
Cost-effectiveness analysis of left atrial

appendage occlusion in patients with atrial

fibrillation and contraindication to oral

anticoagulation

Frida Labori 1*, Josefine Persson 1, Carl Bonander 1, Katarina Jood 2,3, and

Mikael Svensson 1

1Health Economics and Policy, School of Public Health and Community Medicine, Institute of Medicine, University of Gothenburg, Box 463, Gothenburg 405 30, Sweden;
2Institute of Neuroscience and Physiology, Department of Clinical Neuroscience, The Sahlgrenska Academy at University of Gothenburg, Sahlgrenska University Hospital, Blå
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Aims This study aims to estimate the cost-effectiveness of percutaneous left atrial appendage occlusion (LAAO) com-
pared to standard stroke prevention care for patients with atrial fibrillation (AF) and contraindication to oral anti-
coagulation (OAC) in a Swedish healthcare and public sector perspective.

...................................................................................................................................................................................................
Methods and
results

We used a combined decision tree and cohort Markov model to estimate costs and quality-adjusted life-years
(QALYs) over a lifetime horizon with LAAO compared to standard of care where the treatment effect is based on
a recent meta-analysis. According to our analysis, LAAO gives more QALYs than standard of care (7.11 vs. 6.12).
Furthermore, LAAO treatment is related to the first-year cost of 14 984 Euro (EUR) and higher average healthcare
costs over the lifetime by about 4010 EUR, which gives an incremental cost-effectiveness ratio of LAAO vs. stand-
ard of care at 4047 EUR per gained QALY. From a public sector perspective, LAAO reduces average costs due to
substantial reductions in long-term care and, thus, implies that LAAO is dominant from a public sector perspective
(lower average costs and better health outcomes).

...................................................................................................................................................................................................
Conclusion From both Swedish healthcare and public sector perspectives, LAAO can be considered cost-effective compared

to standard of care for individuals with AF and contraindication to OAC. However, these results must be con-
firmed in health economic evaluations alongside the ongoing randomized clinical trials.
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Key Question Is left atrial appendage occlusion (LAAO) cost-effective for patients with atrial fibrillation (AF) and contraindication
to oral anticoagulation (OAC) compared to the standard of care from a Swedish healthcare and public sector
perspective?

...................................................................................................................................................................................................
Key Finding LAAO is associated with lower cost than the standard of care from a public sector perspective and an incremental

cost of 4010 Euro from a healthcare perspective. Furthermore, LAAO is related to better health outcomes than
the standard of care.

...................................................................................................................................................................................................
Take Home
Message

Treatment with LAAO among individuals with AF and contraindication to OAC can be considered as cost-effective
compared to the standard of care from a Swedish healthcare and public sector perspective.
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Introduction

Stroke is the second most common cause of death and the second
largest cause of disability worldwide,1 about 50% of all stroke survi-
vors suffer from long-term disabilities.2 Stroke can negatively impact
health-related quality of life for stroke survivors for many years. The
economic burden of stroke is extensive for both the individual and
society. The total cost of stroke in the European Union (EU) was
45 billion in 2015, and around 1% of all EU healthcare spending was
on stroke-related healthcare.3 Out of the total costs for stroke,
about half relate to formal healthcare costs, e.g. primary care, in-
patient care, and medication. Furthermore, stroke is associated with
high non-healthcare-related costs, including production loss due to
mortality [5 billion Euro (EUR)], productivity loss due to morbidity (4
billion EUR), and informal care (16 billion EUR).3 In Sweden, the esti-
mated cost of stroke was �500 million EUR in 2009, of which 55%
was related to inpatient care and 12% to municipal care such as
home care services and special housing.4

Atrial fibrillation (AF) is prevalent in 3–4% of the global popula-
tion,5 and substantially increases the risk for the most common

stroke type, ischaemic stroke. Prevention of ischaemic stroke using
oral anticoagulation (OAC) is essential in AF (the term OAC is used
for novel OAC and vitamin K antagonists). ESC guidelines for the
diagnosis and management of AF developed in collaboration with the
European Association for Cardio-Thoracic Surgery recommend
OAC for AF patients with a CHA2DS2-VASc score of >_2 for men
and >_3 for women.5

