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Aim: To evaluate the clinical and economic impact of antiarrhythmic drugs (AADs) compared with
ablation both as individual treatments and as combination therapy without/with considering the
order of treatment among patients with atrial fibrillation (AFib). Materials & methods: A budget
impact model over a one-year time horizon was developed to assess the economic impact of AADs
(amiodarone, dofetilide, dronedarone, flecainide, propafenone, sotalol, and as a group) versus ablation
across three scenarios: direct comparisons of individual treatments, non-temporal combinations, and
temporal combinations. The economic analysis was conducted in accordance with CHEERS guidance as
per current model objectives. Results are reported as costs per patient per year (PPPY). The impact
of individual parameters was evaluated using one-way sensitivity analysis (OWSA). Results: In direct
comparisons, ablation had the highest annual medication/procedure cost ($29,432), followed by dofetilide
($7661), dronedarone ($6451), sotalol ($4552), propafenone ($3044), flecainide ($2563), and amiodarone
($2538). Flecainide had the highest costs for long-term clinical outcomes ($22,964), followed by dofetilide
($17,462), sotalol ($15,030), amiodarone ($12,450), dronedarone ($10,424), propafenone ($7678) and
ablation ($9948). In the non-temporal scenario, total costs incurred for AADs (group) + ablation ($17,278)
were lower compared with ablation alone ($39,380). In the temporal scenario, AADs (group) before
ablation resulted in PPPY cost savings of ($22,858) compared with AADs (group) after ablation ($19,958).
Key factors in OWSA were ablation costs, the proportion of patients having reablation, and withdrawal
due to adverse events. Conclusion: Utilization of AADs as individual treatment or in combination with
ablation demonstrated comparable clinical benefits along with costs savings in patients with AFib.

Plain language summary
What is this article about? Atrial fibrillation (AFib) is the most common type of heart rhythm disorder
in which the heart beats too slowly, too fast, or in an irregular way. During AFib, the upper and lower
chambers of the heart beat out of sync, causing blood flow to be ineffective. Symptoms of AFib include
palpitations, lightheadedness, shortness of breath, and fatigue. Guidelines recommend rate control and
rhythm control as important treatments for the management of AFib. Rhythm control strategies including
antiarrhythmic drugs (AADs) and ablation are promising interventions for maintaining sinus rhythm.
This study assessed the economic impact of AAD use versus ablation in patients with AFib from a US
payer’s perspective. Three different scenarios were compared: direct comparisons of individual treatments,
non-temporal combinations (scenarios where order of treatments was not considered), and temporal
combinations (scenarios where order of treatments was considered).
What were the results? In the direct comparison of AADs versus ablation, per patient per year (PPPY)
costs across AADs were 35%-73% lower compared with ablation, mainly due to higher procedural costs
of ablation. In the non-temporal scenario, PPPY costs for AADs used in combination with ablation were
44% lower compared with ablation alone. In the temporal scenario, AADs placed before ablation yielded
87% cost savings compared with AADs placed post-ablation, largely due to improved clinical outcomes
associated with AAD use and high costs of ablation.
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What do the results mean? Overall, use of AADs alone or in combination with ablation resulted in
comparable clinical benefits with lower costs. Decision-makers can use these findings to inform decisions
about economical treatment alternatives available for patients with AFib.

First draft submitted: 5 May 2023; Accepted for publication: 12 June 2023; Published online:
30 June 2023

Keywords: ablation e antiarrhythmic drugs e atrial fibrillation e economic model

Atrial fibrillation (AFib) is the most common sustained cardiac arrhythmia, imposing a substantial impact on
mortality and morbidity [1-3]. As per 2019 estimates, AFib was mentioned on 183,321 death certificates in the USA
and was the underlying cause of death in 26,535 of those deaths [4]. More than 454,000 hospitalizations have been
attributed to AFib as a primary diagnosis each year in the US [5], where prevalence is expected to reach 12.1 million
by 2030 [e].

People affected with AFib experience an interruption in their normal sinus rhythm in which the upper chambers
of the heart (atria) beat irregularly and out of coordination with the lower chambers of the heart (ventricles) (7).
Asymptomatic episodes of AFib have been reported in approximately 15% to 30% of patients [8]. For symptomatic
AFib, patients may experience a range of mild to severe symptoms including heart palpitations, lightheadedness,
shortness of breath, and chest pain [7]. AFib is associated with increased risk of thromboembolism, cognitive
dysfunction, heart failure (HF), stroke, and premature death, which can adversely affect quality of life (QoL) and
lead to enormous economic burden (9. In the US, management of AFib has been estimated to range in cost from
$6-$26 billion annually and reportedly increased hospitalization costs by 11% between 2010 and 2017 [10,11].

