusted for peripheral artery disease at baseline; effect difference adjusted for age and peripheral artery disease at baseline 
(time to primary outcome) or age, peripheral artery disease, chronic obstructive pulmonary disease, malignant diseases, and valvular disease at baseline (years survived). 
bBased on 1000 bootstrapped replications.
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care, but ERC remained more expensive than usual care, and the cost- 
effectiveness acceptability curves were almost identical to the base case 
analysis (see Supplementary material online, Table S4, and 
Supplementary material online, Figure S2).

When performing the analysis with only a subsample of participants 
recruited early enough to be followed over the complete 6-year time 
horizon, incremental costs and time without a primary outcome 

were higher than in the base case analysis, whereas the incremental 
time survived was lower. This resulted in lower probabilities of cost- 
effectiveness in the cost-effectiveness acceptability curves compared 
to the base case analysis, e.g. 88% and 57% were reached at a 
willingness-to-pay value of €55 000 per additional year without a pri-
mary outcome or life year gained (see Supplementary material online, 
Table S4, and Supplementary material online, Figure S3). The 
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Figure 1 (A) Cost-effectiveness plane and (B) cost-effectiveness acceptability curves for ERC (n = 832) vs. usual care (n = 832) in patients with early 
atrial fibrillation at 6 years follow-up. (A) Non-parametric bootstrapping was used to display the uncertainty around the incremental cost-effectiveness 
ratio. The north-western quadrant means that ERC is less effective and more costly. The south-western quadrant means that ERC is less effective and 
less costly. The north-eastern quadrant means that ERC is more effective but more costly. The south-eastern quadrant means that ERC is more ef-
fective and less costly. (B) The probability that ERC is cost-effective compared to usual care as the willingness to pay for each additional year without a 
primary outcome is varied from €0–€120 000. WTP, willingness to pay.
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Figure 2 (A) Cost-effectiveness plane and (B) cost-effectiveness acceptability curves for ERC (n = 832) vs. usual care (n = 832) in patients with early 
atrial fibrillation at 6 years follow-up. (A) Non-parametric bootstrapping was used to display the uncertainty around the incremental cost-effectiveness 
ratio. The north-western quadrant means that ERC is less effective and more costly. The south-western quadrant means that ERC is less effective and 
less costly. The north-eastern quadrant means that ERC is more effective but more costly. The south-eastern quadrant means that ERC is more ef-
fective and less costly. (B) The probability that ERC is cost-effective compared to usual care as the willingness to pay per life year gained is varied from 
€0–€120 000. WTP, willingness to pay.
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probabilities of ERC being cost-effective remained relatively stable 
when different missing at random departures were assumed for missing 
data from study withdrawals (see Supplementary material online, 
Figure S4).

Monetarily valuing the hospitalization by standardized unit costs re-
duced the incremental costs and led to slightly higher probabilities of 
cost-effectiveness at low willingness-to-pay values but generally con-
firmed the results from the base case analysis (see Supplementary 
material online, Table S4, Supplementary material online, Table S5,
and Supplementary material online, Figure S3).

Discussion
This study examined the cost-effectiveness of systematic, ERC therapy 
by analysing observed healthcare expenditures in the German sub-
sample of the multicentre randomized EAST-AFNET 4 trial. Early 
rhythm control reduced the risk of death from cardiovascular causes, 
stroke, or hospitalization for heart failure or acute coronary syn-
drome14 but was associated with non-significantly higher costs. The 
analyses estimated ICERs of €10 638 per additional year without a pri-
mary outcome event and €22 536 per life year gained. Based on these 
point estimates and following common threshold recommendations,44

ERC can be considered economically attractive, even though the cost 
per quality-adjusted life year (QALY), to which these threshold recom-
mendations refer, is likely to be higher. Statistical uncertainty analyses 
resulted in high probabilities for cost-effectiveness of ERC if the 
willingness-to-pay value was ≥€55 000 per year without a primary out-
come (95% probability) or per life year gained (80% probability). 
Sensitivity analyses (e.g. variation of the discount rates, assumption of 
average rehabilitation and formal care costs following a stroke or myo-
cardial infarction, or monetary valuation of hospitalizations by average 
costs per night spent in hospital) did not alter the results relevantly.