OAC effectively prevents ischaemic strokes among individuals
with AF, but OAC is also associated with adverse events such as
gastrointestinal bleeding or haemorrhagic stroke. Parts of the popula-
tion with AF in need of stroke prevention are, therefore, ineligible for
treatment with OAC due to contraindications such as bleeding, an-
aemia, or previous intracranial bleeding.5 Instead, these patients can
be recommended for left atrial appendage occlusion (LAAO) as
stroke prevention.5 Our study aims to assess the cost-effectiveness
of LAAO for Swedish patients with AF and contraindication to OAC.
The current literature on the cost-effectiveness of LAAO primarily
focuses on patients with AF eligible for OAC and indicate that LAAO
is cost-effective compared to both novel oral anticoagulants and vita-
min K antagonists.6,7 However, there is limited evidence on the cost-
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..effectiveness of LAAO for individuals with AF and contraindication to
OAC, i.e. the patient population that is recommended LAAO treat-
ment in Europe. To our knowledge, the existing studies focusing on
this population only consider a payer perspective and do not con-
sider all stroke-related costs (e.g. for special housing and home care)
from a public sector perspective and use treatment effect estimates
from very small samples.8,9 We address these limitations by consider-
ing a broader range of stroke-related costs and by leveraging a more
precise effect estimate from a recent meta-analysis of 29 observa-
tional studies on the effectiveness of LAAO in patients with AF and
contraindication to OAC.10

Methods

Due to the lack of randomized controlled trials (RCTs) focusing on indi-
viduals with AF, increased risk of ischaemic stroke and contraindication
to OAC, we estimated the cost-effectiveness of LAAO compared to
standard of care using decision-analytic modelling. We used a combined
decision tree and Markov model, and our analyses are undertaking both
Swedish healthcare and public sector perspectives. We illustrate the
structures of the decision tree and Markov model in Figure 1.

Cohort
The hypothetical cohort used in the Markov model consists of patients
with AF, increased risk of ischaemic stroke, and contraindication to OAC.
When defining the risk of ischaemic stroke, we used the risk assessment
tool CHA2DS2-VASc, which is defined by Congestive heart failure or left
ventricular dysfunction (1 point), Hypertension (1 point), Age >_75 (2
points), Diabetes (1 point), previous Stroke (2 points)-Vascular disease (1
point), Age 65–74 (1 point) and female Sex (1 point) (CHA2DS2-VASc).
The average CHA2DS2-VASc in the cohort is 4 and age 74 years at the
start of the model, which we based on the average CHA2DS2-VASc and
age for the study population in a systematic review and meta-analysis.10

Left atrial appendage occlusion treatment
The treatment under investigation is percutaneous endocardial LAAO.
Percutaneous endocardial LAAO is a procedure that closes the left atrial
appendage with a medical device such as Watchman (Boston Scientific),
Amplatzer Amulet (Abbott Medical), and LAmbre (Lifetech Scientific) to
decrease the risk of ischaemic stroke. According to the ESC guidelines
for AF,5 LAAO can be a treatment alternative for stroke prevention in
individuals with AF, increased risk of ischaemic stroke, and contraindica-
tion to OAC. In Sweden, the post-procedural treatment consists of as-
pirin for 6 months after the procedure (to decrease the risk of device-
related thrombosis), followed by no pharmacological antithrombotic
treatment.

Standard of care
In our analysis, we compared LAAO with standard of care in Sweden.
Our analysis refers to standard of care as no pharmacological antithrom-
botic treatment to prevent ischaemic stroke in individuals with AF,
increased risk of ischaemic stroke, and contraindications to OAC.11

Therefore, aspirin is not considered a comparator in our analysis, follow-
ing the ESC guidelines for AF,5 which state that aspirin monotherapy
(antiplatelet treatment) should not be used for stroke prevention in this
patient population.

Model structure
During the intervention year (Year 1), we used a decision tree to allocate
the cohort into the Markov model for LAAO, including patients with suc-
cessful and unsuccessful LAAO procedures and the Markov model for
the standard of care. Furthermore, we used the decision tree to estimate
the first-year costs of LAAO treatment.

