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Abstract

Background: Strokes cause an estimated annual health care burden of 170 billion euros across Europe. Atrial
fibrillation is one of the major risk factors for stroke and increases the individual risk 4.2-fold. But prevention with
anticoagulants may reduce this risk by 70%. Screening methods are employed to detect previously undetected
atrial fibrillation. Screening studies in various European countries show a high degree of undetected atrial
fibrillation. This study aims to assess the cost-effectiveness of systematic screening with a smartphone application,
named Preventicus Heartbeats. It is a hands-on screening tool for use on smartphone to diagnose AF with high
sensitivity and specificity.

Methods: A previously published model for calculating screening cost-effectiveness was extended to 6 European
countries covering a wide range in terms of treatment costs and epidemiologic parameters.

Results: The use of screening lowers the cost per case in countries with comparatively high levels of health care
costs (Switzerland: -€75; UK: -€7). Moderate higher costs per case were observed in 4 countries (Greece: €6;
Netherlands: €15). Low levels of health care costs result in less or no potential for further cost reduction (Poland:
€20; Serbia: €33). In all countries considered, the model showed an increase in effectiveness measures both in the
number of strokes avoided and the quality adjusted life years. The number of strokes avoided per 1000 participants
ranged from 2.52 (Switzerland) to 4.44 (Poland). Quality-adjusted life-years per case gained from screening ranged
from 0.0105 (Switzerland) to 0.0187 (Poland). The screening procedure dominated in two countries (Switzerland,
UK). For the remaining countries, the incremental cost effectiveness ratio ranged from €489/QALY (Greece) to
€2548/QALY (Serbia).
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Conclusion: The model results showed a strong dependence of the results on the country-specific costs for stroke
treatment. The use of the investigated screening method is close to cost-neutral or cost-reducing in the Western
European countries and Greece. In countries with low price levels, higher cost increases due to AF screening are to
be expected. Lower costs of anticoagulation, which are expected due to the upcoming patent expiry of direct
anticoagulants, have a positive effect on the cost result.

Keywords: Atrial fibrillation, Screening, Prevention of stroke, Cost-effectiveness analysis

Introduction
International studies show a high-cost burden of stroke
in Europe. A multinational study in 2017 estimated the
direct cost burden of EUR 60 billion (=1.4% of total dir-
ect health care costs) [1]. The same study estimated the
sum of direct and indirect costs at €169 billion. Earlier
analyses [2] estimated the direct costs of stroke in the
EU at a similar level, but [3] projected a 36% increase in
the incidence of stroke between 2000 and 2025. This de-
velopment is mainly due to the ageing of the population.
In contrast, age-adjusted calculations of stroke incidence
show a constant or decreasing trend [4]. Similar trends
can be expected in the prevalence of atrial fibrillation
due to age. Krijthe et.al [5]. estimate on the basis of
Dutch results that the number of people with atrial fib-
rillation in the European Union (then 28 member states)
will increase from 211 million in 2000 to 547 million in
2060.
Atrial fibrillation (AF) is the most common arrhythmia

of clinical significance [6]. It is a supraventricular tachy-
arrhythmia with uncoordinated activity of the atria and
frequencies between 350 to 600 bpm. Result is functional
loss of activity of the atria with reduction of cardiac out-
put [7]. AF is associated with increased morbidity, espe-
cially stroke and heart failure, and increased mortality
[8–11] and constitutes a significant public health prob-
lem [12–14]. The prevalence of diagnosed AF is esti-
mated 1% in Germany with increase in the old age (8%
in population above 80 years) [15].
AF is mainly discovered in patients who seek medical

treatment due to related clinical symptoms (palpitations,
shortness of breath, etc.) or in previously asymptomatic
patients after they have suffered a stroke which was pos-
sibly caused by cerebral embolism [6]. Due to the rela-
tively short observation periods, e.g., only around 60 s
with a usual resting ECG, some screening studies pro-
vide low detection rates of previously undetected AF.
AF/Stroke: AF is associated with higher mortality, and,

if stroke occurs, AF patients suffer a significantly higher
degree of disability, death and risk of a second stroke
within 12 months compared to non-AF patients [16–20].
OAC/DOAC: Anticoagulating agents to reduce the

risk of stroke with AF have been in clinical use since the
1980s. Several studies found oral anticoagulation to re-
duce the risk of stroke by 65–80% in patients with AF

