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Background: As healthcare costs are increasingly being shifted from payers to patients, it is important to understand the economic 
consequences of therapeutic strategies to both payers and patients.
Objective: To determine the relative costs to Medicare and Medicare beneficiaries (patients) of warfarin, non-vitamin K oral 
anticoagulants (NOACs), and left atrial appendage closure (LAAC) for stroke risk reduction in nonvalvular atrial fibrillation.
Methods: An economic model was developed to assess costs at 5 and 10 years. For warfarin and NOACs, inputs were derived from 
published meta-analyses; for LAAC with the Watchman device, inputs were derived from pooled 5-year PROTECT AF and PREVAIL 
trial results. The model captured therapy costs vs clinical event costs, including procedural complications and follow-up clinical 
outcomes. Costs were based on 2023 Medicare reimbursement and copayment rates.
Results: At 10 years, overall LAAC costs ($48,337) were lower than those of NOACs ($81,198) and warfarin ($52,359). Overall 
LAAC costs were lower than those of NOACs by year 5 and warfarin by year 9. At 5 years, patient LAAC costs were lowest at $4,764, 
compared to $7,146 and $6,453 for NOACs and warfarin, respectively. LAAC patient costs were lower than those of NOACs by year 3 
and warfarin by year 4. Clinical events comprised 96% of overall warfarin costs vs 48% for LAAC and 40% for NOACs.
Conclusion: LAAC yielded the lowest overall and patient costs. Warfarin costs were largely driven by clinical events, which may 
represent an unplanned financial burden for patients. These considerations should be incorporated into shared decision-making 
discussions about stroke prophylaxis strategies.
Keywords: economic analysis, medicare, patient, warfarin, NOACs, watchman

Introduction
Approximately 2.7 to 6.1 million adults in the United States have atrial fibrillation (AF), a number expected to at least 
double by 2030.1–3 AF increases stroke risk, particularly in elderly patients. The prevalence of AF is increasing at a rate 
of 5% each year in the Medicare population, and the estimated annual stroke rate is over 2% among Medicare 
beneficiaries with AF.4,5 Treating AF patients costs the US healthcare system about $26 billion annually, and AF- 
related strokes account for nearly half of Medicare spending for AF.6,7

Stroke risk reduction in AF can be achieved with oral anticoagulants (OACs) such as warfarin and non-vitamin K oral 
anticoagulants (NOACs).8–12 However, OACs are associated with increased bleeding risk and substantial patient non- 
adherence rates, which may lead to stroke.13 The 2019 AHA/ACC/HRS AF guidelines recommended percutaneous left 
atrial appendage closure (LAAC) with the Watchman device as a nonpharmacological stroke prevention approach.14 

Watchman is indicated for patients with non-valvular AF (NVAF) at increased risk for stroke and systemic embolism, 
suitable for short-term warfarin, but with an appropriate rationale to avoid lifelong anticoagulation.15 Studies have shown 
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LAAC is non-inferior to warfarin for ischemic stroke risk reduction, and superior for hemorrhagic stroke risk reduction 
and disabling/fatal stroke, major bleeding, and all-cause mortality prevention.16–19

Most AF patients are over 65-years-old and thus eligible for Medicare.20 Although Medicare covers a wide range of 
healthcare services, patients still face significant financial burden (premiums, cost-sharing, and uncovered services), with 
no out-of-pocket limit. Patients may face even higher out-of-pocket costs for prescription drugs. In 2013, half of all 
Medicare patients spent at least 14% of their total income on out-of-pocket healthcare costs.21 Stroke patients have 
reported even higher cost burdens, equivalent to 22% of their total income.22 Thus, as costs are shifted from payers to 
patients, patients should be informed of the out-of-pocket cost implications of their treatment regimens.

Previous research demonstrated both NOACs and LAAC were cost-effective relative to warfarin, and LAAC was 
cost-effective relative to NOACs.23,24 To further assist payers, physicians, and patients in shared decision-making, this 
study evaluated the relative costs of warfarin, NOACs, and LAAC for stroke risk reduction in NVAF using published 
meta-analyses for (N)OACs and pooled 5-year data from the PROTECT AF and PREVAIL clinical trials for LAAC.16–18

Materials and Methods
An economic model was developed to assess the costs of adjusted-dose warfarin, NOACs as a class, and LAAC with 
Watchman. The model was constructed in Microsoft Excel (Microsoft, Redmond, WA) using 1-year cycles to investigate 
the costs to Medicare and patients at 5 and 10 years.