A comprehensive therapy approach centered on the Atrial Fibrillation Better Care (ABC) pathway has been
suggested to reduce the risk of adverse outcomes for people with AFib [12]. The ABC pathway is guided by three
main aspects: “A” Avoid stroke with anticoagulants; “B” Better symptom management, with patient-centered
decisions on rate or rthythm control; and “C” Cardiovascular and Comorbidity risk optimization [13]. Increasing
evidence supports early rhythm control for most patients recently diagnosed with AFib as well as for those who are
symptomatic (14,15]. Treatment options such as antiarrhythmic drugs (AADs), catheter ablation, or a combination
of the two are recommended for maintaining sinus rhythm, and the decision to pursue either AADs or catheter
ablation is based on a patient’s clinical profile, patient decision, and physician discretion [15-17].

For treatment with AADs, amiodarone, dofetilide, dronedarone, flecainide, propafenone, and sotalol are com-
monly used drugs available in the US for patients with paroxysmal and persistent AFib [18,19]. The clinical benefits of
dronedarone were evaluated in the ATHENA trial, demonstrating significantly better cardiovascular (CV) outcomes
and fewer hospitalizations in patients with paroxysmal and persistent AFib [14]. Recently, the EAST AFNET4 trial
showed that patients undergoing rhythm control via AADs or ablation had a significantly lower risk of CV events
over a follow-up period of 5 years compared with patients who received usual care [15]. Despite observed clinical
benefits, there is evidence showing that some AADs can be associated with adverse events (AE) [18], hence limiting
patient adherence and subsequently their efficacy in rhythm control.

However, some recent studies have demonstrated potentially better CV outcomes with catheter ablation in
AFib patients compared with AADs [20). For example, the CABANA trial showed that patients receiving ablation
exhibited significant improvements in survival, risk of AFib recurrence, and QoL compared with patients treated
with AADs only [21]. Furthermore, the STOP AF [22] and the EARLY AF [1¢] trials demonstrated a lower rate of AFib
recurrence in patients treated with cryoablation compared with those who received AADs. Results of other RCTs
have suggested that ablation as first-line therapy followed by AADs is more effective in maintaining sinus rthythm
than AAD:s as first-line [23]. Although ablation is associated with meaningful clinical benefits and success compared
with AADs, there is also major risk for procedural complications [24] and potential high economic burden.

In the present study, we aimed to evaluate the economic impact of AADs compared with ablation, both as
individual treatments and as combination therapy, from the US payer perspective. We investigated long-term
clinical outcomes (LTCO) associated with treatments as well as procedural complications of ablation and adverse
treatment effects of AADs, along with scenarios either taking the order of treatments in combination therapy into
account or not.
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Figure 1. Framework of the rhythm control economic model.
AAD: Antiarrhythmic drug; AE: Adverse event; AFib: Atrial fibrillation; LTCO: Long-term clinical outcomes; PPPY: Per
patient per year.

Methods

Overview

The economic impact of rhythm control treatments was calculated using a one-year model horizon developed in
Microsoft Excel 2010 (Microsoft Corp, Redmond, WA). Different treatment scenarios (Figure 1) were compared
to assess the economic benefits of AADs (amiodarone, dofetilide, dronedarone, flecainide, propafenone, sotalol, and
AADs as a group) versus ablation among US adults with AFib. The economic impact of AADs was calculated as the
difference in total annual costs of AADs (individually, or in combination with ablation) with the cost of ablation
alone (accounting for a 30% rate of reablation [25]) among the different scenarios. The economic evaluations
reported in this study followed CHEERS guidance [26] as per current model requirements.

Study population & data source
In a retrospective database analysis, a reference AFib population of patients from US Merative MarketScan (formerly
Truven MarketScan) meeting the following inclusion criteria was identified:

e Had >1 inpatient or >2 outpatient claims with a primary or secondary diagnosis of paroxysmal (International
Classification of Diseases, 10th Revision [ICD-10] 148.0) or persistent (ICD-10 148.1) AFib occurring on
different days during the identification period (January 2016 to December 2019).

e The index date is the date of the first claim for AFib.

Patients >18 years old at 12 months pre-index.

Continuous health plan eligibility during the 12 months pre-index.

No previous diagnosis of AFib during the 12 months pre-index.

No previous diagnosis of atrial flutter during the 12 months pre-index.

No previous hospitalization for HF during the 12 months pre-index.

Treatment scenarios were classified into three categories. The first scenario was individual direct comparisons,
including all AADs individually and as a group versus ablation alone. The second scenario was a non-temporal
combination of comparisons in which the order of treatment was not taken into account, including all AADs
individually and as a group used with ablation versus ablation alone. The third scenario was temporal combination
comparisons in which the order of treatment was taken into account, including: AADs as a group given before
ablation versus AADs as a group given after ablation; AADs as a group given before ablation versus ablation only;
AADs as a group given after ablation versus ablation only. Due to limited availability of data, results for individual
AADs were not reported in the temporal scenarios.
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Table 1. Risk of long-term clinical outcomes and ablation procedural complications.

