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Atrial fibrillation (AF) is the most common sustained cardiac 
arrhythmia and an independent risk factor for stroke.1 Once 

an AF patient experiences an embolic event, the probability of 
a second event increases 2.6-fold.2 Traditionally, these patients 
have been managed with warfarin therapy which may reduce the 
risk of stroke in AF by two thirds, provided patients are within 
therapeutic range and adherent to therapy.3 While effective at 
reducing the risk of ischemic stroke and systemic embolism, 
warfarin therapy is associated with an increased risk of bleed-
ing, lower quality of life (QoL), and high patient nonadherence.4

Non–vitamin K antagonist oral anticoagulant (NOAC) 
therapies and device-based left atrial appendage closure 
(LAAC) are alternatives for stroke prophylaxis in nonvalvular 
AF. Although long-term data are limited, the NOACs seem to 
be a safe and an effective alternative to warfarin therapy but 
are similar in that they are systemic solutions dependent on 
patient compliance.5–7 Autopsy/echocardiography studies indi-
cate that over 90% of all thrombi in nonvalvular AF patients 
originate from the left atrial appendage.8,9 LAAC was devel-
oped to provide a localized solution independent of patient 
compliance. LAAC with the WATCHMAN device (Boston 
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Background and Purpose—Once a patient with atrial fibrillation experiences an embolic event, the risk of a recurrent event 
increases 2.6-fold. New treatments have emerged as viable treatment alternatives to warfarin for stroke risk reduction in 
secondary prevention populations. This analysis sought to assess the cost-effectiveness of left atrial appendage closure 
(LAAC) compared with warfarin and the non–vitamin K antagonist oral anticoagulants dabigatran 150 mg, apixaban and 
rivaroxaban in the prevention of stroke in nonvalvular atrial fibrillation patients with a prior stroke or transient ischemic attack.

Methods—A Markov model was constructed using data from the secondary prevention subgroup analyses of the non–
vitamin K antagonist oral anticoagulant and LAAC pivotal trials. Costs were from 2016 US Medicare reimbursement 
rates and the literature. The cost-effectiveness analysis was conducted from a US Medicare perspective over a lifetime (20 
years) horizon. The model was populated with a cohort of 10 000 patients aged 70 years with a CHA
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-VASc score of 

7 (annual stroke risk=9.60%) and HAS-BLED score of 3 (annual bleeding risk=3.74%).
Results—LAAC achieved cost-effectiveness relative to dabigatran at year 5 and warfarin and apixaban at year 6. At 10 years, 

LAAC had more quality-adjusted life years (4.986 versus 4.769, 4.869, 4.888, and 4.810) and lower costs ($42 616 versus 
$53 770, $58 774, $55 656, and $58 655) than warfarin, dabigatran, apixaban, and rivaroxaban, respectively, making 
LAAC the dominant (more effective and less costly) stroke risk reduction strategy. LAAC remained the dominant strategy 
over the lifetime analysis.

Conclusions—Upfront procedure costs initially make LAAC higher cost than warfarin and the non–vitamin K antagonist 
oral anticoagulants, but within 10 years, LAAC delivers more quality-adjusted life years and has lower total costs, making 
LAAC the most cost-effective treatment strategy for secondary prevention of stroke in atrial fibrillation.   (Stroke. 
2018;49:1464-1470. DOI: 10.1161/STROKEAHA.117.018825.)
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Scientific, Marlborough, MA) seals the ostium of the left atrial 
appendage, preventing the embolization of thrombi formed 
therein.10 Results from a subgroup analysis of the PROTECT 
AF trial (WATCHMAN Left Atrial Appendage System for 
Embolic Protection in Patients With Atrial Fibrillation) indi-
cated that LAAC also reduces the risk of stroke in the subset 
of AF patients who had sustained a prior embolic event, with 
an efficacy similar to that of warfarin.11

Although recent publications explore the cost-effectiveness 
of LAAC and NOACs, no analysis has yet been undertaken 
to evaluate the cost-effectiveness of LAAC for the prevention 
of recurrent stroke in AF.12–15 The objective of this study is 
to assess the cost-effectiveness of LAAC with WATCHMAN 
relative to warfarin and the NOACs dabigatran 150 mg (here-
after referred to as dabigatran), rivaroxaban, and apixaban for 
the secondary prevention of stroke in nonvalvular AF.