Population
The model assumed patients to be 70-years-old with NVAF, a CHA2DS2-VASc score of 4.0 (annual stroke risk of 4.8%), 
and a modified HAS-BLED score of 1.98 (annual bleeding risk of 1.88%).16–18

Model Structure and Clinical Pathways
Patients were assigned to either warfarin, NOACs, or LAAC (Figure 1). In total, 92.5% of LAAC patients experienced 
a successful procedure.15 LAAC patients faced one-time procedure-related risks of ischemic stroke resulting from air 
embolism (0.82%), major bleeding (0.55%), pericardial effusion (3.69%), device embolization (0.68%) and device- 
related thrombus (DRT; 3.80%). Successfully implanted patients were assumed to receive warfarin for 45 days, aspirin 
plus clopidogrel from 46 days to 6 months, and aspirin thereafter.16,17 Non-successful patients were assumed to continue 
warfarin therapy and incurred the costs of the procedure and continued medication. Patients receiving warfarin or 
NOACs could discontinue therapy for a bleeding event or for non-clinical reasons. Patients discontinuing primary drug 
therapy were assumed to switch to aspirin.9–11,25–28 Those discontinuing aspirin therapy received no therapy.

All patients were assumed to be well, or in normal good health, upon entering the model. At the end of each cycle, 
individuals could transition from well to ischemic stroke, transient ischemic attack (TIA), systemic embolism, hemor-
rhagic stroke, major bleeding, or death. Stroke outcomes were classified as: nondisabling, moderately disabling, severely 
disabling, or fatal. All events, except TIA and DRT, could lead to death.

Clinical Inputs and Stroke Outcomes
Clinical inputs were from several sources (Table 1). For warfarin and NOACs, the adverse event risks were derived from 
meta-analyses, AF stroke prevention clinical studies, and a health economic analysis.9,11,29–32 Two clinical scenario analyses 
were also conducted to assess the impact of varying warfarin and NOAC clinical event rates to consider outcomes reported 
by alternative sources. In the first scenario, a higher warfarin and NOAC major bleeding rate, reflecting pooled outcomes of 
four randomised trials, was explored (Scenario 1).33 In the second scenario, a higher proportion of non-disabling warfarin 
stroke outcomes, as determined by the PREVAIL and PROTECT AF trials, was evaluated (Scenario 2).18 Clinical inputs used 
in these scenario analyses are displayed in Table 1 and Table 2, respectively.

For LAAC, procedural complications and post-procedural event probabilities were from pooled PROTECT AF and 
PREVAIL trials at 5-year follow-up. The risk of DRT following LAAC was derived from a meta-analysis of randomised 
and observational studies.34 Relative risks of stroke and bleeding were used to apply a standard efficacy estimate to the 
derived baseline risks.18
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The baseline stroke risk was estimated based on CHA2DS2-VASc scores, converted from the CHADS2 scores 
prospectively collected during PROTECT AF and PREVAIL.16,17 The baseline bleeding risk was calculated as 
a weighted mean of modified HAS-BLED scores from PROTECT AF and PREVAIL. Table 2 displays stroke outcomes 
and resulting disability.

Stroke outcomes were assigned using the modified Rankin score (mRS). Four trials were used to calculate a weighted 
average of warfarin stroke outcomes.25,26,35,36 For NOACs, the nondisabling stroke rate was taken from two of the four 
pivotal trials.9,11 Since only nondisabling stroke was reported in the NOAC trials, disabling and fatal strokes were 
inversely calculated and the distribution of moderately disabling, severely disabling, and fatal strokes were assumed to be 
the same as for warfarin. LAAC stroke outcomes were derived from pooled PROTECT AF and PREVAIL 5-year data.18

Cost Inputs
Costs were evaluated from the Medicare and Medicare beneficiary (patient) perspectives. The model captured the costs of 
therapy and associated events, including procedural complications and follow-up strokes and bleeds. Stroke costs 
included acute care and long-term disability; depending on stroke severity, patients could receive either inpatient or 
outpatient post-acute rehabilitation.37–40 A NOAC cost scenario analysis was conducted to assess the impact on Medicare 
and patient outcomes if a NOAC generic alternative were to become available (Scenario 3). Table 3 summarizes the 
sources used to derive costs. All costs were in 2023 US dollars.