LTCO/ablation procedural complication Ablation Reablation [34] Ref.
Withdrawal due to AET NA NA

Proarrhythmia 0.079 0.079

Stroke 0.020 0.005 [35]

AFib recurrence 0.391 0.062

Pericardial effusion 0.022 0.022 [31]
Cardiac tamponade 0.013 0.013 [31]
Intra-/Post-operative hemorrhage/hematoma requiring transfusion (excluding ESRD/chronic anemia) 0.019 0.019 [31]
Vascular injury/aneurysm/AV fistula (excluding ESRD patient) 0.011 0.011 [31]
Intubation - 96 h 0.015 0.015 [31]
Vascular injury requiring surgical intervention 0.007 0.007 [31]

Twithdrawal due to AE is only applicable for the AAD therapy and not applicable for ablation and reablation. Based on the literature [34], the risk of complications of reablations (except
stroke) is considered the same as the risk of index ablation.

AE: Adverse event; AFib: Atrial fibrillation; AV: Arteriovenous; ESRD: End-stage renal disease; LTCO: Long-term clinical outcome; NA: not applicable. AE: Adverse event; AFib: Atrial
fibrillation; AV: Arteriovenous; ESRD: End-stage renal disease; LTCO: Long-term clinical outcome; NA: Not applicable.

The target population included US adult AFib patients. Patients included in the study had not previously used
AADs or undergone ablation, i.e., incident patients. The analysis was conducted from a US payer perspective
over one year. Direct medical costs to payers included those associated with treatment, outpatient administration,
LTCO (i.e., events most often happening a year or more following treatment initiation, as opposed to short-term
AE occurring at or around time of initiation), and ablation procedural complications, reported in 2021 USD.
Results were reported as cost savings per patient in the target population per year (PPPY).

Model inputs

Data available from the literature, Sanofi internal analyses, and results generated from the retrospective database
analysis were included as model inputs. The target population included all treated patients with AFib (paroxysmal
and persistent) in a hypothetical health plan of 1,000,000 members.

LTCOs included risks from withdrawal due to AE, proarrhythmia, stroke, and AFib recurrence, based on the most
common outcomes reported across clinical trials comparing patients receiving AADs versus placebo (Table 1) [18].
For the scenario of direct comparison of individual therapies, treated risks were calculated by multiplying risk ratios
for AADs (except for stroke in dofetilide and propafenone) obtained from a meta-analysis of clinical trials reporting
LTCOs associated with use of AADs [18] times the risk of LTCOs observed in the reference AFib population (from
the database analyses). Due to a lack of literature evidence, the treated risk for stroke in dofetilide was calculated as
the average treated risk for stroke in Vaughan Williams class 3 AADs [27]. The treated risk for stroke in propafenone
was taken directly from literature [28]. Treated risks for proarrhythmia in dofetilide and withdrawal due to AEs
in flecainide were calculated as being greater than 1.0, suggesting placebo as having lower rates of LTCOs than
flecainide and dofetilide, an unlikely conclusion based on weak evidence from published literature (Supplementary
Table 1) (18. Thus, calculated treated risks for LTCOs which were greater than 1.0 were capped at 0.99. For all other
scenarios, the risks of LTCOs were include directly from the database analysis, and not calculated by multiplying
risk ratios in the literature times risks in the reference AFib population. Costs for LTCO were obtained from the
literature and adjusted to 2021 costs utilizing medical inflation rates [29): withdrawal due to AEs ($6496) 1301, AFib
recurrence ($10,288) (311, proarrhythmia ($10,952) 321, and stroke ($28,008) (331. Total costs for LTCOs were
calculated as the sum of each LTCO?’s treated risk multiplied by its cost (Table 2). In the scenarios for combination
treatments, PPPY costs for ablation were obtained from the retrospective database analysis and distributed among
all users of each AAD and AAD:s as a group.

Procedural complications of ablation included pericardial effusion, cardiac tamponade, intra-/post-operative
hemorrhage/hematoma requiring transfusion (excluding end-stage renal disease [ESRD]/chronic anemia), vascular
injury/aneurysm/arteriovenous [AV] fistula (excluding ESRD patient), intubation (96 h in duration), and vascular
injury requiring surgical intervention. These complications were selected because they had an incidence of >0.5%
in the literature [24]. Sultan ez al. reported that the occurrence of procedural complications did not differ between
initial and repeat ablations [34], thus the current model assumed the same. Furthermore, Numminen ez a/. reported
that rates of major procedural complications did not differ by sex, body mass index, or age, with no other factors
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Table 2. Cost of long-term clinical outcomes and ablation procedural complications.