We used the Markov model to extrapolate the cost and health effects
from the year after the intervention (Year 2) and forward. The model
applies a one-year cycle length (i.e. individuals can change health state
every year). The model used a lifetime horizon and continued until
>99.9% of the individuals in a cohort entered the all-cause mortality
health state.12

In the Markov model, we divided the health states related to ischaemic
stroke according to the modified Rankin scale (mRS), which measure the
individual’s level of disability and dependency in daily life. The scale ranges
from zero to six, where zero refers to no dependency and six is dead.13

The Markov model consists of 11 health states (Figure 1). During the
second year, individuals can enter one of the following states: stroke-free
survival, ischaemic stroke mRS 0–2 (no dependency), ischaemic stroke
mRS 3 (moderate dependency), ischaemic stroke mRS 4–5 (severe de-
pendency), or all-cause mortality. The stroke-free survival health state
includes still alive individuals who have not yet had an ischaemic stroke.
Individuals cannot return to this health state after entering any of the
other health states. Each ischaemic stroke health state is related to a re-
current ischaemic stroke and post-ischaemic stroke health state. After an
individual has had an ischaemic stroke, they can have an additional ischae-
mic stroke (recurrent stroke) with the same mRS status or a recurrent
stroke with higher mRS. If the individual did not have stroke recurrence,
the individual would enter a post-ischaemic stroke state with the corre-
sponding mRS in the next cycle. An individual can only stay in any ischae-
mic stroke health states for one cycle before entering either the
recurrent ischaemic stroke or the post-ischaemic stroke state. The indi-
viduals can remain in the health states ‘recurrent ischaemic stroke’ and
‘post-ischaemic stroke’ for an unlimited number of cycles. Individuals who
have entered the post-ischaemic stroke states can have additional ischae-
mic strokes by entering any recurrent ischaemic stroke state. In the
Markov model, the individuals cannot enter a health state with lower
mRS (dependency in daily life) than in the previous cycle. The cohort can
enter the all-cause mortality health state from all health states.

Transition probabilities
As illustrated in the decision tree (Figure 1), individuals with contraindica-
tions to OAC can be assigned LAAO or standard of care. The LAAO
procedure can either be successful or unsuccessful. We assume that
97.3% have a successful procedure based on a recent systematic review
and meta-analysis.10 Individuals with a successful LAAO procedure con-
tinue to the Markov model with transition probabilities related to LAAO
treatment in Year 2. In contrast, individuals with an unsuccessful LAAO
procedure continue to the Markov model for LAAO treatment.
However, they are assigned transition probabilities related to standard of
care treatment. The cohort with the standard of care enters the Markov
model with transition probabilities associated with the standard of care.

Risk of ischaemic stroke

Our model assumes that the risk of having an ischaemic stroke after
LAAO treatment is 1.39 per 100 person-years, based on a meta-analysis
that estimated the incidence rate of ischaemic stroke of patients with AF,
contraindication to OAC and a CHA2DS2-VAS score of 4.10 We based
the distribution of mRS categories for individuals with LAAO treatment

1350 F. Labori et al.
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on the distribution reported by Reddy et al.,9 which suggests that individu-
als with an ischaemic stroke after LAAO treatment have fewer strokes
that result in mRS 3 and mRS 4–5 compared to the individuals with stand-
ard of care in our analysis (Table 1). The assumed risk of ischaemic stroke
for individuals with standard of care is 5.5 per 100 person-years, based on
a predicted risk score estimated through a cohort with AF and no stroke
prevention in Sweden.14 We estimated the distribution of mRS catego-
ries when having an ischaemic stroke without stroke prevention in a data-
set from the Swedish Stroke Register dataset (Riksstroke) (ethical
approval: Dnr: 817_17 and Dnr: 2019-03535). The dataset includes indi-
viduals diagnosed with International Statistical Classification of Diseases
and Related Health Problems (ICD-10) codes I.63 Cerebral infarction and
I.64 Stroke, not specified as haemorrhage or infarction in Year 2010 or 2011
in Sweden. The dataset includes individuals with age 64–84, a range that is
10 years younger and older than the mean age at the start of the model.
The reason for this age span is to get a larger sample. We estimated the
mRS distribution by mapping available variables in the Riksstroke dataset
into mRS scores according to the article by Eriksson et al.15 After experi-
encing an ischaemic stroke, all individuals in the model have a 5.1% annual
risk of recurrent stroke.16

Risk of death

We based age-related mortality on public-use data from Statistics
Sweden17 and the National Board of Health and Welfare.18 Age-related
mortality was divided into 5-year age categories and calculated by dividing
the total number of deaths (except deaths due ICD-10 I.63 and I.64) by
the population size in the corresponding age group. Age-related mortality
applies to all health states in the Markov model. The yearly stroke-related
risk of death is set to 23.3% and is a weighted average based on the popu-
lation size of the percentage of individuals who died within a year after
ischaemic stroke in the age groups 65–74 and 75–84.19 The risk of
stroke-related death was added to the age-related mortality in the health
stages related to ischaemic stroke and recurrent stroke.