Medicare Costs
Medicare costs were based on 2023 US diagnosis-related group (DRG) reimbursement rates for acute admissions, case 
mix group (CMG) values for inpatient rehabilitation costs following a stroke, and current procedural terminology (CPT) 
reimbursement rates for outpatient service costs.41,42,46,47 Medicaid was assumed to be the primary payer of long-term 

Figure 1 Model Schematic Depicting Warfarin, NOAC, and LAAC Patient Pathways. Patients enter the model one at a time and are assigned to a treatment pathway with 
the associated risk of therapy discontinuation or procedural complications. Patients are exposed to the risks of complications for the duration of the model time horizon. 
*All patients are at risk of death except for patients with transient ischemic attack. However, patients with moderately or severely disabling stroke are at an increased risk of 
death. 
Abbreviations: LAAC, left atrial appendage closure; NOAC, non-vitamin K oral anticoagulant.
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stroke disability costs.49 The LAAC procedure cost was calculated as a weighted average of two DRGs for percutaneous 
intracardiac procedures (273 and 274), plus two transesophageal echocardiograms (TEE). Warfarin costs were calculated 
from US pharmaceutical wholesale acquisition costs and reimbursement rates for CPT codes related to international 
normalized ratio (INR) monitoring.43,44 NOAC costs were calculated as an average of US wholesale acquisition costs for 
four approved drugs: dabigatran (150mg), rivaroxaban, apixaban, and edoxaban.44 For the NOAC cost scenario analysis, 
a 20% Medicare cost reduction was assumed if a NOAC generic alternative were to become available (Scenario 3).45

Table 1 Clinical Inputs Derived from Meta-Analyses and Pivotal Trials

Value Range Source

LAAC – Clinical trial-based procedural events

Implantation success 92.50% 85.0%-100.0% [15]

Procedural risk of ischemic stroke 0.82% 0.66%-0.98% [15]
Procedural risk of major bleeding 0.55% 0.44%-0.66% [15]

Procedural risk of pericardial effusion requiring 

intervention

3.69% 2.95%-4.43% [15]

Procedural risk of device embolization 0.68% 0.54%-0.82% [15]

LAAC – Annual risk of post-procedural events

Ischemic stroke 1.47% 1.17%-1.76% [16]
Percent of ischemic stroke that are TIA 28.00% 22.4%-33.6% [30]

Hemorrhagic stroke 0.12% 0.09%-0.15% [18]

Major bleeding 0.66% 0.53%-0.79% [18]
Systemic embolism 0.10% 0.08%-0.12% [18]

Minor bleeding 1.90% 1.52%-2.28% [18]

Incident risk of device-related thrombus in the 1st year 3.80% 3.04%-4.56% [34]

Warfarin - Annual risk of events

Ischemic stroke 1.14% 0.79%-1.59% [29]

Percent of ischemic stroke that are TIA 28.00% 22.40%-33.60% [30]

Hemorrhagic stroke 0.79% 0.63%-0.94% [33]
Major bleeding 1.09% 0.88%-1.31% [31]

Major bleeding – Scenario analysis 1 3.01% – [33]

Systemic embolism 0.11% 0.09%-0.11% [9,11]
Minor bleeding 7.70% 0.80%-16.40% [29,31]

All-cause mortality 4.80% 3.84%-5.76% [31]

Adherence to therapy - Year 1 continuation 92.00% 73.60%-100.00% [25,26,35,36]
Adherence to therapy - Year 2 continuation 84.00% 67.20%-100.00% [25,26,35,36]

NOACs

Ischemic stroke 1.05% 0.95%-1.16% [33]

Percent of ischemic stroke that are TIA 28.00% 22.40%-33.60% [30]
Hemorrhagic stroke 0.38% 0.31%-0.46% [33]

Major bleeding 1.37% 1.10%-1.64% [33]

Major bleeding – Scenario analysis 1 1.62% - [33]
Systemic embolism 0.10% 0.09%-0.11% [33]

Minor bleeding 8.70% 7.00%-10.40% [29,31]

All-cause mortality 3.64% 2.91%-4.37% [33]
Adherence to therapy - Year 1 continuation 84.70% 67.76%-100.00% [29,31]

Adherence to therapy - Year 2 continuation 79.00% 63.20%-94.80% [29,31]

Note: Values are risk percentages, calculated from relative risk to warfarin (LAAC post-procedural events and NOACs) or no therapy 
(warfarin). 
Abbreviations: LAAC, left atrial appendage closure; NOACs, non-vitamin K oral anticoagulants; TIA, transient ischemic attack.
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Table 2 Stroke Outcomes by Severity

