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Aims Atrial fibrillation (AF) patients with contraindications to oral anticoagulation have had few options for stroke preven-
tion. Recently, a novel oral anticoagulant, apixaban, and percutaneous left atrial appendage closure (LAAC) have
emerged as safe and effective therapies for stroke risk reduction in these patients. This analysis assessed the cost ef-
fectiveness of LAAC with the Watchman device relative to apixaban and aspirin therapy in patients with non-valvular AF
and contraindications to warfarin therapy.

Methods and
results

A cost-effectiveness model was constructed using data from three studies on stroke prevention in patients with contra-
indications: the ASAP study evaluating the Watchman device, the ACTIVE A trial of aspirin and clopidogrel, and the
AVERROES trial evaluating apixaban. The cost-effectiveness analysis was conducted from a German healthcare payer
perspective over a 20-year time horizon. Left atrial appendage closure yielded more quality-adjusted life years (QALYs)
than aspirin and apixaban by 2 and 4 years, respectively. At 5 years, LAAC was cost effective compared with aspirin with
an incremental cost-effectiveness ratio (ICER) of E16 971. Left atrial appendage closure was cost effective compared
with apixaban at 7 years with an ICER of E9040. Left atrial appendage closure was cost saving and more effective than
aspirin and apixaban at 8 years and remained so throughout the 20-year time horizon.

Conclusions This analysis demonstrates that LAAC with the Watchman device is a cost-effective and cost-saving solution for stroke
risk reduction in patients with non-valvular AF who are at risk for stroke but have contraindications to warfarin.
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Introduction
Atrial fibrillation (AF) is the most common sustained cardiac ar-
rhythmia.1 Patients with AF have a five-fold greater risk of stroke
compared with patients in sinus rhythm.2 Further, AF-associated
strokes have been shown to be more severe than strokes not due
to AF.3 It is estimated that AF-associated stroke costs the European
Union 10 billion euros annually.4

Due to the increased risk of stroke, a focus of AF management
is prevention of thromboembolic events with antithrombotic ther-
apy.5 While antithrombotic therapy with vitamin K antagonists, such
as warfarin, has been shown to be efficacious in reducing the risk of
stroke, it also increases the risk of bleeding events, including intra-
cranial haemorrhage and haemorrhagic stroke.6,7 Because of these
associated bleed risks, as many as 40% of patients clinically indicated
for warfarin do not receive the therapy.8 For these patients,
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treatment with aspirin has often been recommended, although its
efficacy is much lower than that of warfarin.9 Novel oral anticoagu-
lants (NOAC) are associated with less bleeding than warfarin, but
only apixaban has been evaluated in warfarin-intolerant patients.10

Percutaneous left atrial appendage closure (LAAC) is a device-
based alternative to chronic pharmacologic therapy for stroke
prophylaxis in non-valvular AF.11 Autopsy and echocardiographic
studies have implicated the left atrial appendage to be the source
of thrombus in .90% of strokes in patients with AF.12 While this
device-based approach to stroke prevention is a potentially life-
saving innovation for patients with contraindications to warfarin
therapy,13 evidence of cost effectiveness in this clinical setting is
sparse. This analysis sought to understand the economic and clinical
consequences of long-term stroke prevention with LAAC using the
Watchman device when compared with aspirin or apixaban in pa-
tients with contraindications to warfarin therapy.

Methods

Study design
A Markov cost-effectiveness model was developed to assess incremen-
tal costs and quality-adjusted life years (QALYs) of LAAC compared
with aspirin or apixaban in non-valvular AF patients with contraindica-
tions to warfarin. The analysis was conducted from the perspective of
the German healthcare system and included costs related to treatment
and associated clinical events, including ischaemic stroke, systemic em-
bolism, transient ischaemic attack (TIA), haemorrhagic stroke, intracra-
nial haemorrhage (ICH), extracranial haemorrhage, minor bleeding, and
acute myocardial infarction.