Resource use and cost
Left atrial appendage occlusion

We applied all costs related to the LAAO procedure in Year 1 of the
model, including a pre-procedure cardiac computed tomography (CT),
transthoracic echocardiography, a post-procedure physician visit, post-
procedure cardiac CT, transoesophageal echocardiography, procedure
cost, and related inpatient care. Individuals with a successful LAAO

procedure have pharmaceutical treatment consisting of aspirin during the
first six months.

Healthcare visits

Healthcare visits divide into inpatient care, specialized outpatient care
and primary care. We based healthcare utilization on Lekander et al.,20

who reports average resource use for the first and second years after an
ischaemic stroke for each mRS category. We apply the resource use the
first year after an ischaemic stroke in the health states ‘ischaemic stroke’
and ‘recurrent stroke’ and second-year resource use for the post-
ischaemic stroke health state. Resource use in each health state is pre-
sented in Supplementary material online, Table S1.

Home care services and special housing

To estimate the additional cost of home care and special housing, we esti-
mated the proportion of individuals who change their living arrangement
and receive home care or move to special housing after an ischaemic
stroke through the dataset from the Riksstroke data described in the Risk
of ischaemic stroke section. For the individuals that change their living ar-
rangement, i.e. receive home care services or move to special housing,
we apply the average resource use based on the resource use reported

.................................................................................................

Table 1 Distribution of modified Rankin scale catego-
ries after ischaemic stroke with left atrial appendage oc-
clusion treatment and standard of care

mRS category LAAO treatment

(proportion)

Standard of Care

(proportion)

From mRS 0–2

mRS 0–2 0.88 0.60

mRS 3 0.06 0.19

mRS 4–5 0.06 0.21

From mRS 3

mRS 3 0.50 0.47

mRS 4–5 0.50 0.53

From mRS 4–5

mRS 4–5 1 1

LAAO, left atrial appendage occlusion; mRS, modified Rankin scale.

Figure 1 The decision-analytic model: decision tree used for Year 1 and the long-term Markov model for the remaining years.

1351Cost-effectiveness analysis of left atrial appendage occlusion
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by Lekander et al.20 (Supplementary material online, Table S1). Our
Markov model assumes that individuals with mRS 0–2 have no additional
home care services or special housing after an ischaemic stroke. We as-
sume this because when mapping variables in the dataset from Riksstroke
to mRS,15 a criterion for mRS 0–2 is that individuals live in their own
housing without home care services. Similarly, we assume that individuals
with mRS 3 have no additional utilization for special housing. However,
49% of the individuals with mRS 3 have home care services after the is-
chaemic stroke. Individuals with mRS 4–5 can have either home care or
special housing. Per the Riksstroke data, we assume that 21% and 40%
have home care services and special housing, respectively. We apply
home care and special housing during the first year in the health states is-
chaemic stroke and the second-year utilization in the post-ischaemic
stroke health state.

Unit costs

The average procedure cost of LAAO is based on the medical episode
when a device-related code registered at Sahlgrenska University Hospital
(the largest hospital in Sweden located in Gothenburg). We received all
costs related to the LAAO procedure from the cost per patient database
at the Sahlgrenska University Hospital. The prices of pharmacological
treatments were estimated using the Dental and Pharmaceutical Agency,
product of the month (May 2021).21 Unit cost applied for inpatient care,
specialized outpatient care, and primary care are based on the unit costs
reported by Lekander et al.20 We based the unit cost for home care serv-
ices on the average cost per hour of home care services in Sweden
2011,22 and the cost of living in a special housing per day was based on
the average yearly cost of special housing in Sweden in Year 201823 div-
ided by 365. We report all unit costs in Table 2. Deaths (including those
that were stroke-related) were not associated with any costs in our
model due to a lack of relevant data (this is a conservative approach that
favours the standard of care arm). All prices are presented in the year
2020 price level, and we applied a 3% discount rate. Costs are presented

as EUR and are converted from Swedish krona (SEK) to EUR with an ex-
change rate of 10.91, i.e. 1 EUR = 10.91 SEK.