Stroke Outcome LAAC Warfarin Warfarin – 
Scenario Analysis 2

NOAC

Nondisabling stroke (mRS 0–2) 75.0%18 24.0%25,26,35,36 44.4%18 44.0%9,11

Moderately disabling stroke (mRS 3) 2.8%18 29.0%25,26,35,36 21.2%** 21.4%*

Severely disabling stroke (mRS 4–5) 16.7%18 35.0%25,26,35,36 25.6%** 25.8%*
Fatal stroke (mRS 6) 5.6%18 12.0%25,26,35,36 8.8%** 8.8%*

Notes: *NOAC stroke outcomes were assumed to have the same distribution as warfarin across mRS 3–6. **Fatal, moderately disabling, and severely 
disabling warfarin stroke outcomes were assumed to have the same ratio of distribution as the base case. 
Abbreviations: LAAC, left atrial appendage closure; mRS, modified Rankin score; NOAC, non-vitamin K oral anticoagulant.

Table 3 Cost Inputs

Medicare 
Costs

Beneficiary 
Costs

Codes/Source

Treatment costs

LAAC procedure + 2x TEEs $18,880 $1,364 DRG 273/274 + CPT 9331241,42

Warfarin + INR monitoring $288 $545 Cost of Warfarin + CPT 993792 + CPT 93793 (x3) + CPT 
85610 (x17)43,44

NOACs (annual) $5,110 $1,862 [45]

NOAC generic alternative $4,088 $1,490 20% reduction
Clopidogrel $61 $45 [45]

Acute costs

Ischemic stroke - Fatal $11,867 $1,364 DRG 06241

Ischemic stroke - Severe $50,152 $1,876 DRG 061+CMG 108–11041,46

Ischemic stroke - Moderate $34,828 $1,876 DRG 062+CMG 105–10741,46

Ischemic stroke - Nondisabling $25,220 $1,364 DRG 063+CMG 101–10441,46

TIA $4,674 $1,364 DRG 06947

Hemorrhagic stroke - Fatal $11,412 $1,364 DRG 06447

Hemorrhagic stroke - Severe $44,178 $1,876 DRG 064+CMG 108–11041,46

Hemorrhagic stroke - Moderate $29,259 $1,876 DRG 065+CMG 105–10741,46

Hemorrhagic stroke - Nondisabling $19,717 $1,364 DRG 066+CMG 101–10441,46

Major bleed $6,046 $1,364 DRG 37847

Minor bleed $425 $85 CPT 4297043

Systemic embolism $5,487 $1,364 DRG 06841

Pericardial effusion $830 $0 CPT 3302543

Device embolism $1,456 $0 CPT 3415143

Device-related thrombus $854 $0 Treatment cost of 2 months of NOACs post-DRT44

Long-term costs

Post-acute care for nondisabling stroke in 

first year of stroke*

$10,192 $2,038 Physical and occupational therapy 3x per week for 12 weeks

Annual cost of severely disabling stroke † $82,710 $48,000 [40,48]

Annual cost of moderately disabling stroke † $50,798 $18,720 [40,48]

Annual cost of nondisabling stroke after 
first year of stroke

$547 $4,004 [40,48]

Notes: *Based on expert opinion input. †In the year the stroke occured, 11 months of the annual disability cost was applied. 
Abbreviations: LAAC, left atrial appendage closure; NOACs, non-vitamin K oral anticoagulants; TIA, transient ischemic attack; TEE, transesophageal echocardiography; 
INR, international normalized ratio.
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Patient Costs
Patient costs were derived from 2023 Medicare deductibles and coinsurance rates.42 A $1,600 deductible was assumed 
for inpatient admissions. For moderate or severe strokes, the model assumed a deductible plus a $200 per day copayment 
for three days in a skilled nursing facility. A 20% coinsurance was assumed for outpatient services. As out-of-pocket drug 
costs vary geographically, average costs from the four states with the largest percentage of Medicare beneficiaries (CA, 
FL, NY, PA) were used. Annual long-term costs of severe and moderate strokes were based on a national provider 
survey.40 For the NOAC cost scenario analysis, the same 20% reduction was applied to patient costs if NOACs became 
generic.

Sensitivity Analysis
One-way sensitivity analyses were performed to assess the impact of parameter uncertainty on model results and to 
examine model robustness. Clinical inputs were varied within 95% confidence intervals (CIs), where available, and by 
±20% where CIs were not published. Stroke outcomes and cost inputs were varied by ±20%.