Drivers for costs incurred for delivering 
ERC
Costs were higher in patients randomized to ERC, primarily driven by 
additional medication in our analysis. The majority of patients rando-
mized to ERC received antiarrhythmic drugs, whereas in the control 
group, these were only administered to mitigate uncontrolled 
AF-related symptoms despite adequate rate control therapy. 
Numerically (but not significantly) higher hospitalization costs in pa-
tients randomized to ERC can be explained by payments associated 
with catheter ablations. Consistent with the results of the main study 
indicating no differences in the nights spent in a hospital between 
ERC and usual care,14 hospitalization costs were almost equal between 
both groups when all hospitalizations were monetarily valued by aver-
age costs per hospital night (unit costs). Thus, the costs saved by pre-
venting primary outcome events in the ERC group were probably 
offset by hospitalizations for rhythm control therapy (e.g. ablation or 
initiation of antiarrhythmic drugs), at least within this 6-year time hori-
zon. This is because the large number of participants receiving (costly) 
ERC contrasts with a relatively small absolute number of primary out-
come events avoided.

Generalizability of ERC and comparability 
of the results to other studies
The economic analysis of ERC is challenging since it comprises a therapy 
concept of several treatment options rather than a single treatment. 
The effectiveness of this therapy concept has been replicated inter-
nationally by observational national cohorts in the USA, the UK, and 
South Korea,15,16 and further trials using ERC to treat AF in different 
settings are currently pursued in patients with acute stroke or with 

intracardiac devices (clinicaltrials.gov identifiers: NCT05293080, 
NCT04612335). Previous studies found that certain patient groups 
benefited more from rhythm control therapy such as AF patients 
with heart failure and reduced ejection fraction, or a high comorbidity 
burden,45–48 who may thus represent a patient group with a more fa-
vourable cost-effectiveness of ERC. Moreover, the cost-effectiveness of 
the ERC therapy concept also depends on the mode used to achieve 
rhythm control, such as catheter ablation or antiarrhythmic drugs, 
which are associated with different efficacies, adverse events, and 
costs.49 For example, the CABANA trial showed that catheter ablation 
was more effective in improving AF symptoms than antiarrhythmic drug 
therapy but was also more expensive. The recent cost-effectiveness 
analysis of CABANA reported an ICER of $57 893 per QALY gained 
for catheter ablation vs. antiarrhythmic drug therapy in a US setting. 
However, there was a high degree of uncertainty with only <75% of 
bootstrap simulation yielding an ICER of <$100 000/QALY.49,50

These results indicate that an increased use of catheter ablations for 
rhythm control would impact the ICER for ERC compared to usual 
care. In EAST-AFNET 4, the method of rhythm control therapy was 
not randomized and ∼25% of the patients still in follow-up at that 
time received catheter ablation 2 years after randomization. In view 
of a recent analysis demonstrating that attaining sinus rhythm is the 
key mediator reducing outcomes in the EAST-AFNET 4 trial,51 it could 
be speculated that successful maintenance of sinus rhythm, independ-
ent of the method of rhythm control, is key to effective and cost- 
effective delivery of ERC. Recent data support early catheter ablation 
as a first-line therapy for rhythm control in attaining sinus rhythm 
and slowing progression to persistent AF.52–54 The recent ESC guide-
lines for AF did not consider EAST-AFNET 4 and identification of the 
right patient for rhythm control remains crucial.55 For that, the 
4S-AF scheme as described in the recent AF guidelines may be helpful 
to identify patients who will benefit from rhythm control.56

Examining the cost-effectiveness of ERC in different populations (e.g. 
patients with AF and heart failure; persistent vs. paroxysmal AF; and 
older vs. younger AF patients) or different modes of rhythm control 
(antiarrhythmic drugs or catheter ablation), therefore, represents a fu-
ture research perspective.

