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Aim: To evaluate the costs and consequences of two front-line atrial fibrillation (AF) treatments from
Chinese healthcare system perspective: radiofrequency catheter ablation (RFCA) using ThermoCool
SmartTouch Catheter guided by Ablation Index (STAI), in comparison to antiarrhythmic drugs (AADs).
Patients & methods: We simulated clinical and economic consequences for AF patients initially receiving
STAIl or AADs using a short-term decision tree model leading to a 10-year long-term Markov model. The
model projected both clinical consequences and costs associated with, among others, AF, heart failure
(HF), strokes, and deaths due to AF or AF related complications. Data informing the models included
combination of a local real-world study and published clinical studies. Results: STAl was advantageous
versus AADs on all 4 main clinical outcomes evaluated; AF: 25.83% lower (12.84% vs 38.67%), HF: 2.22%
lower (1.33% vs 3.55%), stroke or post stroke: 1.82% lower (10.00% vs 11.82%) and deaths due to AF or
AF related complications: 0.64% lower (4.11% vs 4.75%). The average total cost per patient in STAI group
was ¥16,682 lower (¥123,124 vs ¥139,806). The one-way sensitivity analysis indicated that the difference
in total cost was most sensitive to annual AF recurrence probability in AADs-treated patients. Probabilistic
sensitivity analysis indicated a 98.5% probability that RFCA treatment would result in cost savings by the
end of the 10th year. Conclusion: Radiofrequency catheter ablation using SmartTouch catheter guided by
Ablation Index was superior to AADs as the first-line AF treatment in Chinese setting with better clinical
outcomes and at lower costs over a 10-year time horizon.

Plain language summary: What is this article about?: Prior research suggests that radiofrequency
catheter ablation (RFCA) is generally considered cost-effective compared with antiarrhythmic drugs
(AADs) for atrial fibrillation (AF) treatment in China. However, these studies did not account for situations
where patients require repeat ablations or switch from one treatment to another. Our study examines the
health outcomes and costs of two front-line AF treatments from the perspective of the Chinese healthcare
system: RFCA using ThermoCool SmartTouch Catheter guided by Ablation Index (STAI), in comparison to
AAD:s.

What were the results?: Compared with AADs, RFCA using STAlimproves clinical outcomes while reducing
medical costs over a span of ten years.

What do the results mean?: These findings indicate that RFCA using STAI is a preferred option for first-
line AF treatment in the Chinese healthcare context compared with AADs. Our analysis takes into account
the possibility of patients needing repeated RFCA procedures if AF reoccurs, or switching from AADs to
RFCA if the initial AAD treatment is unsuccessful.
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Atrial fibrillation (AF) is the most common arrhythmia encountered in clinical practice, which is associated with an
increased risk of stroke, heart failure and premature death [1]. Recently, a large community-based epidemiological
study involving 47,841 adults aged over 45 years, utilizing both self-reporting and electroencephalogram (testing,
found that AF affected about 1.8% of the study population, equating to approximately 7.9 million people in
China [2]. This research also showed that prevalence of AF was strongly associated with age among both men and
women: AF prevalence increased from 0.8% in men and 0.6% in women within the 45-54 year age group to
5.4% and 4.9% in those aged 75 years and above, respectively. Clinically, two most commonly diagnosed forms of
AF are paroxysmal AF (episodes that can terminate spontaneously) and persistent AF (episodes that continue for
more than 7 days and do not self-terminate) [3]. Antiarrhythmic drugs (AADs) have traditionally been the mainstay
first-line treatment of AE. Over the past decade, attention has shifted from AADs toward radiofrequency catheter
ablation (RFCA) owing to a growing body of evidence that AF ablation is a safe and more effective treatment
option for restoring and maintaining normal sinus rhythm (NSR) and preventing future AF recurrences [4]. Despite
being a minimally invasive procedure, RFCA carries a risk of procedure-related complications and it is, at least
initially, substantially more expensive than pharmacotherapy. Unlike health economic studies for prescription drugs,
economic evaluation of medical devices tends to be more dynamic and often has a shorter ‘shelf life’ 5]. This is
partly because medical devices frequently undergo incremental innovations, some of which may result in significant
improvement in efficacy and safety [6]. For example, contact-force catheters (ThermoCool SmartTouch catheter
[ST catheter]; Biosense Webster Inc., CA, USA) guided by Ablation Index (AI; Biosense Webster Inc.) render more
precise control over energy delivery and have been shown to improve clinical outcomes for AF patients compared
with earlier generations of RFCA 7. Currently, RFCA using Al-guided ST catheter (STAI) has become the device
of choice for AF treatment in China.