[21, 22]. Guidelines therefore require mandatory preven-
tion with anticoagulants in AF patients with additional
risk factors [23]. Vitamin K antagonists and antiplatelet
agents have been increasingly replaced by direct (or
“non-vitamin K antagonist”) oral anticoagulants (NOAC)
in the last 5 yrs. They show a slightly improved effective-
ness and a significantly improved safety profile com-
pared with vitamin K antagonists, particularly with
regard to bleeding [24–28].
Thus, systematically undetected AF is a systematic risk

for stroke for patients who could otherwise benefit from
an anticoagulation therapy. Therefore, early detection
and appropriate measurements reduce the number and
burden of strokes.
“Preventicus Heartbeats” is a Class 2a medical app

with the purpose to detect and record the presence or
absence of AF episodes by means of regular short mea-
surements on the participant’s mobile phone. The tech-
nology is based on recordings of photopethysmographic
(PPG) signals which is widely used for pulse detection.
By simply putting a finger on the smartphone camera
the pulse curve is recorded and automatically analyzed.
Pathological reports are reviewed by a telecare center
before indicating the result to the user. A training pro-
gram on how to perform measurements is integrated in
the app as well as aids and feedback tools. Sensitivity
and specifity of atrial fibrillation detection compared to
the gold standard electrocardiogram were determined in
prospective validation studies [29, 30].. Participants diag-
nosed with absolute arrhythmia during the “AF screen-
ing” will undergo a validation phase of up to 2 wks. A
continuously recording, telemetric chest ECG event re-
corder (“AF confirmation”) allows the final diagnosis
and an appropriate treatment of AF according to the
guidelines, by ruling out incorrect screening results or
results that are not relevant for treatment, which may
arise from short-term arrhythmia episodes during the
mobile phone measurement.
There are strong differences between European coun-

tries in the epidemiology of atrial fibrillation and stroke
[31–33]. European-wide cost studies (e.g. [1, 34, 35])
similarly show strong differences in health care cost
levels and especially in the treatment of stroke. In the
study presented here, a model framework developed for
Germany and already published ([36]) was applied to 6
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other European countries (UK, Netherlands, Switzerland,
Greece, Poland, Serbia), which differ strongly in terms of
both epidemiology and cost position.

Methods
To model the cost-effectiveness of using a screening
method to prevent stroke, we adopted a published Mar-
kov cohort model [36] (see Fig. 1).
The model represented a hypothetical screening pro-

gram among people insured by the statutory health in-
surance in Germany. In accordance with the ESC
guidelines for the diagnosis of atrial fibrillation, this
model was limited to the screening of insured persons
aged 65 years and older [37].
In the treatment arm of the model, the target popula-

tion is screened with Preventicus Heartbeats. Partici-
pants with abnormal heart rhythm patterns are then
examined by ECG. After the ECG step identifies previ-
ously unrecognized AF, stroke prevention is performed
with anticoagulation medication. Endpoints of the model
are the number of strokes avoided and the effect of the
procedure on quality of life measured by quality adjusted

life years (QALY). The model considers gastrointestinal
bleeding and increased likelihood of intracerebral
hemorrhage as adverse events of anticoagulant treatment.
In the alternative branch of the model, patients with

undetected AF have an increased incidence of stroke,
which is associated with a lower quality-adjusted
remaining lifetime. There is a cost tradeoff between the
two branches: major cost components in the treatment
branch are the screening costs and the costs for anticoa-
gulation treatment. In the alternative branch, higher
costs arise from the increased incidence of stroke.
Model endpoints are, on the cost side, the cost effect

of the screening procedure from the perspective of the
national payers. Effectiveness endpoints are the number
of strokes avoided and the effect on quality of life.
The model calculation is performed in the base case
for 45 years after the screening time point, which gen-
erally corresponds to the remaining lifetime of people
over 65 years of age. The sensitivity calculations devi-
ate from this assumption.
The model parameters can be divided into three

groups: effectiveness, costs and epidemiology. Regarding

Fig. 1 Markov model structure, adopted from [36]
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effectiveness (quality of the screening procedure, preven-
tion of stroke, assessment of quality of life), the parame-
ters of the model of [36] were adopted (Table 1).
Screening and treatment costs and epidemiology require
different assumptions for each of the countries
considered.