Methods

Study Design
A Markov model was developed to assess the cost-effectiveness of 
LAAC compared with NOACs and warfarin in AF patients with a 
previous stroke or transient ischemic attack (TIA); NOAC versus 
warfarin analyses are presented in the online-only Data Supplement. 
The model was constructed using 3-month cycles and investigated 
cost-effectiveness at 10 and 20 years, with 20 years representing the 
lifetime analysis. Cost-effectiveness was reported as an incremental 
cost-effectiveness ratio (ICER) and evaluated using the conventional 
US willingness-to-pay threshold of $50 000 per quality-adjusted life 
year (QALY) gained.16 The analysis took a US Medicare perspec-
tive and incorporated costs for each treatment strategy and associated 
clinical sequelae, including ischemic stroke, TIA, systemic embo-
lism, hemorrhagic stroke, major bleeding, and myocardial infarction.

Markov Model Structure
The model structure and patient pathways are depicted in Figure 1. 
The structure and assumptions used were adapted from a previously 
published cost-effectiveness analysis of OACs and LAAC.13 Model 
parameters are available for other researchers upon request to the cor-
responding author.

Our model included 5 treatment strategies: LAAC with 
WATCHMAN, adjusted-dose warfarin, dabigatran, apixaban, and 
rivaroxaban. Patients in the LAAC arm could experience a success-
ful procedure, a successful procedure with complications, or a failed 
procedure. Procedural outcomes were taken from PROTECT AF. It 
was assumed that outcomes for the secondary prevention subgroup 
would not differ from the overall patient population, thereby allowing 
the inclusion of more events and greater precision in estimates from 
the total population treated. Procedural events included ischemic 
stroke (2.4%), major bleeding (2.0%), pericardial effusion (4.8%), 
and device embolization (1.2%).10 Successfully implanted patients 
remained in the LAAC treatment arm for life; 93% were assumed to 
discontinue warfarin after 12 months.11 Patients who were not suc-
cessfully implanted initiated warfarin therapy.

In the drug arms, patients could discontinue primary therapy 
because of a bleeding event or nonclinical reasons. Patients who dis-
continued primary drug therapy were assumed to switch to aspirin. 
Discontinuation of second-line therapy was assumed to result in no 
treatment.

Five primary health states existed within the model: Well, 
Nondisabling, Moderate Disability, Severe Disability, and Death. 
Patients were assumed to be Well, or in normal good health, upon 
entering the model. Transitions between health states were driven by 
clinical events and associated with cost and QoL adjustments. Within 
each model cycle, patients could experience a clinical event that led 
to a worse health state or death. Only stroke could alter disability 

outcomes. All events except for TIA could lead to death. Patients also 
faced an ongoing risk of death from unrelated causes.

Clinical Events
The base case analysis assumed a 70-year-old patient with a history of 
stroke and a CHA

2
DS

2
-VASc score (congestive heart failure, hyper-

tension, age ≥75 years [double weight], diabetes mellitus, stroke 
[double weight],vascular disease [coronary artery disease, peripheral 
artery disease, aortic atherosclerosis], age 65-74 years, and female 
sex) of 7 (annual stroke risk 9.60%) and a HAS-BLED score (hyper-
tension, abnormal renal and liver function, stroke, bleeding, labile 
INR, elderly, drugs or alcohol) of 3 (annual bleeding risk 3.74%). The 
baseline CHA

2
DS

2
-VASc score was derived from the CHADS

2
 (con-

gestive heart failure, hypertension, age ≥75 years, diabetes mellitus, 
stroke [double weight]) patient profile in the secondary prevention 
subgroup analyses of the pivotal clinical trials.11,17–19 Clinical inputs 
appear in the online-only Data Supplement.