The Markov model structure
The recent approval of three NOACs has resulted in multiple publica-
tions on cost-effectiveness analyses of stroke prevention in AF. The
model structure and model assumptions used here are based on a mod-
el submitted to the National Institute for Clinical Excellence (NICE) in
the UK.14

Our model included three treatment strategies: LAAC with the
Watchman device (Boston Scientific, Marlborough, Massachusetts,
USA); aspirin, the conventional therapy often used in patients unable
to take warfarin; and apixaban (Eliquis, Bristol-Myers Squibb,
New York, USA), the only NOAC evaluated in warfarin unsuitable pa-
tients. Both of the two new stroke prevention strategies, LAAC and

apixaban, were evaluated against aspirin and each other. The model
was constructed using 3-month cycles and investigated cost effective-
ness annually up to 20 years to determine time to cost effectiveness.
Within each cycle, patients could experience clinical events leading to
death, disability, and/or primary therapy discontinuation and incur asso-
ciated costs and quality of life (QoL) adjustments (Figure 1).

Within the model, ICH and stroke could lead to death or disability.
Patients experiencing an embolic event were at increased risk for a se-
cond embolic event, which could worsen their disability level. In add-
ition to death from acute events, patients also faced a risk of death
from unrelated causes.

In the case of LAAC, patients faced one-time procedure-related risk,
including pericardial effusion (2.0%), major bleeding (2.7%), femoral
pseudoaneurysm (0.7%), and device embolization (1.3%). These pa-
tients could also experience a successful or failed procedure. Following
a failed procedure, one in which the Watchman device was not im-
planted, aspirin therapy for stroke prevention was assumed. No other
discontinuation of LAAC was possible. Patients in the aspirin or apixa-
ban arms could discontinue therapy following either a bleeding event or
for other patient or physician recommended reasons. Aspirin patients
who discontinued therapy were assumed to receive no further therapy;
apixaban patients were assumed to transition to aspirin therapy.

Clinical inputs
Clinical inputs for these events were drawn from several sources
(Table 1). For LAAC, event probabilities were taken from the ASAP
study (ASA Plavix Feasibility study with Watchman Left Atrial Append-
age Closure Technology) in which 150 non-valvular AF patients with ab-
solute contraindications to warfarin were treated with the Watchman
device.13 The ASAP study did not evaluate long-term bleeding out-
comes. Therefore, the probabilities for bleeding events in patients
with LAAC were estimated to be comparable with those of concomi-
tant drug therapy (aspirin and clopidogrel for 6 months following the
procedure and aspirin thereafter) and were taken from ACTIVE A
and ACTIVE W.9,15

For the aspirin arm of the model, the relative risk of stroke was taken
from a meta-analysis of multiple trials of stroke prevention in AF.6 All
other event probabilities were taken from ACTIVE A, the results of
which have been described elsewhere.9 While many trials have assessed
the effectiveness of aspirin in patients with AF, only the ACTIVE trials
have explicitly investigated the effectiveness of aspirin in patients who
could not tolerate warfarin therapy. The apixaban arm of the model
took clinical event probabilities from the AVERROES trial which inves-
tigated patients unsuitable for warfarin therapy.10

Baseline stroke risk was assigned based on CHADS2 scores and
bleeding risk based on HASBLED scores. HASBLED score was esti-
mated from the weighted clinical risk factors described in the ASAP
study. In the base case analysis, it was assumed that patients were 70
years old, with a CHADS2 score of 3 (annual stroke risk 8.6%) and a
HASBLED score of 3 (annual haemorrhage risk 3.74%), which reflects
the typical patient in the Watchman ASAP study.16,17 To account for in-
creasing risk with age, rates of embolic events increased 1.4 times per
decade18 and rates of ICH increased 1.97 times per decade,19 based
on rates reported in the literature. Patients who experienced an ischae-
mic event had a 2.6 times increase in the probability of experiencing a
second ischaemic event.20

Stroke disability outcomes were not captured in the ASAP study.
Therefore, modified Rankin scale (MRS) disability data for LAAC pa-
tients were taken from the PROTECT AF trial of the Watchman de-
vice.21 Analysis of PROTECT AF showed 71% of strokes resulted in
MRS scores of 0–2, 5% resulted in MRS score of 3, 5% resulted in
MRS scores of 4–5, and 19% resulted in MRS score of 6 (death). These

What’s new?
† Left atrial appendage closure (LAAC) has the potential to

dramatically change the management of atrial fibrillation
(AF) patients who cannot tolerate warfarin therapy.