LTCO/ablation procedural complication Cost of LTCOs/ablation procedural costs, $ Ref.
Withdrawal due to AE 6496 [30]
Proarrhythmia 10,952 [32]
Stroke 28,008 [33]
AFib recurrence 10,288 [31]
Pericardial effusion 30,793 [36,37]
Cardiac tamponade 30,793 [36,37]
Intra-/post-operative hemorrhage/hematoma requiring transfusion (excluding ESRD/chronic 27,239 [36,37]
anemia)

Vascular injury/aneurysm/AV fistula (excluding ESRD patient) 24,179 [36,37]
Intubation - 96 h 24,886 [36,37]
Vascular injury requiring surgical intervention 62,662 [36,37]

LTCO costs are inflated to September 2021 prices using the CPI inflation calculator [29].
AE: Adverse event; AFib: Atrial fibrillation; AV: Arteriovenous; ESRD: End-stage renal disease; LTCO: Long-term clinical outcome.

Table 3. Wholesale acquisition costs of antiarrhythmic drugs.

Treatment Unit cost, $ Frequency per day Average daily cost, $
Dronedarone 12.19F 2+ 2438

Amiodarone 0.315 21 0.62

Sotalol 0.26* 2ft 0.52

Flecainide 0.57% 188 0.57

Propafenone 0.7711 3 2.31

Dofetilide 3.997ft 244t 7.98

Average daily cost of treatment arms is considered by multiplying unit costs with daily drug intake frequency.
Twww.drugs.com/price-guide/multag. Accessed on October 19, 2021.
fwww.drugs.com/dosage/dronedarone.html. Accessed on October 19, 2021.
Swww.drugs.com/price-guide/amiodarone. Accessed on October 19, 2021.
Twww.drugs.com/dosage/amiodarone.html. Accessed on October 19, 2021.
#www.drugs.com/price-guide/sotalol. Accessed on October 19, 2021.
TTwww.drugs.com/dosage/sotalol.html. Accessed on October 19, 2021.
Hwww.drugs.com/price-guide/flecainide. Accessed on October 19, 2021.
SSwww.drugs.com/dosage/flecainide.html. Accessed on October 19, 2021.
I9www.drugs.com/price-guide/propafenone. Accessed on October 19, 2021.
#\www.drugs.com/dosage/propafenone.html. Accessed on October 19, 2021.
1T www.drugs.com/price-guide/dofetilide. Accessed on October 19, 2021.
Hfwww.drugs.com/dosage/dofetilide.html. Accessed on October 19, 2021.

reported on (38]. Thus, the current model assumed that procedural complications of ablation were due to the
procedure itself and not impacted by any other factor. Procedure costs of index ablation and reablation were
assumed to be the same at $22,640 [33], adjusted to 2021 USD. Costs of ablation procedural complications were
based on Diagnosis Related Group (DRG) codes retrieved from Find-A-Code (36 and converted to commercial
costs using a factor of 2.24, as suggested by a 2021 report by the RAND Corporation [37].

Costs of AADs were wholesale acquisition costs (WAC; Table 3). The cost of outpatient administration for AADs
was assumed to be $131.20, based on an office visit of an established patient (Current Procedural Terminology
[CPT] 99214) 391, while inpatient costs for sotalol and dofetilide were considered as $4442 and $4892, respectively
based on the literature [40). In the absence of literature evidence, the inpatient costs for the rest of the AADs were
calculated as the average inpatient costs of sotalol and dofetilide. Dosing and administration guidelines in product
package inserts informed outpatient and inpatient administration proportions [36,41-45; i.e., 0% and $0 in sotalol
and dofetilide in the outpatient setting which are administered 100% in the inpatient setting at $4442 and $4892,
respectively [401, 50% and $65.60 in the outpatient setting and 50% and $2333.50 in the inpatient setting for
amiodarone, propafenone, and flecainide, and 100% and $131.20 for dronedarone which is administered entirely
in the outpatient setting [40].
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Table 4. Cost savings of antiarrhythmic drugs when compared with ablation (direct comparison scenario).

Treatment Annual medication costs/ablation LTCO costs (including procedural Total costs PPPY, 1 Cost savings® PPPY, $
procedure costs, $ complications for ablation), $

Dronedarone (400 mg) 6451 10,424 16,875 22,505

Amiodarone (200 mg) 2538 12,450 14,988 24,392

Sotalol (120 mg) 4552 15,030 19,581 19,799

Flecainide (100 mg) 2563 22,964 25,527 13,853

Propafenone (225 mg) 3044 7678 10,722 28,658

Dofetilide (125 mg) 7661 17,462 25,122 14,258

AADs (group) 4468 18,331 22,799 16,581

Ablation 29,432 9948 39,380

fTotal cost is the sum of annual medication costs or ablation procedure costs and LTCO costs.
¥ Cost savings is calculated from the difference between ablation cost and each drug cost.
AAD: Antiarrhythmic drug; LTCO: Long-term clinical outcomes; PPPY: Per patient per year.