To date, no economic evaluation of STAI for AF treatment has been conducted using real-world evidence in the
context of Chinese clinical practice. In order to provide evidence for clinical and reimbursement decision-making
from the perspective of the Chinese healthcare system, we evaluated long-term clinical and economic consequences
associated with STAI (STAI group) versus AAD therapy (AADs group) as first-line treatments for Chinese AF
patients. This evaluation was based on a real-world study at a tertiary hospital in China, as well as other studies
conducted in the Chinese healthcare setting,.

Methods

Study design of the real-world study & data collection

To accurately capture real-world evidence in the Chinese healthcare setting for both clinical outcomes and costs, we
conducted a single center, prospective observational study at a tertiary care hospital in China. This study enrolled
patients who were newly diagnosed with paroxysmal or persistent AF and who were eligible to receive RFCA using
Al-guided ST catheter or AAD therapy.

In congruence with the most recent expert consensus statement on catheter and surgical ablation of atrial fibril-
lation (8], we considered the first three months post-ablation as a blanking period; episodic atrial fibrillation/atrial
tachycardia/atrial flutter (AF/AT /AFL) occurring during the blanking period were not counted as AF recurrence.
From 4 to 12 months after ablation, AF recurrence was defined as any episodes of AF/AT/AFL > 30 seconds
recorded by electrocardiogram, thermal texture maps (TTM), 24-hour Holter monitoring or telemetry. Presence of
AF symptoms was not required for the diagnosis of arrhythmia recurrence. Patients receiving AADs were managed
at the discretion of treating physicians and clinical outcomes were measured in the same manner as ablation-
treated patients, i.e., AAD treatment failure was defined as any episodes of AF/AT/AFL > 30 seconds recorded
by electrocardiogram, TTM, 24-hour Holter monitoring or telemetry post the blanking period (11. All AF patients
received anti-coagulant treatment (warfarin or novel oral anticoagulants for RECA-treated patients and novel oral
anti-coagulants for patients receiving AADs).

One-year clinical outcomes and costs were collected in this real-world study, which informed the model param-
eters. Clinical outcomes included rates of AF recurrence, AAD treatment failure, and complications. As our study
is designed from the perspective of the Chinese healthcare system, only direct medical costs were collected, which
included hospitalization, outpatient follow-up visits, inpatient and outpatient procedures, lab tests and medication.
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Model overview

We simulated clinical and economic consequences for AF patients initially treated with RFCA using Al-guided
ST catheter or AADs using a short-term decision tree model leading to a 10-year long-term health state transition
Markov model, which is consistent with a prior published study conducted in Chinese settings [9]. Two first-line
treatment strategies were evaluated: STAI and AAD therapy. The analysis was performed from the perspective of
the Chinese healthcare system. The model was informed by combined data from the local real-world study and
previously published clinical studies.

The schematic diagrams of the model are presented in Figure 1a and b. The short-term decision tree model was
constructed based on the results of our real-world study in China, capturing both the primary clinical outcomes and
costs over one-year time period. The long-term Markov model was built based on previously published long-term
cost-utility study of RFCA versus cryoballoon ablation and AADs in Chinese AF patient population, simulating
the clinical outcomes and costs over a time horizon of 10 years for a cohort of 10,000 adult patients [9). The cycle
length in the Markov model was one year with a half-year correction. The model simulated expected treatment
outcomes and costs for each individual patient driven by transition probabilities of applicable health states over
annual cycles. The results of all patients were then pooled and analyzed to estimate the average results per patient for
each treatment strategy. To more accurately reflect clinical practice, the model took into consideration of possible
repeat ablations in some patients who underwent RFCA but experienced AF recurrence later. In addition, among
patients who failed AAD treatment may cross over to ablation treatment. An annualized discount rate for both
costs and outcomes was set to 5% [10].