Assumptions effectiveness
The Preventicus Heartbeats screening procedure has
been found to have a sensitivity of 92% and a specificity
of 99% (Detect AF). 85% of cases in which Preventicus
Heartbeats detects AF are confirmed in the two-week
validation phase (assumption according to [38]). Previ-
ous studies found a 60–85% reduction in stroke inci-
dence in patients with drug-assisted stroke prevention
compared with patients without stroke prevention [22,
24]. Table 1 contains a summary of the assumptions on
effectiveness.

Assumptions costs
The costs for Preventicus screening in Germany are
€47.54 (as of June 2020) for the screening app and a fur-
ther €279.50 per case for the 2-week validation of posi-
tive cases. These costs are also assumed for the Western
European countries considered. Lower screening costs
are assumed in the considered countries in Eastern and
South-Eastern Europe (Poland, Serbia, Greece). The ex-
tent of price reduction is proportional to an OECD
index of health care costs [35]. The basis for the costs of
outpatient treatment in the preventive and acute phases
are the costs of the statutory health insurance in
Germany [41] according to the EBM catalogue. These
costs were projected to the other countries considered
using the OECD index mentioned above. The average
prices for anticoagulants were researched for the coun-
tries considered (Supplement, Tables 1-2). For the
DOAC share, 35% was assumed in the model following
the results of [42].
The DRG catalogues of the countries under consider-

ation were used to determine the inpatient stroke costs.
In the DRG catalogues, the costs for the treatment of

mild, moderate and severe cases were determined and
weighted uniformly. Publications on hospital costs for
stroke with divergent results were considered ([43–45]).
The result was an index of inpatient stroke costs for the
6 countries considered (Supplement, Tables 3-4). Using
this index, the cost assumptions for inpatient stroke
costs from the model ([40], figures inflated by [36]) were
projected to the other countries considered. Costs for re-
habilitation, nursing and outpatient care after stroke
were adjusted using the OECD healthcare price index
[35] (see Table 2). Inflated case costs for Germany ([36,
40]) were split into inpatient and outpatient treatment.
For the 6 countries considered, inpatient and outpatient
costs were derived from the German data using the in-
patient and outpatient cost indices for these countries
(see Table 2).
In our previously published model for AF screening

costs in Germany [36], cost returns from risk structure
compensation were included in the cost-effectiveness
analysis from the perspective of statutory health funds in
Germany to reflect all financial flows related to the AF
screening. However, the inclusion of risk structure com-
pensation would lead to distortion in an international
comparison and were therefore not considered in the
current modelling. The model for Germany was recalcu-
lated without risk structure compensation effects, with
otherwise unchanged model assumptions, to achieve
consistency with the definition of end points in the study
presented here.

Assumptions side effects
The model considers bleeding events as side effects of
treatment with oral anticoagulants: minor bleeding [46],
major bleeding [27, 47] and intracranial bleeding [48].
The case cost of cerebral infarctions is assumed to be
1.5 times that of ischemic strokes. For Germany, severe
bleeding is assigned the DRG cost of gastrointestinal
bleeding (G-DRG catalogue numbers G70A-C and G46B
[49]). For the other countries, these costs are extrapo-
lated using the above-mentioned “inpatient index”
(Table 2).

Table 1 Efficacy parameters: Screening and OAC Efficacy *

Category base case Description

Screening

Undetected AF in % detected AF 0.33 Assumption (prevention, 1/3 ratio undetected AF to detectedAF)

Sensitivity Preventicus screening 0.92 from DETECT AF [29]

Specificity Preventicus screening 0.99 from DETECT AF [29]

Positively validated screening results (after Holter ECG) 0.85 Adoption acc. to Wachter et.al [38].