Strengths and limitations
An important strength is the use of empirical data from a large sample 
(n = 1664) of the randomized, controlled EAST-AFNET 4 trial. Based 
on these data, costs for the German health insurance system were cal-
culated for observed treatments. This healthcare payer’s perspective is 
recommended by the German Institute for Quality and Efficiency in 
Healthcare (IQWiG) for evaluations of medical interventions.57

Restricting the analysis to the German subsample of the trial allowed 
for an adequate estimation of costs within the German healthcare sys-
tem but, compared to the almost two-fold bigger main trial, reduced 
the power to detect differences between groups. The downside of lim-
iting the analysis to the German setting is that the results may not be 
generalizable to other countries or healthcare systems due to differ-
ences between countries in, e.g. the reimbursement of therapies. 
Comparability of the results with other studies is furthermore limited 
by the fact that QALYs were not used as effect measure in this study. 
This was due to the following reasons: (1) health-related quality of life 
was only assessed at baseline and at 2-year follow-up, where no signifi-
cant or clinically relevant between-group difference was observed; (2) 
against the background of the German social legislation and weaknesses 
of the QALY concept, the IQWiG, which is substantially involved in in-
forming reimbursement decisions in Germany, currently deviates from 
the international reference scenario for cost-effectiveness analyses by 
not supporting QALYs as primary measure of benefits;23,58,59 and (3) 
the EAST-AFNET 4 trial was not powered for between-group differ-
ences in quality of life. Instead, the EAST-AFNET 4 primary composite 
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outcome was used. This is in line with the main trial and is medically 
meaningful. To provide a second reliable and meaningful outcome 
that can be compared across conditions and therapies, cost- 
effectiveness was additionally expressed as costs per life year gained.

The long-term effects in preventing cardiovascular events on health-
care utilization were limited in the analysis to the 6 years of follow-up. 
Within this time horizon, around 40% of the participants were cen-
sored earlier, so costs and effects were imputed for the time not ob-
served anymore, which could have introduced additional uncertainty 
into the results. Larger (modelling) studies across healthcare systems 
and projected over longer time periods would provide more compre-
hensive assessments of whether this intervention would be cost- 
effective in general.

The strong emphasis on empirical data from the RCT and the health-
care payer’s perspective also means a limited cost perspective, where 
no indirect costs (e.g. productivity losses) or costs of informal care 
were considered that are relevant from a societal perspective. 
Productivity losses can only be expected for a relatively small propor-
tion of the EAST-AFNET 4 population, as most patients were at or be-
yond retirement age at the time of enrolment. There could also be 
additional costs for the healthcare payer that were not recorded in 
the study (outpatient costs that could be increased on ERC,60 costs 
of medications not administered for AF or concomitant cardiovascular 
diseases, overnight hospital stays only for diagnostic procedures or 
monitoring, or costs of formal care). The strong contribution of hospi-
talization costs to overall costs in AF care mitigates these limitations to 
some extent.7–9,22

Regarding the calculation of hospitalization costs, DRGs were as-
signed based on cardiovascular events and procedures, whereas other 
events or non-cardiovascular procedures were not considered for the 
DRG grouping or were monetarily valued using standardized unit costs. 
Therefore, a potential over- or underestimation of costs cannot be ru-
led out, as the length of hospital stays may not always have been attrib-
utable to the cardiovascular events or procedures but to other 
concomitant diagnoses/conditions and procedures that were not the 
main reason for hospitalization and, thus, were not considered when 
assigning DRGs.

Conclusion
Estimated costs of delivering ERC therapy in Germany indicate that 
health benefits of ERC may come at reasonable additional costs. At a 
willingness-to-pay value of ≥€55 000 per year without a primary out-
come or per additional life year, cost-effectiveness of ERC is highly 
probable (≥95% or ≥80%, respectively). Future studies are needed 
that adopt a broader cost perspective, evaluate the cost-effectiveness 
of ERC in different healthcare systems or in subgroups with the highest 
clinical effectiveness of ERC, or examine the cost-effectiveness of differ-
ent modes of ERC.

Supplementary material
Supplementary material is available at Europace online.
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