Model structure

The starting point for the decision tree model was the initial choice of first-line treatment strategy: STAI or AADs
therapy. Following the ablation procedure, excluding those who experienced procedure-related death, patients were
assigned into one of the four health states as observed in our observational study: (1) NSR; (2) AF; (3) heart failure
(HF); and (4) stroke. For patients on AADs therapy, they were cither in the state of AAD toxicity or absent of
AAD toxicity initially. The later state was further branched out into the same four health states as the STAI group.
Based on the real-world study results, STAI-treated patients were defined as being in AF status if they had recurrent
AF; AADs-treated patients were defined as being in AF status if they failed the AAD treatment; patients in both
treatments were defined as being in NSR status if they were free of any arrhythmia.

The health state transition paths in the Markov model applied to both treatment options. The health states
reflect the possible clinical events of AF patients in the long term, including: 1) NSR; 2) AF; 3) HF; 4) intracranial
hemorrhage (ICH); 5) gastrointestinal bleeding (GIB); 6) myocardial infarction (MI); 7) stroke; 8) death; 9)
post-ICH (PICH); 10) post-MI (PMI); 11) post-stroke (PST). The NSR, AE, HE and stroke states in the decision
tree model are articulated with corresponding states in the Markov model.

In each cycle of simulation, patients may remain in NSR or AF state or transition into one of the five health
states: HF; ICH; GIB; MI; and stroke. Additionally, patients in NSR may transition to AF state. Patients surviving
the first year of ICH, MI, or stroke would progress to their respective post-complication state (PICH, PMI or PST).
Patients may stay in the state of HE, GIB, PICH, PMI or PST or transition into the terminal state of death. For
patients in the state of PMI or PST, they may revert to the state of MI or stroke if the complication recurred. Patients
in NSR state may transition into AF state as a result of AF recurrence after ablation or failure of AAD treatment,
and patients in AF state may transition into NSR state if they experience repeat ablations or crossover. We assumed
that no patients discontinue treatment prematurely [10].

Model input
Parameters for short-term decision tree model

Parameters for clinical outcomes and costs for short-term decision tree model were informed with the findings of
our real-world study. The observational study enrolled a total of 202 patients and 131 had paroxysmal AF and 71
had persistent AE. Of the study population, 149 underwent ablation using Al-guided ST catheter, which provides
real-time contact force data in combination with the Carto 3-dimensional electroanatomic mapping system and
53 were treated with AADs. By the end of 1-year follow-up, no procedure-related death and no AAD toxicity
were observed, and freedom of any arrhythmia was significant greater for STAI versus AADs therapy (87.60% vs
63.40%). A total of 4 cases of ischemic strokes occurred (2 in each group) and one case of heart failure observed in
AADs group.
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Figure 1. Diagrams of models. (A) Short-term model. (B) Long-term model.

AAD: Antiarrhythmic drug; AF: Atrial fibrillation; GIB: Gastrointestinal bleeding; HF: Heart failure; ICH: Intracranial
hemorrhage; MI: Myocardial infarction; NSR: Normal sinus rhythm; RFCA: Radiofrequency catheter ablation; PICH:
Post-intracranial hemorrhage; PMI: Post myocardial infarction; PST: Post stoke.
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Table 1. Base-case values and assumed distribution for the decision tree model.

Parameter Value Distribution Data source
The proportion of STAI operative survival 1.0000 Uniform RWS
The proportion of AAD toxicity 0.0000 Uniform RWS
The proportion of stroke among STAI patients at the first year 0.0130 Beta RWS
The proportion of stroke among AADs patients at the first year 0.0380 Beta RWS
The proportion of HF among STAI patients at the first year 0.0000 Uniform RWS
The proportion of HF among AADs patients at the first year 0.0190 Beta RWS
The proportion of AF among STAI patients at the first year 0.1224 Beta RWS
The proportion of AF among AADs patients at the first year 0.3451 Beta RWS
Total direct medical cost per patient of STAI ¥79,572 Lognormal RWS
Total direct medical cost per patient of AADs therapy ¥4428 Lognormal RWS

*RWS: Parameters for long-term Markov model were informed with the findings of our real-world study.
AAD: Antiarrhythmic drug; AF: Atrial fibrillation; HF: Heart failure; RWS: Real-world study; STAI: ThermoCool SmartTouch Catheter guided by Ablation Index.