Patient cost-sharing (copay/coinsurance) was considered to be paid once per refill frequency. A discount rate
of 20% was included for dronedarone [46]. Monitoring costs for administration and usage of AADs and for the
ablation post-procedural period were not included in analysis.

Assumptions

The model did not differentiate between techniques used for catheter ablation, such as cryoballoon and radio-
frequency ablation. Patients could undergo at most two ablation procedures (i.e., one index ablation and one
reablation) within a year. An index ablation with a 30% incidence rate of reablation was assumed based on the
literature [25]. Analysis did not account for drug adherence and persistence. LT'CO costs for treatments were reported
annually and not by event.

Sensitivity analysis

A one-way sensitivity analysis (OWSA) was conducted to evaluate the impact of individual parameters on model
results. Variables included in the OWSA were epidemiology inputs (plan population, proportion of treated patients,
and proportion of patients requiring a reablation) and cost inputs (annual costs of AADs, ablation procedural costs,
annual costs of AADs in combination with ablation, copayment and coinsurance for each tier, LTCO costs, ablation
procedural complication costs, and discounts on branded drugs). The range used in OWSA for population and
cost parameters was set to =30% from baseline.

Results

Direct comparison of individual therapies

Total costs PPPY for individual therapies are shown in Table 4. In this scenario, comparison of AADs with ablation
resulted in PPPY cost savings of $28,658 for propafenone, $24,392 for amiodarone, $22,505 for dronedarone,
$19,799 for sotalol, $13,853 for flecainide, and $16,581 for AADs as a group. Thus, PPPY cost for all AADs were
35%—73% lower compared with ablation. Greater cost savings of AADs were mainly driven by higher procedural
costs of ablation. LTCO costs (including procedural complication costs for ablation) were comparable between
ablation ($9948) and AADs ($7678-$22,964) (Table 4). LTCO accounted for 90% of PPPY costs for flecainide,
83% for amiodarone, 77% for sotalol, 72% for propafenone, 70% for dofetilide, 62% for dronedarone, 25% for
ablation, and 80% for AAD:s as a group.

Non-temporal comparison of combination therapies

Total costs PPPY for combination therapies not taking order of treatments into account are shown in Table 5.
PPPY costs for combination therapies were lower than ablation alone by $24,466 for flecainide + ablation,
$24,402 for amiodarone + ablation, $23,995 for propafenone + ablation, $21,772 for sotalol + ablation, $19,213
for dronedarone + ablation, $17,190 for dofetilide + ablation, and $22,102 for AADs as a group + ablation.
The combination of AADs with ablation resulted in PPPY cost savings when compared with ablation due to
higher procedural costs associated with ablation ($29,432). LTCO costs (including procedural complications for
ablation) were comparable between ablation ($9948) and the combination therapies ($10,079-$11,780) (Table 5).
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Table 5. Cost savings of antiarrhythmic drugs when compared with ablation (non-temporal scenarios).
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Treatment Annual medication costs/ablation LTCO costs (including procedural Total costst PPPY, $ Cost savings® PPPY, $
procedure costs, $ complications for ablation), $

Dronedarone + ablation 8894 11,273 20,166.89 19,213

Amiodarone + ablation 3986 10,992 14,977.86 24,402

Sotalol + ablation 6217 11,391 17,608.27 21,772

Flecainide + ablation 4835 10,079 14,913.71 24,466

Propafenone + ablation 4305 11,080 15,385.28 23,995

Dofetilide + ablation 10,410 11,780 22,190.19 17,190

AAD:s (group) + ablation 6441 10,837 17,277.89 22,102

Ablation 29,432 9948 39,380.04

fTotal cost is the sum of annual medication costs or ablation procedure costs and LTCO costs.
*Cost savings is calculated as the difference between ablation cost and the combination of each drug with ablation cost.
AAD: Antiarrhythmic drug; LTCO: Long-term clinical outcome; PPPY: Per patient per year.

Table 6. Cost savings of antiarrhythmic drugs when compared with ablation (temporal scenarios).

Treatment Annual medication costs/ablation LTCO costs (including procedural Total costst PPPY, $ Cost savings, PPPY $
procedure costs, $ complications for ablation), $

AADs before ablation $6441 $10,080 $16,522 $22,858%

Ablation before AADs $6441 $12,981 $19,422 $19,9585

TTotal cost is the sum of annual medication costs or ablation procedure costs and LTCO costs.