LAAC events were drawn primarily from a secondary preven-
tion subgroup analysis of PROTECT AF at 5 years of follow-up 
(Boston Scientific, unpublished data, 2017). Event probabilities 
for dabigatran, rivaroxaban, and apixaban were taken from the sec-
ondary prevention subgroup analyses of their respective pivotal tri-
als.17–19 Event probabilities for warfarin were based on results from 
the European Atrial Fibrillation Trial on secondary prevention.3,20,21 
Event rates from this trial were indirectly compared against event 
rates from the warfarin arms of the secondary prevention subgroup 
analyses of PROTECT AF, RE-LY (Randomized Evaluation of Long-
Term Anticoagulation Therapy), ROCKET AF (Rivaroxaban Once 
Daily Oral Direct Factor Xa Inhibition Compared With Vitamin K 
Antagonism for Prevention of Stroke and Embolism Trial in Atrial 
Fibrillation), and ARISTOTLE  (Apixaban for Reduction in Stroke 
and Other Thromboembolic Events in Atrial Fibrillation).17–19

The rates of myocardial infarction and bleeding events for LAAC 
were assumed to correlate to concurrent drug therapy, as LAAC itself 
has no impact on risk of bleeding or myocardial infarction. Risk of 
bleeding events for LAAC patients was equal to warfarin for the first 
45 days, aspirin and clopidogrel for 45 days to 6 months, and aspirin 
for the remainder of the model, per the PROTECT AF protocol.10

Warfarin nonclinical discontinuation rates were based on an analy-
sis by Helgason et al22 on the discontinuation of warfarin therapy after 
a stroke. NOAC discontinuation rates were taken from the overall 
trial populations, as discontinuation rates specific to the secondary 
prevention population have not been published.5–7

The probability of ischemic stroke, TIA, hemorrhagic stroke, and 
death were increased per decade of life to account for the impact of 
advancing age.23,24 Probability of nonevent death was calculated from 
US life tables.25

Health State Utilities and Stroke Outcomes
QoL was captured in the model as health utility, which reflects decre-
ments to life quality based on health states. Health utility values are 
assessed on a scale of 0 to 1, with 1 representing perfect health and 
0 representing death. An underlying baseline utility of 0.77 was used 
to reflect QoL of patients at age 70 with AF and a prior nondisabling 
stroke.26 This baseline utility was applied as a multiplying factor to util-
ity values associated with each therapy and decremented by 2% per 
decade to account for a general decline in QoL with advancing age.27 
Utility values were assumed to be equal for dabigatran, rivaroxaban, 
and apixaban. Utility values for Well with warfarin (0.987), Well with 
NOAC (0.994), and Well with aspirin (0.998) were consistent with val-
ues used in other analyses.12–15,26 The utility value for Well with LAAC 
(0.999) was derived by applying the Nichol ordinary least squares 
algorithm to Short-Form 12 Health Survey data collected in PROTECT 
AF.28,29 A one-time disutility of −0.0315 was applied in the first cycle to 
reflect a temporary reduction in QoL because of the LAAC procedure.30

QoL was also assessed by stroke outcomes, as stroke is the most 
debilitating and feared consequence of AF.31 The modified Rankin 
Scale (mRS) was used to characterize stroke outcomes as nondis-
abling (mRS score of 0–2), moderately disabling (mRS score of 3), 
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severely disabling (mRS score of 4–5), and fatal (mRS score of 6). 
Stroke outcomes for LAAC were derived from the full PROTECT 
AF analysis, as the small number of events in the secondary preven-
tion subgroup analysis alone was not sufficient to draw statistically 
meaningful conclusions (Boston Scientific, unpublished data, 2017). 
Warfarin and NOAC stroke outcomes were derived from secondary 
prevention and overall stroke prevention patient population analyses. 
Stroke outcomes and utility values are reported in the online-only 
Data Supplement.