OAC Efficacy

Increased stroke rate with AF without prevention 4.20 mean: Wolf et.al [39]. SD: assumption

Reduction of stroke rate through prevention ** 0.70 Assumptions, based on Hart [22] and López-López [24]

*Adopted from [36], Table 3
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Assumptions epidemiology
Eurostat data concerning the age structure show the dif-
ferences in the countries under consideration. The pro-
portion of people over 65 in the total population ranges
from 17.5% (Poland) to 22% (Greece) (Table 3). Regard-
ing gender-specific mortality, the differences between
countries are even more pronounced. Assumptions on
increased mortality after stroke are based on [50].
Central epidemiological parameters of the model are

the prevalence of atrial fibrillation and the incidence of
stroke. For both parameters, community and health care
studies are available in European countries with diver-
ging results. In general, it is assumed that the incidence
and prevalence rates will increase due to the aging of the
population in Europe. In the case of stroke incidence,
this effect overlays the opposite tendency of decreasing
age-adjusted incidence rates due to preventive measures.
Comparable estimates for epidemiological parameters
were developed by the Global Burden of Disease (GBD)
([31]) study for the diagnoses of stroke and atrial fibrilla-
tion. However, Stroke incidence rate published by [31]
differ from significantly from figures published for the 7
countries under consideration. GBD incidence rates for

ischemic strokes in Germany are 35% lower compared
to [51] and 30% lower compared to [52]. For stroke inci-
dence, the model presented here uses the model results
for total stroke reported by [51]. According to [41], the
proportion of ischemic strokes in all strokes is 87%.
Using the group frequencies published by [31], the inci-
dences per country are broken down to individual
groups (age in 5-year bands and sex). For the UK, these
assumptions result in 117,000 ischemic strokes which
matches the number of incidences estimated by [53].
Other comparisons to published results are listed in
Table 4. Incidences of ischemic stroke per 100,000 used
in the model vary from 176 (UK) to 493 (Serbia).
The source for the AF prevalence rates are German

sick fund data [54] which were applied to the other
countries, with prevalence rates adjusted proportionally
according to [31]. Table 4 summarizes the assumptions
on epidemiology. The results for Germany (prevalence
rate 2.4%) and UK (prevalence rate 2.3%) are slightly
higher than the result of a multinational meta-analysis
[55] (2.3 and 1.9%, respectively). A British government
source [56] estimates the AF prevalence in England at
2.5%.

Table 2 Cost parameters, by country

Germany [36] Switzerland Greece Netherlands Poland Serbia UK (NHS England)

Outpatient costs (index, DE = 100) [OECD] [35] 100 180 88 126 44 43 123

Screening costs per app (screened patient) 47.54 € 47.54 € *41.84 € 47.54 € *20.92 € *20.44 € 47.54 €

Validation cost 297.50 € 297.50 € 261.80 € 297.50 € 130.90 € 127.93 € 297.50 €

VKA (%) [42] 35% 35% 35% 35% 35% 35% 35%

OAC: Cost per day

VKA cost/d 0.20 € 0.33 € 0.12 € 0.12 € 0.05 € 0.03 € 0.04 €

NOAC cost/d 3.00 € 3.39 € 2.49 € 3.43 € 2.76 € 3.51 € 2.68 €

Average inpatient stroke costs € per stay 4007 € 11,344 € 2864 € 5328 € 2050 € 803 € 4973 €

Inpatient costs/stroke (index, DE = 100) 100 283 71 133 49 20 124

Bleeding costs Germany: 50 € (minor)/2025 € (major); country specific prices proportional to outpatient cost index

Outpatient cost index: health price index, OECD 2014; levels normalized to German level (Germany = 100)
Screening costs: German costs (source Preventicus price list 06(2020) applied to Western European countries. For Greece, Serbia and Poland prices were adjusted
proportionally to the OECD health price inces
OAC medication: government/health authority catalogues (Greece, Serbia, Netherlands, UK), retail prices (Poland, Switzerland, Germany); Inpatient cost index:
rough estimate from DRG costs, stroke subsections (see Supplement, Tables 3 and 4)
*Adjusted to country-specific cost levels