Cost savings is calculated as the difference between ablation cost and cost of AADs before ablation.
SCost savings is calculated as the difference between ablation cost and cost of ablation before AADs.
AAD: Antiarrhythmic drug; LTCO: Long-term clinical outcome; PPPY: Per patient per year.

LTCO accounted for 73% of PPPY costs for amiodarone + ablation, 72% for propafenone + ablation, 68% for
flecainide + ablation, 65% for sotalol + ablation, 63% for dofetilide + ablation, 53% for dofetilide + ablation,
and 53% of for dronedarone -+ ablation.

Temporal comparison of combination therapies

Total costs PPPY for combination therapies taking order of treatments into account are shown in Table 6. AADs
given before ablation resulted in PPPY cost savings of $2900 compared with ablation coming before AADs. LTCO
costs were the driving factor for cost savings ($10,080 for AADs before ablation and $12,981 for ablation before
AADs), accounting for 61% of PPPY costs for AADs before ablation and 67% for ablation before AADs. Compared
with ablation alone, PPPY cost savings were $22,858 for AADs before ablation and $19,958 for ablation before
AADs (Table 6). Thus, PPPY costs for AADs before ablation were 15% lower compared with ablation before AADs
and 58% lower when compared with ablation alone.

Sensitivity analysis: direct comparison scenario

In OWSA of the direct comparison scenario, index ablation costs, the proportion of patients undergoing reablation,
the cost of proarrhythmia, and the annual cost of AADs as a group were the most impactful variables in the model
(Figure 2). A 30% increase in index ablation costs increased PPPY savings for AADs by $8830 from its base value
($16,581). Other key variables influencing OWSA results are depicted in Figure 2.

Sensitivity analysis: non-temporal comparison of combination therapies

In OWSA of non-temporal comparisons of combination therapies, index ablation costs, the proportion of patients
undergoing reablation, the annual cost of AADs as a group, and the ablation cost associated with AADs as a group
had the greatest influence on results (Figure 3). A 30% increase in index ablation costs increased PPPY savings for
AAD:s as a group in combination with ablation by $8830 from its base value ($22,102). Similarly, a 30% change in
the proportion of patients undergoing reablation, the annual cost of AADs as a group, and ablation cost associated
with AAD:s as a group resulted in PPPY savings of $2048, $1340, and $592, from the base value, respectively.
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Individual drugs: AAD (group): cost savings PPPY ($)

-18,000 -16,400 -14,800 -13,200 -11,600 -10,000 -8400 -6800 -5200 -3600 -2000
L | | | | | | | | | |

Ablation cost, individual
Cost of proarrhythmia
Annual costs: AADs (group)
Cost of withdrawl due to AE
Cost of stroke

Cost of intubation >24 hrs

Cost of pericardial effusion

Cost of intra-/post-operative hemorrhage/
hematoma requiring transfusion

M Low

Cost of cardiac tamponade
M High

Cost of vascular injury requiring surgical intervention

Figure 2. Tornado diagram - sensitivity analysis results (direct comparison scenarios). The sensitivity analysis for the
direct comparison scenario shows the cost savings PPPY ($) of AADs as a group versus ablation alone.
AAD: Antiarrhythmic drug; AE: Adverse event; PPPY: Per patient per year.

Non-temporal: AAD (group) + ablation: budget impact PPPY ($)

-32,000 -29,000 -26,000 -23,000 -20,000 -17,000 -14,000
1 I I I I I I

Ablation cost, individual

Percentage of patients
undergoing reablation

Annual costs: -
AADs (group)

Hlow
m High

Ablation cost associated
with AADs (group)

Figure 3. Tornado diagram - sensitivity analysis results (non-temporal combination comparison scenarios). The
non-temporal comparison scenario shows the cost savings PPPY ($) of AADs as a group in combination with ablation
compared to ablation wherein treatment order was not taken into consideration.

AADs: Antiarrhythmic drugs; PPPY: Per patients per year.

Sensitivity analysis: temporal comparisons of combination therapies

In OWSA of temporal comparisons of combination therapies, results were predominantly driven by costs of LTCO
(Figure 4). A 30% increase in proarrhythmia costs increased PPPY savings for AADs as a group before ablation by
$1026 from its base value ($22,859). Similarly, a 30% change in cost of AFib recurrence, stroke, and withdrawal
due to AE resulted in PPPY savings of $4280, $1713, and $697, from the base value, respectively.

10.57264/cer-2023-0065 J. Comp. Eff. Res. (2023) e230065 e



Clinical & economic outcomes associated with use of anti-arrhythmic drugs versus ablation in atrial fibrillation ~ Research Article

Temporal: AAD (group) before ablation: budget impact PPPY ($)

-4080 -3580 -3080 -2580 -2080
L | | | |
Cost of
proarrhythmia

Cost of AFib
recurrence

= Low

Cost of stroke = High

Cost of withdrawl
due to AE

Figure 4. Tornado diagram - sensitivity analysis results (temporal comparison scenarios). The temporal comparison
scenario shows the cost savings PPPY ($) of AADs as a group given before ablation compared with ablation given
before AADs as a group.