Disutilities, a one-time decrement to QoL experienced for 1 model 
cycle, were applied to account for acute events. Utility decrements 
were applied for ischemic stroke (−0.139), hemorrhagic stroke 
(−0.181), major bleeding (−0.181), TIA (−0.103), systemic embolism 
(−0.120), and myocardial infarction (−0.125).31 QALYs were calcu-
lated by multiplying the length of time in a given state by the utility 
for that state. Future QALYs were discounted at an annual rate of 3.0.

Costs
The economic analysis considered all direct medical costs for the 
therapies and treatment of associated acute events, as well as costs 
for long-term disability care (cost inputs are reported in the online-
only Data Supplement). Societal costs such as lost productivity were 
not considered. Acute event costs were taken from US 2016 diag-
nosis-related group national average values.32 Costs for poststroke 
inpatient rehabilitation were from 2016 case-mix group reimburse-
ment rates.33 Long-term stroke disability costs were from published 
literature.34–36

LAAC procedure costs were calculated as a weighted average of 
the 2 diagnosis-related groups for percutaneous intracardiac proce-
dures (273 and 274) plus the cost of 2 follow-up transesophageal 
echocardiograms.32,37 Failed procedures were assumed to incur the 
full procedure cost. LAAC patients also incurred costs for 6 months 
of drug therapy after the procedure. The annual cost of warfarin 
therapy was applied to LAAC patients unable to discontinue warfarin 
at 12 months. Additional costs related to procedural adverse events, 
including pericardial effusion and bleeding, were added to the base-
line cost of the procedure. NOAC costs were calculated as an average 
of US pharmaceutical wholesale acquisition costs.38 Warfarin therapy 
costs were from US wholesale acquisition costs plus reimbursement 
rates for Current Procedural Terminology codes related to interna-
tional normalized ratio monitoring.37,38 All costs are given in 2016 
US dollars and were rounded to the nearest whole dollar. Future costs 
were discounted at an annual rate of 3%.

Sensitivity Analyses
Uncertainty in model parameters was assessed using one-way and 
probabilistic sensitivity analyses (PSA). One-way sensitivity analysis 
is used to determine which model inputs have the greatest impact on 
model results, and PSA is used to estimate the effect of variation of 
individual parameters on uncertainty of model results.39 The PSA was 
based on a Monte Carlo approach with 5000 iterations of the model 
over the lifetime horizon. The analyses included all event probabili-
ties, costs, and health state utilities for LAAC, NOACs, and warfarin. 
Inputs were varied within 95% confidence intervals, where available, 
and by ±20% where confidence intervals were not published. Ranges 
and distributions for the clinical inputs appear in the online-only Data 
Supplement. Stroke outcomes assumed a Dirichlet distribution, and 
health state utilities assumed a beta distribution. All cost parameters 
were varied by ±20% and assumed to follow a gamma distribution.

Results
Cumulative cost curves for each therapy are in Figure 2; total 
costs, QALYs, and ICERs at 10 and 20 years are presented 
in the Table. Results for the NOAC versus warfarin analyses 
are presented in the online-only Data Supplement. As would 
be expected, LAAC was the more costly therapy in the early 
years immediately after implantation (Figure 2). Thereafter, 
costs for LAAC patients grew at a slower rate than those for 
warfarin and NOAC patients, with LAAC becoming less 
costly than OACs between years 5 and 7. LAAC also gener-
ated more QALYs than the other therapies. At 10 years, LAAC 
provided 4.986 QALYs, on average, compared with 4.769, 
4.869, 4.888, and 4.810 for warfarin, dabigatran, apixaban, 
and rivaroxaban, respectively. This trend continued over the 
20-year time horizon. At 10 and 20 years, rivaroxaban was the 
most costly therapy ($58 655 and $88 644) and had the fewest 
QALYs (4.810 and 5.695), making it a dominated strategy. As 
a result, it was excluded from the incremental cost-effective-
ness analysis and sensitivity analysis.