† The one-time, upfront LAAC procedural costs are offset by
the year-on-year spend for oral anticoagulant therapy and as-
sociated complications.

† This analysis suggests that LAAC was both cost saving and
more effective than aspirin and apixaban at 8 years.

† LAAC offers a cost-effective solution for stroke risk reduc-
tion in patients with non-valvular AF and contraindications
to warfarin.
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data were used to assign patients to disability states following a stroke,
which impacted both QoL and costs for disability-related care.

Probability of non-event death was taken from German life tables.22

Quality of life
Quality of life was captured in the model as utility values, which reflect
decrements to life quality based on health states. As is conventional,

utilities used within the model were rated on a scale of 0–1, with 0 re-
presenting death and 1 a state of perfect health. The model incorpo-
rated QoL adjustments for each disability state, as derived from the
literature.23 A utility value for ‘Well with LAAC’ of 1.0 was developed
using SF-12 data collected during the Watchman ASAP study. The study
found that LAAC patients experienced QoL improvements across 11 of
12 domains, with only General Health remaining the same following
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Figure 1 Patient flow upon entering LAAC arm of the Markov model. Within each model cycle, patients could remain well or experience acute
events that may lead to a worse health state. Patients cycled through until death or 20 years.
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Table 1 Clinical inputs

Event LAAC Aspirin Apixaban

Relative risk of ischaemic stroke 0.2313 (relative to no therapy) 0.786 (relative to no therapy) 0.3710 (relative to aspirin)

Annual risk of systemic embolism 0.12% (assumption based on stroke
risk vs. aspirin)

0.4%9 0.1%10

Relative risk of haemorrhage 1.19,15a 0.659 1.1610

Per cent of haemorrhage that are ICH 21.2%9,15a 17.8%9 25%10

Per cent of haemorrhage that are gastrointestinal
bleeds

52%9,15a 41.7%9 27.3%10

Per cent of haemorrhage that are
non-gastrointestinal extracranial bleeds

26.8%9,15a 40.5%9 47.7%10

Annual risk of acute myocardial infarction 0.86%9,15a 0.9%9 0.8%10

aFor 6 months then equal to aspirin.

Cost effectiveness of left atrial appendage closure with the Watchman device 981



implantation.21 A utility value for ‘Well on Apixaban’ of 0.994 was taken
from published cost-effectiveness analyses of apixaban.24,25

Utility values reported in the literature for patients with AF have ran-
ged from 0.774 to 1.26 – 28 In this analysis, the ‘well’ utility values were
used as multipliers against a baseline utility of 0.82 for well patients
with AF at age 70 years. This value was taken from the literature, as it
captured the decremented QoL due to age and burden of AF.23 Utility
was reduced by 22% per decade to account for general age-related de-
cline based on data from EuroQol.29 Disutilities, one-time deductions to
QoL to account for an acute event, were applied for the LAAC proced-
ure and all acute events.30 Quality-adjusted life years were calculated 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 3.5%.

Costs
The analysis considered direct medical costs as well as costs associated
with long-term disability care in a facility. Data on costs were collected
from multiple sources including the German Diagnosis Related Group
(G-DRG) system for 2014, German pharmaceutical price lists and pub-
lished literature on stroke and disability costs in Germany (Table 2).31 –35

The LAAC procedure received a unique G-DRG in 2012 which was
the basis for its cost. Failed procedures were assumed to incur the full
procedure cost. Additional costs related to procedural adverse events
including pericardial effusion, femoral pseudoaneurysm, and bleeding
complications were factored into the total costs of the procedure. All
costs are given in Euros for the year 2014. Future costs were discounted
at an annual rate of 3.5%.

Sensitivity analysis
Uncertainty of model parameters was assessed using one-way and prob-
abilistic sensitivity analyses (PSA). For treatment-specific inputs, all
event rates, costs, and health utilities were included. Additionally, ther-
apy discontinuation rates were included for aspirin and apixaban. The
one-way sensitivity analysis explored the impact on model outcomes
from a variation in input parameters of +20% unless otherwise noted,
which includes available 95% confidence intervals.