Table 3 Costs of stroke treatment per case, per year (model assumptions)

Inpatient share of costs,
year 1 [44]

Inpatient share of costs,
subsequent years [40]

Stoke costs year 1 Stroke costs
subsequent years

Germany [40], inflated [36] 36.2% 15.9% 21,060 6231

Switzerland 45,763 12,239

UK 25,980 7674

Netherlands 27,069 7921

Greece 17,236 5315

Poland 9648 2719

Serbia 7301 2451

Wahler et al. Health Economics Review           (2022) 12:17 Page 5 of 13



Little is known about the prevalence of undetected
atrial fibrillation. Based on the results of [36, 57, 58] as-
sumed a ratio of detected to undetected atrial fibrillation
of 3:1. The model presented here adopted this ratio as
the base case. The yield factor of the screening proced-
ure (prevalence of unknown AF in the target population
of at least 65-year-old) changes proportionally to the AF
prevalence in the model and ranges from 2.2%
(Switzerland, Serbia) to 3.4% (UK).

Quality of life assumptions
For quality of life, the assumptions from [36] were
adopted unchanged. Significant reductions in the quality
of life are made in the case of first and repeated strokes
as well as after cerebral hemorrhage. Further reductions
take into account the age effect, the reduced quality of
life in the presence of arrhythmia (reduced when taking
oral anticoagulants) and the temporarily reduced quality
of life in the presence of bleeding. The above assump-
tions apply globally to all countries considered.

Other model assumptions
For each of the countries considered, separate model runs
simulated the health development of cohorts with a given
starting age of 65 to 85 years over the remaining lifetime
(maximum 45 years). Cost and effectiveness results were
discounted at 3%. The results for the sub-cohorts with dif-
ferent starting ages are applied to a notional total cohort
whose age and sex distribution reflects the demographics
of the countries considered and assumes a (hypothetical)
willingness to participate in screening that increases
linearly up to age 75 and decreases linearly thereafter. The
resulting triangle like age distribution of participants is
similar to that found in a primary care screening initiative
[59]. A complete list of the non-country-specific assump-
tions can be found in [36].
The effect of uncertainties in the model assumptions

on the model result is tested by the following determin-
istic sensitivity analyses:

� Ratio of detected/not detected atrial fibrillation (base
case 3:1, lower value 1.5:1, upper value 10:1).

� Epidemiology assumptions (prevalence of atrial
fibrillation): lower value GBD − 20%, upper value
GBD + 20% compared to the base case.

� Epidemiology assumptions (incidence of stroke):
lower value GBD − 20%, upper value GBD + 20%
compared to the base case.

� Cost assumptions / ratio of inpatient and outpatient
treatment costs of the countries considered to the
costs in Germany, lower value: index value − 20%,
upper value: index value + 20% compared to the
base case (see Table 2).

� Discounting: the discount factor is discounted from
1% (lower value) to 5% (upper value).

� Duration: in deviation from the remaining lifetime,
the effect of shorter durations (5 /10 years) is also
examined.

The other model parameters are not country spe-
cific. Uncertainties in the parameter values are there-
fore expected to have a similar effect as shown in the
study by [36].
MS Excel 2019 (Microsoft Corp. Redmond, WA) was

used for the model calculations to determine the results
for the base case and deterministic sensitivity calculations.