Health outcomes
Health outcomes are provided through quality-adjusted life-years
(QALYs). We estimated the average decrements in QALY weight for
each mRS category through the dataset from Riksstroke described in the
Risk of ischaemic stroke section. The average QALY weight decrements
were based on Ghatnekar et al.24 Our dataset from Riksstroke does not
contain the proxy response question, i.e. if healthcare personnel or rela-
tives answered the questionnaire. Therefore, the coefficient for proxy
responses was not applied. When calculating the QALY weights for each
mRS category, we applied the QALY weight decrements to the
EuroQol-5 dimensions index for age group 70–79 and 80–88 presented
by Burström et al.25 The age-related QALY weight for 70–79 was applied
for age 74–79, and for ages >_80, the QALY weight for 80–88 years was
applied. The QALY decrements from stroke-free survival to each mRS
category are reported in Table 3. We applied QALY weights when the
cohort entered the Markov model, and no QALY weights were applied
in the decision tree.

Perspective of the analysis
We carried out analyses from the Swedish healthcare perspective and
the public sector perspective. The healthcare perspective included the
costs that occur within the healthcare sector, such as inpatient care and
primary care. In addition to healthcare costs, the public sector perspec-
tive also consists of municipal care costs, such as home care and special
housing. We did not include the cost of production loss in either analysis
because the cohort’s age was 74 years at the start of the model. In the
results, we present healthcare and public sector costs as the mean cost
per patient during a lifetime horizon in each treatment alternative and the
incremental cost (i.e. the difference in cost between the treatment alter-
natives). QALYs are presented as the mean number of QALYs per

....................................................................................................................................................................................................................

Table 2 Unit costs

Cost item EUR Statistical range* (EUR) Reference

Health care

Inpatient carea (day) 723 (578; 867) 20

Inpatient careb (day) 656 (525; 787) 20

Specialized outpatient care (visit) 167 (134; 201) 20

Primary care (visit) 109 (87; 131) 20

Municipal care

Home care services (hour) 43 (34; 51) 22

Special housing (day) 224 (179; 269) 23

LAAO

Cardiac CT (pre-procedure) 355 (284; 426) Cost per patient

TTE (pre-procedure) 276 (220; 331) Cost per patient

LAAO procedure 13 225 (10 580; 15 870) Cost per patient

Physician visit (post-procedure) 347 (278; 416) Cost per patient

TEE (post-procedure) 417 (334; 501) Cost per patient

Cardiac CT (post-procedure) 355 (284; 426) Cost per patient

Aspirin (6 months) 10 (8; 12) 21

CT, computed tomography; EUR, Euro; LAAO, left atrial appendage occlusion; TEE, transoesophageal echocardiography; TTE, transthoracic echocardiogram.
aThe unit cost applied for inpatient care when entering the health states ischaemic stroke and recurrent stroke.
bThe unit cost applied for inpatient care when entering the health state post-ischaemic stroke.
*Statistical range is ±20% from the base case value.

1352 F. Labori et al.

https://academic.oup.com/eurheartj/article-lookup/doi/10.1093/eurheartj/ehab847#supplementary-data


..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

.

patient from a lifetime perspective and the incremental QALYs (i.e. the
difference in QALYs between treatment alternatives). We present the
base case cost-effectiveness result as an incremental cost-effectiveness
ratio (ICER), which estimates the cost per QALY gained. To judge cost-
effectiveness, we used the commonly used threshold value in Sweden of
500 000 SEK26 (45 829 EUR).

Sensitivity analysis
We used both a one-way deterministic sensitivity analysis (DSA) and a
probabilistic sensitivity analysis (PSA) to assess uncertainty in the cost-
effectiveness results.

In the DSA, we changed one input parameter at a time keeping all
others at base case value, and the input parameters were decreased and
increased by 20%. The 10 parameters with the most significant influence
on the ICER are illustrated in a Tornado diagram.