LAAC achieved cost-effectiveness relative to dabigatran 
at year 5 and warfarin and apixaban at year 6. At year 10, 
LAAC was dominant (more effective and less costly) relative 

Figure 1. Model schematic. LAAC indicates left atrial appendage closure; and OAC, oral anticoagulant.
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to warfarin, dabigatran, and apixaban. LAAC remained the 
dominant treatment strategy for the remainder of the 20-year 
time horizon. The sustained cost-effectiveness performance of 
LAAC over time was driven by the higher initial costs of the 
procedure being offset year on year by the QoL decrements 
and long-term care costs resulting from the moderately and 
severely disabling strokes. LAAC achieved cost-effectiveness 
relative to NOACs earlier than warfarin because of the higher 
annual therapy costs of NOACs.

One-Way Sensitivity Analysis
The cost-effectiveness of LAAC relative to OACs was predict-
ably responsive to variations in individual model parameters. 
Tornado diagrams depicting the 10 most impactful variables 
to model results in descending order of influence at 20 years 
are depicted in the online-only Data Supplement. When com-
paring LAAC versus warfarin, results were most sensitive to 
variations in the rate of nondisabling LAAC ischemic stroke, 
LAAC relative risk of ischemic stroke compared with warfa-
rin, warfarin relative risk of ischemic stroke compared with 
no therapy, and the health state utility for nondisabling stroke. 
In all instances, LAAC remained cost saving relative to war-
farin. LAAC results relative to dabigatran and apixaban were 
sensitive to variations in the relative risk of ischemic stroke 
compared with warfarin, LAAC implant success rate, and the 
percent of LAAC ischemic strokes that were nondisabling. 
But in all instances of varying the different inputs, LAAC 
remained cost saving relative to the NOACs.

Probabilistic Sensitivity Analyses
PSA simulations at 20 years (Figure 3) demonstrated that 
LAAC had lower average total costs than warfarin, dabiga-
tran, and apixaban. Relative to warfarin, there was a 99.7% 
probability that LAAC provided more QALYs, 100.0% proba-
bility that LAAC was cost saving, and 99.7% overall probabil-
ity of cost-effectiveness using a willingness-to-pay threshold 
of $50 000/QALY. At 20 years, there was a 90.4% probability 
that LAAC was cost-effective relative to dabigatran and 95.0% 
probability that LAAC was cost-effective relative to apixaban.

Discussion
These analyses indicate that LAAC is a cost-effective strat-
egy for the secondary prevention of stroke in nonvalvular AF 
patients. LAAC was cost-effective relative to NOACs and war-
farin by year 6. LAAC was dominant (more effective and less 

costly) than NOACs and warfarin by year 10. PSA indicated 
that these outcomes were robust: at 20 years, LAAC was cost-
effective in 99.7% of simulations and cost saving in 100.0% 
relative to warfarin. Similarly, LAAC was cost-effective com-
pared with dabigatran and apixaban in 90.4% and 95.0% of 
simulations, respectively. Rivaroxaban was the most costly 
therapy with the fewest QALYs and was therefore excluded 
from detailed ICER and sensitivity analyses.

To the best of our knowledge, this is the first analysis to 
explore the cost-effectiveness of LAAC relative to OACs in 
AF patients with a previous stroke or TIA. However, Kamel 
et al14,15 explored the cost-effectiveness of dabigatran and 
apixaban relative to warfarin in a secondary prevention popu-
lation over a 20-year lifetime analysis. The dabigatran study 
found dabigatran to be more expensive than warfarin but also 
more effective, yielding a lifetime ICER of $25 000/QALY. 
Similarly, apixaban was found to be more expensive than war-
farin but provided an incremental gain of 0.28 QALYs with a 
lifetime ICER of $11 400/QALY. The lifetime (20 years) find-
ings from our current analysis corroborate these findings, with 
apixaban dominant to warfarin and dabigatran cost-effective 
relative to warfarin with an ICER of $11 555/QALY (detailed 

Figure 2. Cumulative costs by therapy 
over 20 years. LAAC indicates left atrial 
appendage closure.