From this real-world study, the total direct cost per patient of STAI and AADs therapy in 1 year was ¥79,564
and ¥4428, respectively. The cost of emergency room or urgent care visits were not included in our model due to
lack of data. Base-case parameters for the decision tree model are listed in Table 1.

Parameters for long-term Markov model

Base-case parameters for clinical outcomes and costs informing the long-term Markov model were extracted from
the literature and listed in Table 2. At the first year of simulation, the proportions of patients in the states of
NSR, AFE stroke and HF were identical to the corresponding states of the short-term model. The construction
of patient cohort was based on a retrospective 12-month follow-up study in usual care setting in China with
starting age of 60 years old and 60% being males as outlined in our previous publication (9. The annual risk of
ischemic stroke in patients on anticoagulant therapy while in AF state was estimated based on the clinical risk
stratification using CHA2DS2-VASc score as reported in a clinical trial and hazard ratio (HR = 1.87) in patients
with AF on anticoagulant therapy compared with patients in NSR [11,12]. Owing to the aging population, we took
into consideration of both background natural cause of death and risk of death attributable to AF or AF related
complications. The age- and gender-specific risk of other-cause mortality in the general population was obtained
from the 6th China national census data and the mortality risk of AF or AF related complications was derived
from the literature [13]. For probabilities of repeat ablation and crossover, additional confirmation was sought from
a panel of Chinese clinical experts. We assumed that clinical effectiveness for repeat ablation and crossover was
invariant from our real-world study.

Treatment and associated cost related to various health states extracted from literature were obtained from studies
conducted in Chinese clinical settings. All patients in the state of AF received new oral anticoagulants (NOACs:
rivaroxban and dabigtran) and the cost included both drugs and routine clinical monitoring. For patients who
experienced repeat ablations or crossovers, we assumed that they incurred the same annual cost as obtained in the
real-world study.

Sensitivity analyses
We conducted both one-way and probabilistic sensitivity analyses (OWSA and PSA) to assess which variables
had most influence on model output and robustness of the simulation. For first OWSA, where data available,
parameters were varied across the range of their 95% confidence intervals (Cls); otherwise, we assumed that the
standard deviation was 10% of the base case values and then calculated the 95% CI based on their assumed
distributions. As the time horizon in the long-term model was fairly arbitrary, in the second OWSA, we repeated
the base-case simulations with different time horizons varying from 5 years to 15 years.

For PSA, we conducted the Monte Carlo simulations with 1000 iterations, each time randomly sampling from
the distribution for all parameters simultaneously. We assumed lognormal distribution for the cost parameters and
beta distribution for variables expressed in percentage.

.... 10.57264/cer-2023-0035
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Table 2. Base case values, assumed distribution and data source for parameters in the Markov Model.
Parameter Value Distribution Data source Ref.