When conducting the PSA, we performed 1000 simulations, varying
the input parameters within a range and applying different distributions.
Standard errors were not available to the authors for any input parame-
ters except for the risk of ischaemic stroke with LAAO treatment, QALY
weights, and QALY decrements. Therefore, we calculated the standard
error by assuming that a statistical range of ±20% around the base case
value equals the confidence interval. We applied the gamma distribution
to all unit costs, count input parameters and QALY decrements. We
applied a beta distribution for input parameters with a restricted range
between 0 and 1, such as the distribution of mRS categories after an is-
chaemic stroke. We present detailed information on the distribution
applied to each input parameter in Supplementary material online, Table
S2. We illustrate the results of the 1000 simulations and the base case
ICER in a cost-effectiveness plane.

Scenario analysis
We performed several scenario analyses to address the different uncer-
tainties in the base case analysis. In our base case analysis, LAAO reduces
the risk of ischaemic stroke by 74.7% (treatment effect). It also reduces
dependency in daily life (mRS) after an ischaemic stroke; a larger share of
the stroke-affected individuals have mRS 0–2. We performed a scenario
analysis where we only changed the treatment effect (incidence of ischae-
mic stroke with LAAO treatment) on ischaemic stroke to 50% and 25%.
As a second scenario analysis, we conducted an analysis where we
assumed LAAO treatment to have the same distribution of the mRS as
the standard of care, i.e. LAAO does not affect dependency in daily life
after an ischaemic stroke. Simultaneously, we reduced the treatment ef-
fect to 50%, 25%, and until the ICER was above the Swedish threshold
value.

Results

Costs
In our analysis, LAAO treatment is associated with a first-year cost of
14 984 EUR, including a procedure cost, clinical examinations, phys-
ician visit, and post-procedural treatment. Moreover, LAAO is associ-
ated with lower cost during the remaining years compared to
standard of care. From a healthcare perspective, the average cost per
patient is estimated to be 19 032 EUR and 15 022 EUR for LAAO
and standard of care, respectively, i.e. an incremental cost with
LAAO of 4010 EUR. From the public sector perspective, the mean
cost per patient over the lifetime perspective was estimated to be 21
029 EUR with LAAO and 31 281 EUR with standard of care, which
suggest that LAAO treatments cost 10 252 EUR less than standard of
care from the public sector perspective. All costs are presented in
Table 4.

Health outcomes
In our model, LAAO is related to higher average QALYs per patient
over the lifetime perspective compared to standard of care. The
main drivers of this difference are that LAAO is associated with a
lower risk of having the first ischaemic stroke in our model. In add-
ition, the individuals that experience ischaemic stroke get less dis-
abling ischaemic stroke than individuals with standard of care. The
mean estimated QALY per patient with LAAO is 7.11 and 6.12 with

....................................................................................................................................................................................................................

Table 3 Age-related quality-adjusted life-year weights and quality-adjusted life-year decrements applied according to
modified Rankin scale

Health state QALY weight 95% confidence interval Reference

Stroke-free survival age 70–79 0.790 (0.77, 0.81) (25)

Stroke-free survival age >_80 0.740 (0.70, 0.78) (25)

mRS category QALY weight decrement 95% confidence interval Reference

mRS 0–2 0.097 (0.04, 0.16) Riksstroke data

mRS 3 0.235 (0.18, 0.29) Riksstroke data

mRS 4–5 0.707 (0.65, 0.77) Riksstroke data

mRS modified Rankin scale; QALY, quality-adjusted life-year.

.................................................................................................

Table 4 Mean costs and health outcomes per patient
from the Markov model

LAAO Standard

of care

Difference

Costs

Healthcare

perspective

19 032 EUR 15 022 EUR 4010 EUR

Public sector

perspective

21 029 EUR 31 281 EUR -10 252 EUR

Health outcomes

QALYs 7.11 6.12 0.99

EUR, Euro; LAAO, left atrial appendage occlusion; QALY, quality-adjusted life-
year.
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..standard of care over the lifetime perspective, which results in an in-
cremental QALY of 0.99 (Table 4).

Cost-effectiveness analysis
According to our model, stroke prevention with LAAO is more cost-
ly and more effective from a healthcare perspective, with an ICER of
4047 EUR, which is below the Swedish threshold value of 45 829
EUR. From a public sector perspective, stroke prevention with
LAAO is dominant, i.e. less costly and more effective than standard
of care (Table 4).