Table. Total Costs and QALYs Over 10 and 20 Years for LAAC, 
Warfarin, Dabigatran, and Apixaban

 
Total 
Costs

Total 
QALYs

Incremental 
Costs 

(LAAC−OAC)

Incremental 
QALYs 

(LAAC−OAC)

ICER 
(LAAC vs 

OAC)

10 y

    LAAC $42 616 4.986  … …

    Warfarin $53 770 4.769 −$11 154 0.217 Dominant*

    Dabigatran $58 774 4.869 −$16 158 0.099 Dominant

    Apixaban $55 656 4.888 −$13 040 0.119 Dominant

20 y

    LAAC $55 749 6.091  … …

    Warfarin $85 577 5.662 −$29 828 0.429 Dominant

    Dabigatran $87 636 5.841 −$31 887 −0.250 Dominant

    Apixaban $85 426 5.821 −$29 677 −0.270 Dominant

*Dominant indicates that a therapy is more effective and less expensive than 
comparators. ICER indicates incremental cost-effectiveness ratio; LAAC, left 
atrial appendage closure; OAC, oral anticoagulant; and QALYs, quality-adjusted 
life years.
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results appear in the online-only Data Supplement). Given 
the nature of economic modeling, variation in results is to be 
expected and, in this instance, is likely because of differences in 
stroke outcomes by treatment strategy. To explore this further, 
we substituted our stroke outcomes data with those used by 
Kamel et al14,15 across all OAC arms in our model. Compared 
with warfarin, results were consistent (LAAC provided more 
QALYs [0.535] with lower costs [−$47 720], apixaban pro-
vided more QALYs [0.178] with slightly lower costs [−$3253], 
and dabigatran provided more QALYs [0.139] with somewhat 
higher costs [$9501]; detailed results appear in the online-only 
Data Supplement). No published cost-effectiveness analyses of 
rivaroxaban relative to warfarin in AF patients with a previ-
ous stroke or TIA were identified. Taken together, although the 
acquisition costs for warfarin are low, a growing body of evi-
dence suggests that the newer stroke risk reduction therapies 
are more cost-effective treatment strategies over the long run.

Drug adherence over a lifetime warrants further consider-
ation. As a device-based solution, LAAC does not experience 
issues of adherence over the long term. However, adherence of 
LAAC patients to lifelong aspirin therapy has not been stud-
ied. Likewise, the importance of post-LAAC lifelong aspirin 
therapy is also unknown; an argument could be made the long-
term aspirin is either (1) important to reduce noncardioem-
bolic strokes or (2) detrimental by increasing major bleeding. 
This question can only be assessed by conducting prospective, 
comparative trials.

Conversely, a great deal is known about warfarin adherence 
over time. Patients are often permanently transitioned off warfa-
rin therapy after a hemorrhagic stroke and may be either perma-
nently or temporarily taken off OAC after other major bleeding. 
Helgason et al22 found that over 6 years, 132 of 229 patients 
(58%) initially prescribed warfarin therapy after a stroke had 
stopped taking their medication. The subgroup analyses of the 
NOACs do not provide details about therapy adherence in this 
population. However, data from the larger trials suggest that 
discontinuation rates are high. In the RE-LY trial, 21.2% of 
patients taking dabigatran discontinued therapy at 2 years.5 In 
the ROCKET AF trial, 23.7% of rivaroxaban patients discon-
tinued therapy by the trial’s conclusion after an average of 590 
days of treatment.6 Only the trial of apixaban found that fewer 
patients discontinued the novel drug than warfarin—and yet, 
the discontinuation rate was 25.3% over a median of 1.8 years.7 
Given the obvious advantage of LAAC in terms of maintaining 
therapeutic benefit, sensitivity analyses explored the possibility 
that drug adherence was better than what was modeled in the 
base case. With the difficulties seen in the real world with main-
taining therapy adherence, it is likely that adherence to a phar-
maceutical regimen would be lower than what was modeled 
here, which may even further improve the cost-effectiveness of 
LAAC compared with pharmaceutical strategies.