Adherence is an important consideration when comparing a device-
based therapy to a lifelong pharmacologic therapy. The impact of

different rates of non-clinical discontinuation for aspirin and apixaban
were explored in sensitivity analyses with the lower bound for discon-
tinuation set to zero for complete adherence. The one-way sensitivity
analysis also quantified the impact of changing patient characteristics, in-
cluding baseline stroke and bleeding risks and utility score.

Probabilistic sensitivity analysis assessed the overall uncertainty in the
values used in the model. Model parameters were fitted to a distribution
with the mean equivalent to the base case and an interval of +20%
around the mean. Exceptions were the same as those noted above
with the additional exception of procedure and pharmaceutical costs,
whose upper bounds were set equal to the base case, with the assump-
tion that costs were likely to decrease over time.

All cost parameters were assumed to follow a normal distribution,
event probabilities and health utilities were fitted to a beta distribution,
and relative risks assumed a log normal distribution. The Dirichlet distri-
bution was selected for mutually exclusive events such as the severity of
stroke.36

The PSA was based on a Monte Carlo approach with 5000 iterations
of the model over a 10-year time frame. As Germany does not use a cost
per QALY threshold in its decision-making process, the threshold was
set in accordance with NICE guidelines at E30 000/QALY.37 Results
were reported as an incremental cost-effectiveness ratio (ICER).

Results
Left atrial appendage closure yielded more QALYs than aspirin (1.45
vs. 1.44) and apixaban (2.65 vs. 2.64) at 2 and 4 years, respectively. It
was cost saving compared with aspirin at 7 years and apixaban at 8
years (Figure 2). At 5 years, LAAC was cost effective compared with
aspirin with an ICER of E16 971. Left atrial appendage closure was
cost effective compared with apixaban, with an ICER of E9040 by
year 7. Left atrial appendage closure was both cost saving and
more effective (i.e. dominant) than aspirin and apixaban at 8 years.
By 10 years, LAAC was 25% less expensive than aspirin and 15% less
expensive than apixaban while providing 0.6 additional QALYs rela-
tive to aspirin and 0.2 relative to apixaban (Table 3). This trend con-
tinued throughout the 20-year time horizon.
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Table 2 Cost inputs

Event Cost G-DRG Source

LAAC device and procedure E9136 F95A 31

Minor ischaemic stroke E8249 B39C 31

Major ischaemic stroke E31 829 B39A, B42A 31

Minor haemorrhagic stroke E4357 B70D, B70E 31

Major haemorrhagic stroke E16 802 B70A, B70B, B44C 31

Systemic embolism E2226 B69D 31

TIA E3999 B69A, B69B, B69C, B69D 31

Major gastrointestinal bleeding E2096 G69A, G67B, G67C, G73Z 31

Major extra cranial bleeding outside of the gastrointestinal E1301 D62Z 31

Myocardial infarction E5331 F60A, F60B, F41A, F41B 31

Quarterly cost of functional independence post-stroke E875 NA 33–35

Quarterly cost of moderate disability post-stroke E2745 NA 33–35

Quarterly cost of severe disability post-stroke E4285 NA 33–35

Quarterly cost of aspirin E11 NA Estimate

Quarterly cost of apixaban E292 NA 32
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One-way sensitivity analysis
The cost effectiveness of LAAC relative to comparators was gener-
ally robust to changes in the input variables. Relative to aspirin, the
one-way sensitivity analyses showed that the model was most sen-
sitive to variations in baseline risk of stroke, cost of LAAC, LAAC
implantation success, baseline annual bleeding risk, rate of discon-
tinuation of aspirin, and cost of severe disability (Figure 3). Relative
to apixaban, the model remained most sensitive to these inputs
along with cost of apixaban. Left atrial appendage closure was
cost saving in all cases except for variations in the baseline risk of
stroke. The ICER was ,E30 000 per QALY for all patients with
baseline CHADS2 scores .1, but exceeded this threshold for those
with a score of 1 or lower, a population for which LAAC is typically
not employed. Higher-risk patients demonstrated the greatest cost
savings.