Results
Medicare Cost Outcomes
In the early years following implantation, LAAC was more costly to Medicare than warfarin and NOACs, as expected 
due to the upfront procedure cost (Figure 2). LAAC per-patient costs were 11% higher compared to warfarin at 10 years 
($38,869 vs $34,937) (Figure 3). Warfarin costs were driven by higher expenditures on clinical events (95% of Medicare 
costs) while LAAC costs were driven by higher upfront procedure costs (60% of Medicare costs). LAAC became less 
costly to Medicare than NOACs at year 5, with total savings of $25,807 per patient at year 10. NOACs were 85% more 
costly to Medicare than warfarin at 10 years ($64,676 vs $34,937). The higher costs of NOACs were due primarily to 
therapy costs (66% of Medicare costs).

Patient Cost Outcomes
From the patient perspective, LAAC costs were lower than warfarin costs in year 4 and NOAC costs in year 3 (Figure 4). 
At year 5, LAAC costs ($4,764) were 33% lower than NOAC costs and 26% lower than warfarin costs, making LAAC 
the least costly therapy option (Figure 5). Total out-of-pocket costs for warfarin patients were $17,423 at year 10, making 

$0

$10,000

$20,000

$30,000

$40,000

$50,000

$60,000

$70,000

1 2 3 4 5 6 7 8 9 10

Year

LAAC Warfarin NOAC

Figure 2 Cumulative Per-Patient Medicare Costs. Shown are cumulative 10-year per-patient costs to Medicare. Warfarin costs were lower than NOAC costs throughout. 
LAAC costs were lower than NOAC costs by year 5 and warfarin costs by year 12. 
Abbreviations: LAAC, left atrial appendage closure; NOAC, non-vitamin K oral anticoagulant.
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warfarin the costliest therapy option to patients, compared to LAAC ($9,468) and NOACs ($16,522). Cumulative clinical 
event expenditures incurred by patients at year 10 were the highest with warfarin ($16,835; 97% of patient costs), 
compared to NOACs ($10,482; 63% of patient costs) and LAAC ($7,700; 81% of patient costs) (Table 4).
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Figure 4 Cumulative Per-Patient Out-of-Pocket Costs. Shown are cumulative 10-year per-patient costs. At 10 years, cumulative warfarin patient costs were higher than 
LAAC and NOAC patient costs. LAAC patient costs were lower than those of NOACs by year 3 and warfarin by year 4. 
Abbreviations: LAAC, left atrial appendage closure; NOAC, non-vitamin K oral anticoagulant.

Figure 3 Average Medicare Costs at 10 Years. Shown are Medicare costs per patient at 10 years, sub-divided by therapy and clinical event costs. LAAC and warfarin costs 
were similar, and both were lower than the cost of NOACs ($25,807 and $29,739 savings, respectively). Clinical event costs comprised 95% of warfarin costs versus 40% for 
LAAC and 34% for NOACs. 
Abbreviations: LAAC, left atrial appendage closure; NOAC, non-vitamin K oral anticoagulant.
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Overall (Medicare + Patient) Cost Outcomes
For overall (Medicare + patient) costs, LAAC was less costly than NOACs by year 5 and warfarin by year 9 (Figure 6). 
At 10 years, LAAC was the least costly treatment overall ($48,337), with costs being 8% lower than warfarin costs 
(savings of $4,022) and 40% lower than NOAC costs (savings of $32,861) (Table 4). Clinical events comprised 96% 
($50,124) of overall warfarin costs versus 40% ($32,493) of NOAC costs and 48% ($23,100) of LAAC costs (Table 4, 
Figure 7). At 10 years, the overall clinical event expenditure as a result of severe disability due to stroke was the highest 
with warfarin ($30,884), compared to LAAC ($16,759) and NOACs ($18,787) (Figure 7).

Scenario Analysis Results
Clinical and cost inputs were varied in three scenario analyses. Scenario 1 explored the impact of higher major bleeding 
rates for warfarin and NOACs. This resulted in an increase in Medicare and patient costs by 2.7% and 1.4% for warfarin, 

Figure 5 Average Patient Out-of-Pocket Costs at 5 Years. Shown are average patient costs at 5 years, sub-divided by therapy and clinical event costs. LAAC patient costs 
were 33% lower ($2,382 savings) than those of NOACs and 26% lower ($1,689 savings) than those of warfarin. Clinical event costs comprised 95% of overall warfarin costs 
versus 64% and 51% of overall LAAC and NOAC costs, respectively. 
Abbreviations: LAAC, left atrial appendage closure; NOAC, non-vitamin K oral anticoagulant.