Results
Base case (costs)
The cost result of the model varied strongly in the base
case between the countries considered. The highest con-
tribution of the screening from a cost perspective was
observed for the model result of Switzerland (− €74.31).
The lowest contributions were observed for Poland
(+€19.90) and Serbia (+€33.13). Stroke costs range be-
tween €7301 (Serbia) and €45,763 (Switzerland), accord-
ing to the model assumptions described above, and have
the strongest influence on the respective country result.
For countries whose health cost index is below the index

Table 4 Life expectancy, AF prevalence and stroke incidence in the overall population and in the simulated cohort

Life expectancy
years (simulated
cohort)

AF prevalence
(%) (total
population)

AF prevalence
(%) (simulated
cohort)

Yield of screening
(previously
undetected AF) *

Stroke incidence
(per 1000) (total
population)

Stroke incidence
(per 1000)
(simulated cohort)

Switzerland 14.7 1.5% 6.7% 2.23% 2.01 7.0

UK 13.6 2.3% 10.2% 3.40% 1.76 5.5

Greece 13.7 2.2% 8.0% 2.67% 2.77 8.0

Netherlands 13.5 1.9% 8.1% 2.71% 1.78 5.5

Poland 12.9 2.2% 9.9% 3.30% 2.85 11.3

Serbia 10.8 1.7% 6.8% 2.27% 4.93 18.0

Germany 12.8 2.4% 9.1% 3.04% 2.71 8.9

*Expected share of previously undetected AF given the ratio 1/3 between the share of previously unknown vs. diagnosed AF
Simulated cohort: 65–85 years, determined by general age distribution and AF prevalence by age
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of Germany according to the OECD analysis [35], the
screening costs were adjusted accordingly. This adjust-
ment had a beneficial effect on the cost result in the case
of Greece, whose population also has a relatively high
life expectancy (cost result Greece: +€5.97 per screen-
ing). Cost results for Germany (+ 5.63€ per screening)
differ from the results published in [36] (− 109.96€) be-
cause of the exclusion of the risk structure compensa-
tion effect, which is specific to Germany. Base case
results per country are listed in Table 5.
The expected cost change correlates strongly with

stroke costs (here: first year costs) (r = − 0.91, p < 0.01,
n = 7 countries including Germany). The model results
also show a significant relationship between the expected
cost change and the expected remaining lifetime in the
simulated cohort (r = − 0.77, p = 0.045). The influence of
the other epidemiological parameters on the model re-
sult is smaller. Because of the small number of countries
considered and because of the intercorrelations between
possible regressors mentioned above, quantifying the in-
fluence of the model parameters by means of multiple
regression analysis is not meaningful.

Base case (effectiveness)
The effectiveness of the screening procedure (measured
here as number of avoided strokes per 1000 participants)
ranged from 2.5 avoided strokes (Netherlands, Switzerland)
to 4.4 avoided strokes (Poland). In terms of quality-adjusted
life years (QALY) gained, the results for the countries con-
sidered ranged from 0.010 (Netherlands) to 0.018 years
(Poland). Figure 2 shows the average Cost/QALY position
of the 6 considered countries (plus Germany) in the cost-
effectiveness plane.

Sensitivity calculations
Within the framework of a deterministic sensitivity ana-
lysis, the dependence of the model result on individual
model parameters was examined (Fig. 3, Tables 6 and 7).
As in the results of the parent model [36] the AF morbid-
ity of the target population, in particular the proportion of

patients with undiagnosed AF, has a strong influence on
the model outcome. The model assumes high effective-
ness of prevention caused by oral anticoagulants. The
model assumption in the base case is a 70% reduction in
stroke incidence in AF with OAC vs. stroke incidence
without OAC. This value is based on meta-analyses by
[22, 24]. A large reduction in this ratio to 56% in the sensi-
tivity calculations leads to a significant reduction in the
outcome contribution of screening.
The change in cost indices leads to the expected re-

sults - lower unit costs increased the contribution of
screening. Of note is the strong response of the model
to the expected reduction in OAC costs under the Direct
Oral Anticoagulants patent expiry. The mean (un-
weighted) contribution of screening increases from − 1
Euro to 41 Euros when the cost of OAC is reduced in
the 7 countries considered by 70%. In Poland, a 30% re-
duction in the price of OAC results in a positive profit
contribution from screening. In Serbia, a price reduction
of the OAC by 70% is necessary to achieve a positive
profit contribution.
The model results for Poland and Serbia show low