AADs: Antiarrhythmic drugs; AE: Adverse events; AFib: Atrial fibrillation; PPPY: Per patients per year.

Discussion

In this study, we investigated the clinical and economic outcomes of thythm control treatment among AFib patients
via an economic model from a US payer perspective to assess the cost savings of AADs compared with ablation,
both as an individual treatment option and as combination therapy. The analysis presented herein also addressed
the LTCO associated with treatments as well as procedural complications of ablation, along with non-temporal
and temporal scenarios for combination therapy.

Long-term use of AADs is recommended as the first-line strategy for maintaining sinus rhythm, but utilization
of these drugs is limited by risk of LTCOs (e.g., proarrhythmic events, stroke, all-cause mortality) and risks of
AFib recurrence [18]. In addition to LTCOs, use of amiodarone has been found to be associated with severe adverse
outcomes such as pulmonary toxic effects, diffuse alveolar hemorrhage, acute respiratory distress syndrome, and
eosinophilic pneumonia [47,48]. Given the lower incidences of AFib recurrence and hospitalization rates, ablation
represents an attractive therapeutic option in maintaining sinus rhythm. However, the clinical benefits of ablation
are usually offset by its high upfront costs and risk of procedural complications. Thus, there exists a trade-off
between high costs and better clinical outcomes between ablation versus AADs.

The current analysis demonstrated a reduction in incremental costs PPPY when AADs were used in combination
with ablation therapy compared with ablation alone, a finding which can be mainly attributed to distribution
of ablation costs among patients taking AADs (with or without ablation) versus concentration of ablation costs
among patients having ablation (with or without AADs). Previous research has also documented better clinical
outcomes associated with the use of AADs as an adjuvant therapy [21]. In the EAST-AFNET 4 study, patients
who received rhythm control therapy primarily with AADs had a 21% reduced composite outcome of death from
CV causes, stroke, or hospitalization with worsening HF or acute coronary syndrome compared with those who
received usual care (hazards ratio [HR] 0.79; 96% confidence interval [CI] 0.66 - 0.94; p = 0.005) (15]. Furthermore,
in a systematic review and meta-analysis comparing the relative safety and efficacy of ablation to AADs, Calkins
et al. reported a higher success rate (77%) in the cohort undergoing multiple ablations when using AADs as an
adjuvant therapy versus the cohort undergoing ablation without AADs (71%) [49]. Similar findings were reported
by Gunawardena ez a/. in a UK-based study, where the majority of AFib patients were routinely taking AADs alone
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or as combination therapy prior to ablation treatment [50]. Likewise, in the CABANA trial, patients with HF who
received an ablation procedure were taking AADs during the post-blanking follow-up period [211.

Furthermore, we observed higher economic benefits when AADs were used as a first-line therapy before ablation
compared with the scenario when AADs were used post-ablation. This result is attributable to improved clinical
outcomes associated with AAD use (i.e., lower frequency of proarrhythmia, AFib recurrence, and stroke) and the
high upfront cost of ablation and reablation. Similarly, a post-hoc analysis of data from the ATHENA trial found
that the risk of AFib recurrence was significantly lower in AFib patients who received dronedarone (57%) compared
with placebo (71%) during the post-ablation period [51].

In OWSA, we observed cost savings from AADs placed before ablation were predominantly driven by lower
risks and associated costs of LTCO. In addition, the most influential parameters impacting results in the scenario
for direct comparison of individual therapies were index ablation costs, the proportion of patients undergoing
reablation, and the cost of proarrhythmia, which are in accordance with previous findings [s2).

While our study findings suggest comparable clinical outcomes and lower costs associated with AAD use either
as individual treatment or in combination with ablation, the overall benefits of ablation have been well reported.
For example, the 2020 ESC guidelines recommend catheter ablation as a safe and effective treatment option for
maintaining sinus thythm and improving QoL [23]. Furthermore, in a systematic literature review and meta-analysis,
Asad et al. reported significant benefits of catheter ablation in men and younger patients compared with women
and older patients (>65 years) [53]. In addition, AFib patients with HF with reduced ejection fraction demonstrated
lower rates of all-cause mortality with ablation compared with medical therapy 531. However, in the present study we
have observed that combination therapy, specifically, placing AADs ahead of ablation, resulted in cost—effectiveness
and better LTCO. Hence, further investigation of combinational therapy as a treatment option in a wide spectrum
of AFib patients is warranted.