Table 4 Cumulative Total and Sub-Divided Costs at 5 and 10 Years

5 Years 10 Years

LAAC Warfarin NOAC LAAC Warfarin NOAC

Medicare Therapy $23,327 $964 $24,651 $23,468 $1,648 $42,665

Clinical Events $6,696 $12,935 $8,436 $15,400 $33,289 $22,011

Total $30,023 $13,899 $33,088 $38,869 $34,937 $64,676

Patient Therapy $1,717 $344 $3,490 $1,768 $588 $6,041

Clinical Events $3,047 $6,110 $3,656 $7,700 $16,835 $10,482

Total $4,764 $6,453 $72,146 $9,468 $17,423 $16,522

Overall Total $34,786 $20,353 $40,234 $48,337 $52,359 $81,198
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Figure 6 Cumulative Overall (Medicare + Patient) Costs. Shown are the cumulative total (Medicare + patient) per patient costs over 10 years. LAAC becomes less costly 
than NOACs by year 5 and warfarin by year 9. 
Abbreviations: LAAC, left atrial appendage closure; NOAC, non-vitamin K oral anticoagulant.

Figure 7 Cumulative Overall (Medicare + Patient) Costs Attributed to Treatment and Event Costs. Shown are overall average costs at 10 years disaggregated by clinical 
event expenditures and treatment costs. LAAC has the lowest amount of clinical event expenditure, while warfarin has the highest clinical event costs, of which 62% 
($30,884) was driven by severely disabling strokes. 
Abbreviations: LAAC, left atrial appendage closure; NOAC, non-vitamin K oral anticoagulant.
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and 0.2% and 0.2% for NOACs, respectively (Figure 8). Overall (Medicare + patient), warfarin and NOAC costs 
increased by 2.3% and 0.2%, respectively. The increase was driven by higher clinical event costs as a result of increased 
major bleeding event rates.

In Scenario 2, the rate of non-disabling warfarin stroke outcomes was increased, while the rates of fatal, severely 
disabling, and moderately disabling warfarin stroke outcomes decreased accordingly. The higher proportion of non- 
disabling warfarin stroke outcomes resulted in a 23% and 25% reduction in warfarin costs incurred by Medicare and 
patients, respectively (Figure 9) Warfarin costs incurred by Medicare continued to be driven by higher expenditures on 
clinical events, although to a lower extent compared to the base case (94% vs 95%).

In Scenario 3, a generic alternative scenario was explored for NOACs where costs were assumed to decrease by 20%. 
At year 10, NOACs remained the costliest therapy to Medicare ($56,143). NOAC patient costs ($15,314) remained lower 
than those of warfarin and higher than those of LAAC. Overall (Medicare + patient), NOAC costs ($71,457) remained 

Figure 8 Scenario 1 – Scenario Analysis Exploring Increased Rates of Major Bleeding for Warfarin and NOACs. Shown are warfarin and NOAC Medicare and patient costs 
at 10 years in the base case compared to the scenario analysis. Warfarin Medicare and patient costs are increased by 2.7% and 1.4%, respectively. NOAC Medicare and 
patient costs are increased by 0.2% and 0.2%, respectively. 
Abbreviation: NOAC, non-vitamin K oral anticoagulant.

Figure 9 Scenario 2 – Scenario Analysis Exploring a Higher Rate of Non-Disabling Stroke for Warfarin. Shown are warfarin Medicare and patient costs in the base case 
compared to the scenario analysis. Medicare costs are reduced by 23% and patient costs are reduced by 25% in the scenario analysis.
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higher than those of warfarin and LAAC at year 10, even when considering a reduced price if a generic alternative 
becomes available.

Sensitivity Analysis Results
Tornado diagrams were constructed from the one-way sensitivity analyses to illustrate the 15 most impactful variables in 
descending order of influence at 10 years (Figures S1–S3). For NOACs versus warfarin, Medicare costs were most 
sensitive to variations in daily NOAC treatment costs, patient 2-year persistence on NOACs, the annual ischemic stroke 
risk associated with warfarin, the percentage of strokes caused by warfarin that are severely disabling, and all-cause 
mortality associated with warfarin or NOACs (Figure S1A). Patient costs were most sensitive to variations in clinical 
events which include the percentage of strokes caused by warfarin that are severely disabling, the annual ischemic stroke 
risk associated with warfarin, all-cause mortality associated with warfarin, the percentage of strokes caused by NOACs 
that are severely disabling, and the annual risk of hemorrhagic strokes caused by warfarin (Figure S1B).