sensitivity with respect to the model parameters under
review, except for OAC costs, to changes in which the
model result is most sensitive in the mentioned coun-
tries. The reason is that treatment costs in these coun-
tries are at a much lower level, while prevention costs
for treatment with DOAC do not differ much from the
other countries considered.
Regarding the number of avoided strokes as a measure

of effectiveness, the model shows the highest sensitivity
to changes in the ratio of undetected to detected AF
cases. In populations with a high proportion of un-
detected AF cases (a ratio of 50 and 75% was simulated),
the number of avoided strokes per 1000 patients
screened increases from 6.2 (base case: ratio 33%) to 9.1
(ratio 50%) and 13.6 (ratio 75%) on average for all coun-
tries considered.

Table 5 Model base case results by country, simulated cohort

Delta Cost [€] per
participant

Delta QALY per
1000 participants

Strokes prevented per
1000 participants

ICER [€/year]
(Delta cost per QALY)

Switzerland −74.91 10.5 2.52 Scrrening dominates

UK −6.81 12.6 3.06

Greece 5.97 12.2 3.05 €489

Netherlands 15.44 10.1 2.48 €1529

Poland 19.90 18.7 4.43 €1064

Serbia 33.13 13.0 3.43 €2548

Germany * 5.63 14.7 3.65 €382

Simulated cohort: 65–85 years, determined by general age distribution and AF prevalence by age
*Germany: model assumptions adopted from [36] (disregarding the risk structure compensation effect)
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Fig. 2 Position of base case country results in the cost-effectiveness plane. QALY: quality-adjusted life years; ICER: incremental cost-effectiveness
ratio; NL: Netherlands; RS: Serbia; PL: Poland; DE: Germany; GR: Greece; UK: United Kingdom; CH: Switzerland

Fig. 3 Deterministic sensitivity analysis results by country: Cost delta. Bars (horizontal): span of sensitivity analysis results; grey line (vertical): cost
delta = 0 (origin); red line (vertical): base case result. Numeric results: see Table 6
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Country-specific sensitivity calculations
Further sensitivity analyses for individual country-
specific parameters show the high dependence of the
model result on the parameter settings:

– Serbia: Based on the results of [60], the VKA share
of total OAC was changed to 67%. As a result, the
cost delta for Serbia decreased to €10.44.

– Netherlands: The base case the Dutch stroke
incidence rate per 100.000 was 178. Vaartjes et.al
[61]. identified 41,000 first-ever strokes per year in
the Netherlands, resulting in an incidence rate per
100,000 of 237. The increased incidence rate reduces
the cost delta for the Netherlands to €9.24.

The model reacts insensitively to changes in the dis-
count rate. In most countries (except Switzerland), a
short duration of the model after the start of prevention
(5 years instead of lifetime in the sensitivity calculations)
is not sufficient to compensate for the screening costs
incurred at the beginning by positive cost effects from
the reduced number of strokes.

ICER results
In two of the seven countries under consideration (UK
and Switzerland), the screening dominated the alterna-
tive (Fig. 3). For the remaining countries, the model base
case resulted in increased effectiveness going along with
additional costs for the screening alternative.

Discussion
Our approach to simulate the success of an atrial fibrilla-
tion screening program in 6 further countries after an ana-
lysis for Germany. Applied was a common modelling
framework that reflects the different epidemiologic and
health economic conditions in these countries yielded sev-
eral insights regarding the potential use of screening pro-
cedures from both economic and medical perspectives.
For Switzerland and the UK, screening is the dominant

strategy. In the remaining 5 countries, the incremental
cost-effectiveness ratio is below the relatively low value
of €3000 euros per quality-adjusted life year. In Serbia,
the combination of prices for drug-based stroke prophy-
laxis at international levels and low costs for stroke
treatment in international comparison led to the low

Table 6 Cost Delta: Deterministic Sensitivity Analysis (by country)

Cost delta per screening Range Switzerland Germany Greece Netherlands Poland Serbia UK