Health outcomes

Hazard ratio of stroke in AF state vs NSR state 1.8700 Lognormal Literature [12]
Annual long-term (>1 year) probability of AAD treatment failure 0.4400 Beta Literature [14]
Annual long-term (>1 year) probability of AF recurrence for STAl-treated patients 0.0528 Beta Literature [15]
Annual long-term (>1 year) probability of AAD toxicity 0.1680 Beta Literature [16]
Hazard ratio of HF in AF state vs NSR state 6.0100 Lognormal Literature [17]
Annual probability of HF in NSR state 0.0013 Beta Literature [18]
Hazard ratio of death in HF state vs NSR state 2.4900 Lognormal Literature [19]
Annual probability of ICH for NOACs users 0.0026 Beta Literature [20]
Annual probability of ICH in NSR state 0.0080 Beta Literature [21]
Hazard ratio of death in ICH state vs NSR state 7.4000 Lognormal Literature [9]
Hazard ratio of death in PICH state vs NSR state 2.1300 Lognormal Literature [22]
Annual probability of GIB for NOACs users 0.0129 Beta Literature [23]
Annual probability of GIB in NSR state 0.0058 Beta Literature [24]
Hazard ratio of death in GIB state vs NSR state 3.5000 Lognormal Literature [9]
Hazard ratio of death in Stroke state vs NSR state 7.4000 Lognormal Literature [9]
Hazard ratio of death in PST state vs NSR state 2.3000 Lognormal Literature [9]
Annual probability of Ml in NSR state 0.0017 Beta Literature [9]
Hazard ratio of death in Ml state vs NSR state 5.8400 Lognormal Literature [9]
Hazard ratio of death in PMI state vs NSR state 2.2100 Lognormal Literature [9]
Annual transition probability of from PMI state to Ml state 0.0546 Beta Literature [9]
Hazard ratio of Ml in AF state vs NSR state 1.5400 Lognormal Literature [9]
Annual probability of repeat ablation in AF state 0.3019 Beta Literature and [25]
verified by KOLs
Annual probability of crossover in AF state 0.3564 Beta Literature and [26]
verified by KOLs
Annual probability of AF recurrence after repeat ablation or crossover 0.1240 Beta RWS /
Costs
Annual long-term (>1 year) cost of AADs therapy ¥3000 Lognormal Literature [27]
Annual long-term (>1 year) cost of NOACs therapy ¥8188 Lognormal Literature [27]
Annual management cost of AAD toxicity ¥551 Lognormal Literature [27]
Total direct medical cost in HF state ¥15,763 Lognormal Literature [28]
Total direct medical cost in ICH state ¥44,627 Lognormal Literature [9,29]
Annual management cost in PICH state ¥2913 Lognormal Literature [27]
Total direct medical cost in GIB state ¥13,276 Lognormal Literature [27,30]
Total direct medical cost in Ml state ¥50,900 Lognormal Literature [9,31]
Annual management cost in PMI state ¥1125 Lognormal Literature [9]
Total direct medical cost in Stroke state ¥26,613 Lognormal Literature [32]
Annual management cost in PST state ¥3912 Lognormal Literature [27]
Total direct medical cost of crossover or repeat ablation ¥79,564 Lognormal RWS /
Annual cost in NSR state ¥0 / / /
Annual cost in Death state ¥0 / / /

TKOL indicates Key Opinion Leaders.

*RWS: Parameters for Markov model were informed with the findings of our real-world study.

AAD: Antiarrhythmic drug; AF: Atrial fibrillation: HF: Heart failure; ICH: Intracranial hemorrhage; GIB: Gastrointestinal bleeding; MI: Myocardial infarction; NSR: Normal sinus
rhythm; NOAC: New oral anticoagulant; RWS: Real-world study; STAI: ThermoCool SmartTouch Catheter guided by Ablation Index; PICH: Post-intracranial hemorrhage; PMI: Post
myocardial infarction; PST: Post stoke.
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Table 3. Base case results.

Consequences (at the 10th year) STAI Group AADs Group Difference

Clinical outcomes (prevalence)

AF 12.84% 38.67% 25.83%
HF 1.33% 3.55% 2.22%
Stroke and PST 10.00% 11.82% 1.82%
Death due to AF or AF related complications 411% 4.75% 0.64%
Costs

Total Cost ¥123,124 ¥139,806 ¥16,682
Cost due to AF ¥115,551 ¥129,410 ¥13,859
Cost due to HF ¥678 ¥3099 ¥2421
Cost due to Stroke and PST ¥3915 ¥5302 ¥1387

AAD: Antiarrhythmic drug; AF: Atrial fibrillation; HF: Heart failure; PST: Post stoke; STAI: ThermoCool SmartTouch Catheter guided by Ablation Index.

Scenario analysis

To conform to most health economic models published in this area, we omitted repeat ablations and crossovers in
this scenario analysis. In this scenario, all health and cost consequences in the model were directly associated with
the initial therapy modalities.