For LAAC versus warfarin, Medicare costs were most sensitive to variations in the annual ischemic stroke risk 
associated with warfarin, the LAAC procedure costs, the percentage of severely disabling strokes caused by warfarin, and 
all-cause mortality associated with warfarin (Figure S2A). Patient costs were most sensitive to variations in similar 
variables, except for the LAAC cost, which was included in the hospital copayment (Figure S2B). These variables were 
also impactful when comparing LAAC to NOACs, with the addition of NOAC costs and the percentage of strokes caused 
by NOACs that are severely disabling, which had the greatest impact on Medicare and patient costs (Figures S3A and B).

Discussion
This is the first study to assess the economic outcomes to both Medicare and patients of different stroke prophylaxis 
strategies in AF. Overall (Medicare + patient), LAAC was the least costly treatment at 10 years, compared to warfarin 
and NOACs. To Medicare, NOACs were the most costly at 10 years, followed by LAAC and warfarin. To patients, 
LAAC provided significant cost savings at 10 years relative to both warfarin and NOACs. Warfarin costs were primarily 
driven by clinical event costs (complications plus outcomes) for both Medicare and patients, while NOAC and LAAC 
costs were driven by therapy costs for Medicare and clinical event costs for patients.

Despite the relatively low cost of warfarin therapy, LAAC yielded lower patient costs by year 4 and lower overall 
(Medicare + patient) costs by year 9. Warfarin patients paid twice as much out-of-pocket compared to LAAC patients, 
driven primarily by higher clinical event expenditures. Compared with NOACs, LAAC became less costly overall and to 
Medicare in year 5, and to patients in year 3. Over 10 years, LAAC could lead to cumulative overall (Medicare + patient) 
cost savings of $4,022 and $32,861 per patient compared to warfarin and NOACs, respectively. LAAC was also 
associated with lower overall clinical event costs compared to warfarin and NOACs. One-way sensitivity analyses 
confirmed these results were robust across the acceptable range of inputs.

Alternative NOAC and warfarin clinical event rates were explored in two scenario analyses. In Scenario 1, higher 
warfarin and NOAC major bleeding event rates led to an increase in clinical event expenditures. In this scenario, LAAC 
led to cumulative overall (Medicare + patients) cost savings of $5,221 and $33,025 per patient compared to warfarin and 
NOACs, respectively. In Scenario 2, an increased non-disabling warfarin stroke rate was explored, which reduced clinical 
event expenditures accrued to Medicare and patients. In the final scenario analysis, despite considering generic pricing, 
NOACs remained the costliest therapy to Medicare and patients at year 10.

Despite protection from Medicare Advantage and supplemental plans, out-of-pocket medical costs consume a high 
proportion of patients’ income. Additionally, costs of unexpected clinical events likely present an unplanned financial 
burden to patients, posing an even greater challenge to individuals with low- or fixed-incomes. These costs could lead to 
access barriers, as patients with higher cost-sharing are more likely to forego needed care.50,51 Therefore, interventions 
that prevent unexpected medical services could reduce out-of-pocket spending and enable better access to care.

Long-term warfarin use may also affect patient quality of life. Previous studies have reported that warfarin impacts 
patient work, travel, and other leisure activities due to the amount of time spent on medication management, INR 
monitoring, routine doctor visits, and bleeding hospitalizations.52,53 These costs were not included in the model, which 
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likely underestimates the cost of warfarin to patients. The burden on patients to manage and monitor their therapy can 
lead to poor treatment adherence, increasing the incidence and cost of complications.53

Although NOAC patients do not require regular INR monitoring, the issue of therapy adherence persists. As branded 
drugs in Medicare Part D plans, NOACs have higher cost-sharing than warfarin, and patients often pay a significant 
portion of therapy costs. Since AF patients typically require anticoagulation for the remainder of their lives, the annual 
drug cost may pose an economic burden.