Deterministic sensitivity analysis
The input parameter that has the greatest impact on the base case
ICER from a healthcare perspective is the predicted risk of ischaemic
stroke with standard of care, followed by the cost of the LAAO pro-
cedure. Similarly, from the public sector perspective, the predicted
risk of ischaemic stroke with standard of care was the input param-
eter with the largest impact on the ICER. We report the ten most in-
fluential input parameters from the healthcare and public sector

perspectives in Figure 2. However, when conducting the DSA regard-
less of perspective, none of the changes in input parameters influen-
ces the interpretation of the base case results, and according to the
DSA, the base case results can therefore be considered robust.

Probabilistic sensitivity analysis
Of the simulated ICER, most are still in the northeast quadrant of the
cost-effectiveness plane (i.e. more costly, more effective) and locates
below the Swedish threshold value (Figure 3A) from a healthcare per-
spective. However, some of the simulated ICERs from a health care
perspective is located in the southeast quadrant. From a public sector
perspective, 99.9% of the ICERs remain located in the southeast
quadrant in the cost-effectiveness plane from a public sector per-
spective (i.e. less costly, more effective) (Figure 3B).

Scenario analysis
When we decrease the treatment effect, i.e. reducing the incidence
rate of ischaemic stroke with LAAO to 50% and 25%, the ICERs from
the healthcare perspective remain below the Swedish threshold

Figure 2 Tornado diagram from the deterministic sensitivity analysis from both the healthcare perspective (A) and the public sector perspective
(B). ^Applied for inpatient care when entering the health states ischaemic stroke and recurrent stroke. ^ ^Applied for inpatient care when entering
the health state post-ischaemic stroke. *Applied for special housing when entering the health state post-ischaemic stroke.

1354 F. Labori et al.
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value. From a public sector perspective, LAAO is still dominant com-
pared to standard of care. In the final scenario analysis, we assume
similar distribution of mRS categories as the standard of care and re-
duce the treatment effect. When we reduce the treatment effect of
LAAO on ischaemic stroke to 50%, LAAO is considered cost-
effective. However, when we reduce the treatment effect to 25%,
the ICER is located above the threshold value, i.e. not considered
cost-effective from a healthcare perspective. When we reduce the
treatment effect of LAAO on ischaemic stroke to 50% and 25%, the
ICERs from the public sector perspective remains below the thresh-
old value. From a public sector perspective, the treatment effect can
be reduced to 20% before the ICER exceed the threshold value.
Detailed results from the scenario analysis are available in
Supplementary material online, Table S3.

Discussion

Our analysis indicates that preventing ischaemic stroke with LAAO in
individuals with AF, increased the risk of ischaemic stroke and contra-
indication to OAC is cost-effective both from a healthcare perspec-
tive and a public sector perspective. LAAO is associated with the
first-year cost of 14 984 EUR. From a healthcare perspective, LAAO
is associated with a higher cost of 4010 EUR per patient over the life-
time horizon than standard of care. However, LAAO is cost saving
from a public sector perspective. LAAO is also associated with more
QALYs than standard of care over a lifetime horizon (Graphical
Abstract).

Our results are coherent with the two other studies investigating
the cost-effectiveness of LAAO as stroke prevention in individuals
with AF and contraindication to OAC.8,9 However, our analysis dif-
fers from these studies in several ways. Previous studies8,9 focusing
on individuals with contraindications compared LAAO treatment
with aspirin. According to the ESC guidelines for AF, monotherapy
with aspirin is considered non-effective for stroke prevention and for
older populations with AF, this treatment can even be harmful.
Therefore we compared LAAO with standard of care, which in our
case equals no pharmacological antithrombotic treatment since there
is no effective pharmacological antithrombotic treatment for AF
patients with contraindication to OAC.

Furthermore, we estimated the costs that appear within the
healthcare budget and a broader public sector perspective, including
home care services and special housing, which, to our knowledge,
none of the other cost-effectiveness analyses of LAAO has included.

In addition, previous cost-effectiveness analyses of LAAO based
the effectiveness of LAAO for stroke prevention on small sample
sizes. Saw et al.8 based the clinical input of LAAO on 52 individuals27,
and Reddy et al.9 used 150 individuals28 to estimate the clinical inputs
related to LAAO. In contrast, we based the effectiveness of LAAO
for stroke prevention (treatment effect) on a systematic review and
meta-analysis that included 7519 individuals with AF and contraindi-
cation to OAC that had received LAAO treatment.