Finally, ablation has been shown to have a positive impact on patients’ QoL compared with treatment with
AAD:s [54-56]. Though not included in our analysis, validated patient-reported outcome measures such as the Short-
Form 36 version 2 (SF-36v2) (571 and EQ-5D-5L (Euroqol) (58] questionnaires, along with associated calculations
for quality adjusted life years, would be an important addition to better understand all aspects of patients’ health
as well as inform discussions around value-based contracting and pricing decisions.

Overall, the use of AAD:s either as individual treatment or in combination with ablation resulted in comparable
clinical benefits but with lower costs. Notably, AADs placed as first-line therapy ahead of ablation resulted in costs
savings compared with AADs placed as second-line therapy. From the perspective of providers, payers, and patients,
the lower overall costs of AADs either as individual treatment or as combination therapy, along with comparable
clinical outcomes, support the use of AADs as first-line therapy followed by ablation in the management of AFib.

Limitations

This model prioritized evidence from the literature over results generated from analysis or real-world data (RWD).
Where there were gaps in the literature, inputs from RWD were utilized. There are several limitations common to
RWD, including incompleteness or inaccuracies in patients’ medical records in claims data. Furthermore, patients’
entire medical history is seldom captured within a single medical claims database, thus, there may be uncertainty
around longitudinal measures and potential misclassification bias. The model did not take drug adherence and
persistence or polypharmacy of AADs into account. Likewise, monitoring costs were not considered, which may
have resulted in total costs across treatments being lower than what would occur in clinical and real-world
settings [59]. Furthermore, cost associated with monitoring (e.g., adverse reactions at baseline and over time for
patients taking amiodarone) were not taken into consideration in this study. Due to limited availability of data,
the model did not differentiate between different AADs in temporal scenarios. Thus, comparisons of individual
AADs in combination with ablation as first- versus second-line therapy were not able to be ascertained. Another
limitation of the model was its short time horizon of one year. Within this one year, it was assumed that patients
could receive at most two ablations. However, patients may receive more than two ablations in the real-world over
an extended period of time. This cohort of patients experiencing multiple ablation failures represents a population
in need of great medical intervention and monitoring for which limited data on clinical and economic outcomes
exists. Furthermore, the results presented herein focused only on a general cohort of patients with AFib and did
not investigate sub-cohorts of patients with structural heart disease, HF with reduced ejection fraction, or other
cardiac implications. Finally, though inclusion of LTCO and ablation procedural complications is a strength of this
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model, the list of conditions was not exhaustive. Thus, there are additional risks and costs associated with rhythm
control that were not accounted for.

Conclusion

An economic model was developed to understand the value of thythm control with AADs versus and in combination
with ablation from a US payer perspective over a one-year time horizon. This was achieved by performing a)
direct comparison analysis of individual AADs versus ablation, b) non-temporal analysis of individual AADs in
combination with ablation in which the order of treatments was not considered and c) temporal analysis of AADs
as a group in combination with ablation where the order of treatments was considered. Use of AADs, individual
or in combination with ablation, resulted in comparable clinical outcomes and overall cost savings due to high
procedural costs of ablation. Specifically, AADs placed before ablation resulted in $2900 cost savings compared
with ablation before AADs. Overall, results of this economic model suggest that AADs as first-line therapy for
patients with AFib is a cost-effective treatment option, with potentially greater savings compared with ablation
alone or placed ahead of AADs in combination therapy. Study findings can be used by decision-makers to inform
formulary placement and utilization controls.

Summary points

o Atrial fibrillation (AFib) is the most common type of heart rhythm disorder in which the heart beats too slowly,
too fast, or in an irregular way.

e Rhythm control strategies including antiarrhythmic drugs (AADs) and ablation are promising interventions for
maintaining sinus rhythm.

e This study aimed to evaluate the clinical and economic impact of AADs compared with ablation both as individual
treatments and as combination therapy without/with considering the order of treatment among patients with
AFib using a budget impact model over a one-year time horizon among a hypothetical plan population of
1 million patients.

e In direct comparisons, ablation had the highest annual medication/procedure cost ($29,432), followed by
dofetilide (37661), dronedarone ($6451), sotalol ($4552), propafenone ($3044), flecainide ($2563), and
amiodarone ($2538).

e Costs for long-term clinical outcomes were highest for flecainide ($22,964), followed by dofetilide ($17,462),
sotalol ($15,030), amiodarone ($12,450), dronedarone ($10,424), propafenone ($7678), and ablation ($9948).

e In the non-temporal scenario, total costs for AADs + ablation ($17,278) were lower compared with ablation alone
($39,380).

e In the temporal scenario, AADs before ablation resulted in per-patient-per-year cost savings of ($22,858)
compared with AADs after ablation ($19,958).

e Utilization of AADs as individual treatment or in combination with ablation demonstrated comparable clinical
benefits along with cost savings in patients with AFib.
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