Probabilistic sensitivity analysis
The PSA simulations yielded incremental costs for LAAC vs. aspirin
within a 95% confidence interval that ranged from a cost savings of
E1630 to E9148 (Figure 4). Left atrial appendage closure resulted in

increased life years and QALYs and was cost saving compared with
aspirin and apixaban in 99 and 94% of simulations, respectively.

Discussion
This analysis demonstrates that LAAC with the Watchman device is
a cost-effective strategy for managing non-valvular AF patients who
cannot tolerate warfarin therapy. In the base case analysis, the ICER
compared with aspirin was E16 971 at 5 years, well below the com-
monly cited E30 000 threshold. Further, LAAC was dominant over
both aspirin and apixaban at 8 years, indicating that it is not only cost
effective, but indeed cost saving and more effective than alternatives.
Using the willingness-to-pay threshold of E30 000 per QALY, there
was a .99% probability that LAAC is cost effective in patients with
contraindications to warfarin at 10 years.

For lack of other viable treatment strategies, aspirin had long been
the default standard of care for stroke prevention in warfarin-
contraindicated patients. Recently, new pharmaceutical strategies
have emerged, and in particular, apixaban has demonstrated similar
bleeding risk and improvement in stroke prevention relative to as-
pirin. However, the issue of therapy discontinuation is an important
one and merits further consideration. Adherence to a pharmaceut-
ical regimen has long been a challenge for many clinicians managing
patients with AF. Helgason et al. found that over 6 years, 132 of 229
patients (58%) initially prescribed warfarin therapy following a
stroke had stopped taking their medication.38 And, even apixaban
has been plagued with similar patient compliance issues. In the
AVERROES study, 17.9% of patients in the apixaban group discon-
tinued therapy per year for either clinical or non-clinical reasons.10

On the other hand, by its very nature, non-adherence is not pos-
sible with LAAC; that is, once implanted, there is no ‘maintenance’
required with the Watchman device. Of course, in the ASAP study,
Watchman implantation was followed by 6 months of dual anti-
platelet therapy with aspirin and clopidogrel, and lifelong aspirin
thereafter. So, it does remain possible that Watchman patients
may not remain fully adherent to their prescribed aspirin regimen.
However, there is no indication that there is a significant risk to
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Table 3 Costs, life years, QALYs, and ICERs at 10 years for three risk profiles.

Scenario (annual stroke
risk/annual bleeding risk)

Total
costs

Incremental
costs (vs. aspirin)

Life
years

QALYs Incremental
QALYs (vs. aspirin)

ICER
(vs. aspirin)

ICER
(vs. apixaban)

Base case (8.6%/3.7%)

LAAC E15 837 Cost saving 7.57 4.82 0.61 Dominant Dominant

Apixaban E18 869 Cost saving 7.39 4.59 0.38 Dominant –

Aspirin E21 077 – 7.00 4.21 – – Dominated

Low risk (2.2%/1.9%)

LAAC E12 529 E5876 7.80 5.03 0.13 E46 562 E51 771

Apixaban E10 382 E3729 7.78 4.99 0.09 E44 012 –

Aspirin E6653 – 7.68 4.90 – – –

High risk (10.9%/12.5%)

LAAC E19 236 Cost saving 7.29 4.53 0.75 Dominant Dominant

Apixaban E25 596 Cost saving 7.00 4.16 0.38 Dominant –

Aspirin E29 021 – 6.61 3.78 – Dominated

Cost effectiveness of left atrial appendage closure with the Watchman device 983



discontinuation of dual anti-platelet therapy—likely because
patients know that clopidogrel treatment is only required for a
finite time duration. Furthermore, even the 6-month course of
dual anti-platelet therapy is likely to become truncated; indeed,
the current practice at many centres in Europe is to treat with
dual anti-platelet therapy for only 2–3 months after Watchman
implantation.