Furthermore, a continued increase in NOAC use may present additional costs to Medicare. In 2014, between 8% and 
14% of Medicare patients with AF were prescribed NOACs.54 This number has continued to increase over the years, 
posing budget challenges to Medicare.55 The findings from this study suggest that, over a 10-year time horizon, NOAC 
treatment may cost Medicare 85% to 66% more per patient versus either warfarin or LAAC, respectively. LAAC may 
provide an opportunity for savings to Medicare, relative to NOACs, as a one-time procedure with low long-term 
treatment costs (aspirin) following the procedure.18

As Medicare seeks to provide proper coverage and optimal healthcare access, they must consider not only overall 
therapy costs, but also the costs to patients – especially given its derivative effect on patient compliance with therapy. 
LAAC provides lifelong stroke risk reduction without the risk of negative consequences associated with patient non- 
adherence. Many patients with AF live beyond the 10-year timeframe of this study, and the savings overall are expected 
to continue to accrue over patients’ lifetimes. Furthermore, it should be noted that since this model did not account for 
the competing risk for mortality of elderly patients, the financial benefit of LAAC is likely underestimated. That is, older 
patients might die earlier, thereby attenuating the extent to which cost-effectiveness crosses over towards benefit from 
LAAC. Accordingly, our conclusions are conservative.

Study Limitations
Data from meta-analyses and clinical trials were used to project event rates and costs for warfarin, NOACs, and LAAC. 
However, in actual practice, clinical outcomes, treatment administration, patient adherence, and procedural complication 
rates may differ from those observed in a controlled trial setting. Generally, therapy adherence is substantially better in 
clinical trials than in the real world; thus, this analysis may be underestimating the costs associated with NOACs and 
warfarin therapy. Similarly, the model assumed patients to be 70-years-old with a CHA2DS2-VASc score of 4.0 and 
a modified HAS-BLED score of 1.98; thus, these results may not be generalizable to older, frailer patients or, conversely, 
to younger patients with fewer comorbidities. Also, the model used data from the randomized Watchman trials, but there 
has since been considerable progress with LAAC. In the National Cardiovascular Data Registry (NCDR), procedural 
success was improved (98.3% vs 92.5% used in the model), and complications were reduced, including procedure-related 
stroke (0.17% vs 0.82%), pericardial tamponade (1.39% vs 3.69%), and device embolization (0.07% vs 0.68%).

A new generation LAAC device, which has replaced the original device after regulatory approval in 2020, has also 
demonstrated high implantation success (98.8%) and fewer complications, including less pericardial tamponade (0% in 
the PINNACLE-FLX study).56,57 Substituting these improved LAAC clinical outcomes would only further advantage this 
group, and improve the cost outcomes of this analysis. But importantly, since large, long-term randomized controlled 
trials (RCTs) directly comparing LAAC and NOACs have not yet been completed, the model was based on an indirect 
comparison of clinical trials and assumed similar study populations across trials. There may be differences in the 
demographic composition of patients who receive LAAC compared to those receiving oral anticoagulation therapy, 
which may be influenced by factors such as distinct therapeutic epochs and the overall health of the patients in the 
clinical trials.

The clinical studies used in this research had different follow-up lengths, requiring data to be extrapolated to the 
modeled time horizon. Additionally, the model assumed only one clinical event per year, while AF patients may 
experience more than one event per year. Furthermore, the model did not capture the increased risk of additional adverse 
events among patients who had already experienced the same events in the past. Therefore, the model may underestimate 
total warfarin costs, given the higher rate of strokes and disabilities observed through trials.

Acute myocardial infarction (AMI) was not an endpoint in the pooled PROTECT AF and PREVAIL clinical trials and 
was not impacted by the LAAC procedure. Therefore, the model did not consider AMI, although it has been reported in 
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previous trials of warfarin and dabigatran for AF stroke prevention. This may have led to a lower than actual total cost for 
warfarin and NOACs.

Finally, while this model used the average cost among a large population of Medicare beneficiaries, individual 
circumstances may differ. Patients may have Medicare Advantage or supplemental insurances, thus impacting their total 
costs of different treatments. Additionally, some low-income Medicare beneficiaries are also eligible for full Medicaid 
benefits (dual eligibility). This analysis, however, only assumed dual eligibility in patients who had a disabling stroke. 
High disability costs frequently result in patients not previously on Medicaid becoming eligible for the program. 
Medicaid long-term care expenditures were included to provide a complete view on disabling stroke costs.

Conclusions
The continuing rise of Medicare expenditures will likely require patient out-of-pocket cost increases. In patient-centered 
care, there is no one-size-fits-all treatment, underscoring the importance of shared decision-making between providers 
and patients to ensure both accessibility and affordability of care.58 The findings from this research indicate that LAAC 
may reduce the overall cost burden, and especially the cost incurred by Medicare beneficiaries, compared to warfarin and 
NOACs. This is attributable to reduced therapy and complication costs. These considerations should be incorporated into 
shared decision-making discussions with patients when evaluating options for stroke risk reduction in NVAF.
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