Results

Base case analysis

Findings of this cost consequence analysis are shown in Table 3. The model projected, compared with AADs group,
STAI group was advantageous on all 4 main clinical outcomes evaluated. By end of 10th year, it was estimated that
AF was 25.83% lower in STAI group versus AADs group (12.84% vs 38.67%). Similarly, in STAI group, HF was
2.22% lower (1.33% vs 3.55%), stroke or post stroke was 1.82% lower (10.00% vs 11.82%) and death due to AF
and AF related complications was 0.64% lower (4.11% vs 4.75%) compared with AADs group.

On the cost front, the Markov model projected that STAI group incurred lower overall medical costs compared
with AADs group in the long term; the average total cost per patient in STAI group was estimated to be ¥16,682
lower than that of AADs group (¥123,124 vs ¥139,806). The cost breakdown showed that the total cost savings
in the STAI group came primarily from the lower risk of AF episodes — the STAI group saved ¥13,859/patient
associated with AF status compared with the AADs group.

Sensitivity analysis

OWSA

Results of the first OWSA are illustrated in the tornado diagram (Figure 2). The difference in total cost per patient
between the two groups was most sensitive to long-term (>1 year) annual probability of AAD treatment failure
and annual cost of NOAC:s therapy. In addition, the incremental cost was also sensitive to the total direct medical
cost of STAI, discount rate, and annual probability of crossover.

The second OWSA on varying time horizons (5-15 years) indicated that AAD treatment had cost advantage
up to 7 years post treatment but the cost advantage reversed in favor of RFCA with the increased time horizon of
8 years or longer. The cost savings associated with RFCA was continuously enlarged with a longer time horizon
(Figure 3).

The result of PSA (Figure 4) showed that by the end of 10th year, there was a probability of 98.5% that treatment
with STAI could result in cost savings, indicating that our results are robust.

Scenario analyses

In the scenario analysis, similar to most prior health economic research in this area, we assumed that no crossover
or repeat ablation was allowed. As a result, more prominent clinical advantages were projected for STAI group. By
the 10¢h year, compared with AADs group, patients in STAI group had an estimated 35.76% lower AF (33.89%
vs 69.65%), 5.83% lower strokes (13.21% vs 19.04%), 3.97% lower HF (2.21% vs 6.18%), and 1.93% lower
deaths attributable to AF or AF related complications (4.67% vs 6.60%).

.... 10.57264/cer-2023-0035
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First one-way sensitivity analysis (95% ClI)
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Figure 2. First one-way sensitivity analysis — incremental cost (per patient) between STAI and antiarrhythmic drug
groups.

Only variations with impact on the base case result are shown in the chart.

*Each parameter varied across the range of their 95% confidence intervals (Cls); if the 95% Cl of the parameter was
not available, we assumed that the standard deviation was 10% of the base case values and then calculated the 95%
Cl based on their assumed distributions.

AADs: Antiarrhythmic drugs; AF: Atrial fibrillation; HF: Heart failure; NOACs: New oral anticoagulants; STAI:
ThermoCool SmartTouch Catheter guided by Ablation Index.

Second one-way sensitivity analysis
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Figure 3. Second one-way sensitivity analysis — incremental costs (per patient) between STAI and antiarrhythmic
drug groups (varying time horizon).
Only variations with impact on the base case result are shown in the chart.
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Probabilistic sensitivity analysis
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Figure 4. Probabilistic sensitivity analysis — incremental cost (per patient) between STAI and antiarrhythmic drug
groups.

Discussion

Results from our analysis indicated that, despite a higher upfront cost, first-line treatment for paroxysmal or
persistent AF using ablation with STAI, when compared with drug therapy, could result in better clinical outcomes
at lower costs over a 10-year horizon.

Our model projected that STAI treatment was associated with estimated reductions of 25.83% in AF recurrence,
2.23% in HF incidence, 1.82% in stroke incidence, and 0.64% in mortality due to AF or AF related complications.
In addition, the STAI group accrued total cost savings of ¥16,682/patient over ten years, compared with the AADs
group, mainly due to savings in treatment costs from lower incidence of AF episodes in the STAI group. Analyses
with varying time horizons showed that total costs were lower with drug therapy in the earlier years of treatment,
but the cost advantage reversed in favor of RFCA once the time horizon was extended to eight years or longer.