The cost of LAAC is understandably higher in the year of the pro-
cedure—related to the cost of the procedure itself and the possibil-
ity of procedure-related complications. However, since these are
one-time costs, LAAC is associated with only minimal cost accrual
thereafter. This is in distinct contrast to treatment with any of the
NOACs that are effective at reducing the risk of stroke, but come
with a substantial and continuing annual cost.

13.7% 4.5%Baseline annual stroke risk

7600 11 400Cost of LAAC procedure (device + procedure)
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Figure 3 One-way sensitivity analysis of incremental costs per QALY for LAAC vs. aspirin over 10 years. One-way sensitivity analysis shows the
deviation from the base case outcomes that result from varying individual inputs to the model.

–30 000

–20 000

–10 000

0

10 000

20 000

30 000

–1 –0.8 –0.6 –0.4 –0.2 0 0.2 0.4 0.6 0.8 1

In
cr

em
en

ta
l 

co
st

s

Incremental QALYs gained 

Less Effective &
More Expensive

More Effective &
More Expensive

Less Effective &
Less Expensive

More Effective &
Less Expensive

Figure 4 Cost-effectiveness plane of LAAC vs. aspirin at 10 years. Left atrial appendage closure is most likely to be more effective and less
expensive than aspirin over 10 years.

V.Y. Reddy et al.984



The stroke disability outcomes as assessed during PROTECT AF
and leveraged here are favourable for LAAC: the majority of strokes
(71%) after Watchman implantation are non-disabling and thus re-
sult in functional independence. The disability following a stroke has
major personal and societal implications. Accordingly, future trials
on stroke prevention strategies should provide more transparent
data on disability outcomes following a stroke.

This analysis utilized the CHADS2 score as the basis for assigning
risk of stroke to be consistent with the ASAP, ACTIVE, and AVER-
ROES studies. Since these studies were undertaken, the European
Society of Cardiology guidelines for the management of AF have
been revised to recommend use of the CHA2DS2VASc score.5

The base case results in this analysis correspond to a CHA2DS2-

VASc score of 5–6. As with CHADS2 results, the cost effectiveness
of LAAC relative to aspirin increases with higher CHA2DS2VASc
score and decreases with lower CHA2DS2VASc scores.

To the best of our knowledge, only one other analysis has been
published on the cost effectiveness of stroke prevention in AF pa-
tients with contraindications to warfarin. Lee et al. assessed the
cost effectiveness of apixaban compared with aspirin and found
that apixaban was inferior to aspirin over a trial-length horizon
but dominant over a 10-year time horizon.23 Our analysis similarly
found the ICERs for both LAAC and apixaban to improve over time.

Limitations
There are limitations fundamental to any modelling analysis, in that it
is a simplification of reality and cannot represent all clinical permu-
tations. Our model allowed for only one clinical event per 3-month
cycle, leveraged data from multiple clinical studies with different
time horizons, and extrapolates out to 20 years. Model results are
based on data from randomized controlled studies and may not be
representative of real-world clinical practice. Additionally, the mod-
el reflects the German healthcare system and costs, and the ICERs
may not be easily generalizable to other healthcare systems.

Patients with contraindications to warfarin have been difficult to
study resulting in few data sources on long-term outcomes. The
Watchman ASAP data used in this analysis covered 14.4 months
of follow-up, and the study was not powered to assess the long-
term risk of haemorrhage or myocardial infarction. Our analysis
has used the only available study of aspirin in AF patients who cannot
tolerate warfarin therapy.

Finally, as clinical probabilities for this analysis were taken from a
study of the Watchman device, results modelled here are specific to
that device and cannot be assumed to represent a class effect for
LAAC. Of course, this manuscript provides a methodology that
could be reasonably followed to examine the cost effectiveness of
other LAAC devices in warfarin-contraindicated patients.

Conclusions
Left atrial appendage closure has the potential to dramatically
change the management of patients with AF at risk for both stroke
and bleeding. The recent European Society of Cardiology and the
American Heart Association/American Stroke Association Guide-
lines suggest that LAAC be considered for these high-risk pa-
tients.5,39,40 Clinical results indicate that LAAC with the
Watchman device is a safe and effective treatment strategy. And,

this analysis demonstrates that LAAC is also a cost-effective
solution.
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