In addition, a recent publication highlighted the impor-
tance, and difficulty, of assessing patient risk for intracranial 
hemorrhage before prescribing a lifelong OAC therapeutic 

Figure 3. Cost-effectiveness plane 
at 20 years of left atrial append-
age closure (LAAC) vs warfarin, 
LAAC vs dabigatran, and LAAC vs 
apixaban. QALY indicates quality-
adjusted life year.
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regimen, and further suggested that patient subgroups at high 
risk for hemorrhage may have even more pronounced clinical 
and cost benefits when treated with LAAC.40 Further research 
is needed to test this hypothesis and better understand how 
patient characteristics and risk profiles impact the cost-effec-
tiveness of LAAC. Assessing individual patient characteristics 
coupled with shared decision-making between treating clini-
cians and patients is of paramount importance in determining 
the most appropriate candidates for LAAC.

Limitations
No single randomized controlled trial has evaluated all com-
parators against one another. Therefore, we used an indirect 
comparison to estimate the relative effects of each treatment, 
using warfarin as the common comparator. Furthermore, 
the body of literature on the secondary prevention of stroke 
in patients with AF is rather limited. Only 2, relatively small 
(n=2253 and n=454,41 respectively), trials of warfarin have spe-
cifically looked at the secondary prevention population. The 
focus of these trials was on ischemic events, and therefore, 
results did not provide a great deal of data on the risk of bleed-
ing in the secondary prevention population, although 1 study 
found the risk of bleeding increased in line with stroke risk.42

Similarly, the efficacy of LAAC in secondary prevention 
was taken from a subgroup analysis of PROTECT AF, which 
included 131 patients with a previous stroke or TIA. Event 
rates seen in this patient sample, which was followed for 4 to 
5 years, have been extrapolated beyond the follow-up period 
out to 20 years.

In the past 3 years, secondary prevention subgroup anal-
yses of the AF trials for all 3 NOACs have been published. 
These trials involved larger patient samples (dabigatran: 3623, 
apixaban: 3436, and rivaroxaban: 7468), providing a more 
conclusive picture of the clinical efficacy of these new drugs 
compared with warfarin and LAAC; however, the mean fol-
low-up of these studies is only ≈2 years, and for the purposes 
of our cost analysis, the data have also been extrapolated out 
to 20 years. Event rates for OACs are also extrapolated beyond 
the follow-up period of the clinical trials.

Stroke severity data were taken from the larger PROTECT 
AF cohort, as the secondary prevention sample size was not 
large enough to draw any meaningful conclusions about out-
comes. These results were extremely favorable to LAAC, with 
75% of strokes resulting in functional independence—largely 
because post-LAAC strokes tend not to be hemorrhagic 
strokes, which are known to result in more severe disability. 
Of course, one cannot rule out the possibility that stroke out-
comes would be different if using a cohort of only secondary 
prevention LAAC patients.

Cognitive impairment was not measured in the LAAC or 
NOAC clinical trials. Accordingly, the impact of cognitive 
impairment and dementia, which can have a profound impact 
on patient therapy adherence, clinical outcomes, and QoL, on 
cost-effectiveness of stroke risk reduction strategies could not 
be assessed.43 However, we incorporated stroke severity, as 
based on the poststroke mRS scores, into our analysis.

Finally, clinical probabilities for all treatment arms were 
taken from multiple clinical studies with different time hori-
zons extrapolated out to 20 years. Model results may not be 

representative of real-world clinical practice and are specific 
to that drug or device. It should not be assumed that these data 
can be extrapolated to other LAAC devices or OACs. In addi-
tion, the model reflects the US healthcare system and costs, 
and the ICERs may not be easily generalizable to other health-
care systems.

Conclusions
While initially more costly than warfarin and the NOACs, 
LAAC with the WATCHMAN proved to be both a cost-effec-
tive and cost-saving treatment strategy. Percutaneous LAAC 
represents a major change in the management of patients with 
prior stroke or TIA. It has the inherent benefit of maintaining 
stroke protection over time without the issue of patient com-
pliance, an important clinical consideration in patients at the 
highest risk of stroke. These findings should be taken into con-
sideration when formulating policy and practice guidelines for 
secondary stroke prevention in nonvalvular AF.
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