To our knowledge, this study is the first health economic evaluation using a cost-consequence approach to
compare two common strategies for first-line treatment of AFE i.e., STAI and AAD therapy. Chinese healthcare
system is characterized by a predominantly public healthcare market on both the provider and payer side. Our
research is conducted from the perspective of the healthcare system; as such, our results could provide rationale
for payers to make informed choice in their consideration of insurance coverage. In addition, by employing a
cost-consequence framework, our study allows for considering various costs and health outcomes according to local
contexts and priorities. This approach provides intuitive and valuable insights to various decision makers, including
payers who are responsible for reimbursement decisions, as well as hospital administrators and clinicians who are
engaged in procurement and AF treatment process. However, it should be acknowledged that our real-world data
was based on a single-center study, which may not be representative of standard of care and costs in hospitals of
other regions.

Results from our study are qualitatively consistent with previously published model-based economic evaluations.
Two health economic studies compared the cost—effectiveness of RECA with drug therapy from the perspective of
third-party healthcare payers in China. Du ¢f a/. structured a 12-month short-term decision tree model leading to
a Markov model that simulated long-term treatment outcomes and costs [27]. Similar to our study, the short-term
model was populated with data from a prospective observational study, in which ST catheters were used but they
were not guided with Al Nevertheless, their study showed that the incremental cost—effectiveness ratio (ICER)

Research Article

a‘&Becans

10.57264/cer-2023-0035



Research Article

Zhang, Han, Zhou et al.

of RFCA versus AADs was ¥606,764, ¥36,280, and ¥29,359 per QALY at time horizons of 8, 15, and 20 years,
respectively. The authors concluded that ablation treatment was cost-effective over the long-term. Hu ez a/. applied
discrete event simulation to evaluate the lifetime cost—effectiveness of first-line treatment using STAI, second-
generation of cryoballoon ablation (CB2), or AADs [33]. The main clinical parameters populating this model were
derived from a meta-analysis of global clinical trials. The model projected ICERs of $5927 per QALY for STAI
versus AADs and $12,167 per QALY for CB2 versus AADs, with both ablation technologies being considered
cost-effective relative to AADs. The major difference between our study and the prior economic assessments of AF
ablation is the explicit incorporation of possible repeat ablations and crossover treatment. When considering these
factors in real clinical practice, our research indicates that, compared with AADs, STAI as first-line AF treatment
is the dominant strategy in the long term.

There are a number of cost—effectiveness evaluations of RECA versus AADs in several other countries, including
Canada, UK, US, and Sweden [34-41]. Despite variations in modeling approaches, assumptions, patient populations,
standards of care, cost of ablation procedures relative to other medical services, and willingness-to-pay thresholds,
among other factors, these studies agree that RFCA is a cost-effective alternative to AAD therapy. In addition,
the base-case results of the Swedish study indicated that RECA could reduce costs and improve patient outcomes
as measured by QALYs. Unlike AAD treatment, the cost for RFCA is front-loaded. As expected, studies which
examined the impact of different time horizons found that longer time horizons consistently yielded more favorable
ICERs.

Several design features in our study are worth mentioning. First, the bulk of prior health economic evaluations
of RFCA versus drug therapy focused on AF patients who were refractory to at least one AAD, i.e., these studies
assessed RFCA as a second-line treatment, largely reflecting the then prevailing clinical guidelines and available
clinical trial evidence [42,43]. It is worth noting that the latest guidelines by the European Society of Cardiology
suggest that catheter ablation can be used for patients with proximal AF without the prerequisite AAD treatment
failure [44,45].

Second, our model included both direct medical costs and one-year clinical outcomes of STAI and AAD therapy
in real-world clinical practice in China, while previous economic evaluations set in China were based on data
of early-generation ablation technologies or global clinical practice. The results of our real-world study suggested
that, STAI was associated with higher arrhythmia-free survival at one year, which is consistent with findings from
several previous studies. Therefore, this real-world study confirms enhanced clinical effectiveness of STAI in clinical
practice in China. In addition, this study is the first in China to account for treatment crossovers and repeat
ablations as part of the base-case scenario. In scenarios where these practices were omitted, the model projected
better clinical outcomes for STAI treatment than the base-case scenario. Although both treatment crossovers and
repeat ablations are frequent in clinical practice, most prior health economic research did not account for these
practices and examine their impact on cost—effectiveness. We believe that this study can better support policy
decision-making by reflecting routine clinical practice more comprehensively.