We did not consider it appropriate to use the treatment effects
from the PROTECT-AF and/or PREVAIL trials29,30 since these RCTs
compared LAAO to vitamin K antagonists in populations eligible for
OAC. However, ongoing RCTs (e.g. ASAP-TOO, NCT02928497)

Figure 3 Cost-effectiveness plane illustrating the base case incremental cost-effectiveness ratio together with the simulated incremental cost-ef-
fectiveness ratios from a healthcare perspective (A) and a public sector perspective (B).
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.
focus on individuals with AF and contraindication to OAC, but these
are not yet completed. Thus, until the effectiveness of LAAO is docu-
mented in one or more well-conducted RCTs, including the relevant
population given the European guidelines, the actual effectiveness of
LAAO contains significant uncertainties.

An uncertainty that could affect cost-effectiveness is that we as-
sume that individuals with LAAO treatment experience ischaemic
strokes that are less disabling (lower mRS). Due to the lack of other
sources, we make this assumption based on the study by Reddy
et al.9 that presents the mRS distribution in the PROTECT-AF popu-
lation. However, as mentioned above, their study population differed
from the population we investigated.

We accounted for the uncertainties above in the scenario analysis
by setting the mRS distribution for both alternatives to the standard
of care mRS distribution and simultaneously reduced the treatment
effect. As a result, the scenario analysis showed that the treatment ef-
fect (reducing ischaemic strokes) of LAAO could be lowered to 20%
and remained below the threshold value from a public sector per-
spective (base case treatment effect 74.7%).

Limitations
A common concern when applying different sources of secondary
data to populate a decision-analytic model is how well the secondary
data are matched to the patient population in the model. We have
addressed this as far as possible by thoroughly reviewing potential
data sources and applied the sources that we consider to be most ap-
propriate for our patient population and our model. Further, we
have conducted a PSA where all input values are varied
simultaneously.

Due to the lack of completed RCTs focusing on individuals with
AF and contraindication to OAC, we based the effectiveness of
LAAO on a systematic review and meta-analysis that included 29 ob-
servational studies and 7951 individuals with contraindications to
OAC and mean CHA2DS2-VASc of 4.32 that received LAAO.10 In
that study, the authors compared the estimated incidence rate of is-
chaemic stroke at CHA2DS2-VASc 4 with LAAO to no antithrom-
botic treatment via a predicted risk score. The predicted risk score
was based on a large cohort of individuals with AF in Sweden.14 This
comparison could potentially overestimate the effectiveness of
LAAO, so we, in addition to the DSA and PSA, also conducted sev-
eral scenario analyses where we reduced the treatment effect from
74.7% to 50%, 25%, and until LAAO treatment was no longer consid-
ered cost-effective. Our scenario analyses indicated that LAAO could
be cost-effective if the treatment effects are at least 20%, which could
be used as a benchmark when future randomized evidence is
produced.

Another limitation is the assumptions made when conducting the
PSA. Uncertainty estimates were unavailable for most input parame-
ters. For these parameters, we assumed a statistical range of ±20%
from the base case value, as ignoring the uncertainty completely is
not considered a viable option.31 If we had access to actual standard
errors for all parameters, the PSA results would potentially be more
accurate.

A final limitation is that we did not consider the increased risk of
major bleeding during the first six months after the LAAO procedure
when the individual was on aspirin. Previous studies have shown that
aspirin is associated with a significantly increased risk of major

bleedings, with an absolute risk of 1.3% per year with aspirin.32

However, since aspirin is prescribed only for six months after the
LAAO procedure, the increased risk of major bleeding for half a cycle
in the model would have a limited impact on the results. Major bleed-
ing was, therefore, not included in the model.

Conclusions

According to our decision-analytic model, LAAO is cost-effective for
stroke prevention in individuals with AF and contraindication to
OAC from both a healthcare perspective and a public sector per-
spective. However, our results need to be confirmed by health eco-
nomic evaluations alongside the currently ongoing clinical trials that
directly evaluate LAAO in this patient group. In the meantime, this
study contributes with valuable information for decision-makers
about the cost-effectiveness of LAAO for individuals recommended
LAAO treatment for stroke prevention.

Supplementary material

Supplementary material is available at European Heart Journal online.
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