Our study has several limitations. First, the results from the real-world study that informed the short-term
model were based on a single center study with a relatively small sample size. As a result, we did not observe any
procedure-related complications, deaths, or severe AAD-related drug toxicity events. However, we incorporated
the risk of AAD-related toxicity in the long-term model, as effective drug therapy requires taking medications
for a prolonged period. These results from a single center may not be representative of current practice in other
regions of China. Secondly, the incidence of arrhythmia recurrence may have been underestimated, particularly for
patients with sporadic arrhythmia episodes, as routine follow-up visits were impacted by the coronavirus epidemic.
In addition, the cost outcome in our study was sensitive to the probability of treatment crossover, which likely varies
considerably across countries. Owing to the lack of real-world data in this regard in China, we relied on statistics
reported from global studies, which were validated by local clinical experts. Finally, our study did not consider
patient quality of life as a clinical outcome. Multiple studies have shown that ablation treatment greatly improves
patients’ quality of life. Incorporating health utility measures could potentially lead to even more favorable results
for STAI relative to AAD treatment [46-49].

Conclusion

Radiofrequency catheter ablation using SmartTouch catheter guided by Ablation Index was superior to antiarrhyth-
mic drugs as the first-line AF treatment in Chinese setting with better clinical outcomes and at lower costs over a
10-year time horizon.
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Summary points

e This study simulated clinical and economic consequences for atrial fibrillation (AF) patients initially receiving
ThermoCool SmartTouch Catheter guided by Ablation Index (STAI) or antiarrhythmic drugs (AADs) using a
short-term decision tree model leading to a 10-year long-term Markov model from Chinese healthcare system
perspective.

e Our model reflected routine clinical practice by taking into consideration of possible repeat ablations in some
patients who underwent radiofrequency catheter ablation (RFCA) but experienced AF recurrence later. In
addition, among patients who failed AAD treatment may cross over to ablation treatment.

e The model was built on the Chinese real-word study and one-year clinical outcome and costs were collected in
this real-world study, which informed the model parameters.

e The real-world study was a single center, prospective, observational study at a tertiary care hospital in China in
patients newly diagnosed with paroxysmal or persistent AF and who were eligible to receive RFCA using
Al-guided ST catheter or AADs therapy.

e From this real-world study, the total direct cost per patient of STAl and AADs therapy in 1 year was ¥79,564 and
¥4,428, respectively.

e From this real-world study, by the end of 1-year follow-up, no procedure-related death and no AAD toxicity were
observed, and freedom of any arrhythmia was significant greater for STAI versus AADs therapy (87.60% vs
63.40%). A total of 4 cases of ischemic strokes occurred (2 in each group) and one case of heart failure observed
in AADs group.

e By end of 10th year, it was estimated that AF was 25.83% lower in STAI group versus AADs group (12.84% vs
38.67%). Similarly, heart failure (HF) was 2.22% lower (1.33% vs 3.55%), stroke or post stroke was 1.82% lower
(10.00% vs 11.82%) and death due to AF and AF related complications was 0.64% lower (4.11% vs 4.75%)
compared with AADs group.

e The average total cost per patient in STAI group was estimated to be ¥16,682 lower than that of AADs group
(¥123,124 vs ¥139,806). The cost breakdown showed that the total cost savings in the STAI group came primarily
from the lower risk of AF episodes.

e The incremental cost was most sensitive to long-term (>1 year) annual probability of AAD treatment failure and
annual cost of NOACs therapy.

e Varying time horizons (5-15 years) indicated that AAD treatment had cost advantage up to 7 years post
treatment but the cost advantage reversed in favor of RFCA with the increased time horizon of 8 years or longer.
The cost savings associated with RFCA was continuously enlarged with a longer time horizon.

e The study findings were limited by, among others, model input from a local real-world study which was based on
a single center study and had a relatively small sample size.
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