Base Case −74.91 € 5.63 € 5.97 € 15.44 € 19.90 € 33.13 € −6.80 €

Ratio Unkown vs. known AF [10% ... 75%] [13 - -232 €] [37 - -50 €] [33 - -42 €] [40 - -28 €] [22–17 €] [47–25 €] [33 - -78 €]

Stroke incidence (OAC vs. No OAC) [− 20%;+ 20%] [−33 - -120 €] [33 - -24 €] [25 - -14 €] [38 - -8 €] [35–4 €] [41–24 €] [20 - -36 €]

Time Horizon (years) [5 ... 20 yrs] [10 - -75 €] [44–5 €] [37–6 €] [55–15 €] [34–19 €] [35–32 €] [44 - -7 €]

OAC medication costs [− 70%;-10%] [−81 - -119 €] [−1 - -40 €] [1 - -28 €] [8 - -34 €] [13 - -26 €] [28 - -2 €] [−14 - -54 €]

Cost index outpatient [−20%;+ 20%] [−48 - -102 €] [47 - -44 €] [21 - -9 €] [33 - -2 €] [31–9 €] [40–26 €] [14 - -28 €]

Stroke incidence [− 20%;+ 20%] [− 47 - -100 €] [24 - -10 €] [18 - -5 €] [32–0 €] [30–12 €] [38–29 €] [13 - -25 €]

Stroke incidence (AF vs. No AF) [− 20%;+ 20%] [− 47 - -100 €] [24 - -10 €] [18 - -5 €] [32–0 €] [30–12 €] [38–29 €] [13 - -25 €]

Screening procedure costs [− 70%;-10%] [−64 - -86 €] [17 - -6 €] [16 - -4 €] [27–4 €] [25–15 €] [38–28 €] [5 - -19 €]

AF prevalence [−20%;+ 20%] [− 50 - -100 €] [15 - -3 €] [14 - -2 €] [22–8 €] [20–19 €] [35–31 €] [5 - -18 €]

Discount rate [0% ... 5%] [− 60 - -102 €] [11 - -5 €] [11 - -3 €] [21–4 €] [21–17 €] [34–33 €] [1 - -22 €]

Cost index inpatient [−20%;+ 20%] [−63 - -87 €] [13 - -1 €] [10–2 €] [21–10 €] [24–16 €] [34–32 €] [− 1 - -13 €]

Table 7 Effectiveness (avoided strokes): Deterministic Sensitivity Analysis (by country)

Strokes prevented Range Switzerland Germany Greece Netherlands Poland Serbia UK

(per 1000 screening participants)

Base Case 2.53 3.65 3.06 2.48 4.43 3.43 3.06

Ratio Unkown vs. known AF [10% ... 75%] [0.8–5.7] [1.1–8.2] [0.9–6.9] [0.7–5.6] [1.3–10.0] [1.0–7.7] [0.9–6.9]

Stroke incidence (OAC vs. No OAC) [−20%;+ 20%] [1.9–3.2] [2.7–4.7] [2.3–4.0] [1.9–3.1] [3.3–5.8] [2.5–4.6] [2.3–3.9]

AF prevalence [−20%;+ 20%] [2.0–3.0] [2.9–4.4] [2.4–3.7] [2.0–3.0] [3.5–5.3] [2.7–4.1] [2.4–3.7]

Stroke incidence [−20%;+ 20%] [2.2–2.8] [3.2–4.0] [2.7–3.3] [2.1–2.8] [4.0–4.7] [3.2–3.6] [2.7–3.4]

Stroke incidence (AF vs. No AF) [−20%;+ 20%] [2.2–2.8] [3.2–4.0] [2.7–3.3] [2.1–2.8] [4.0–4.7] [3.2–3.6] [2.7–3.4]
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cost-effectiveness of screening compared with the seven
countries. Similar results can be expected for other East
or South-East European countries. The expected price
reduction for direct oral anticoagulants due to the up-
coming patent expiry will require a reassessment of the
cost-effectiveness of screening. The sensitivity analysis
showed that changes in the overall levels of stroke inci-
dence and AF prevalence had comparably small effects
on the model result. An exception is the yield ratio driven
by the AF prevalence and the ratio of undetected vs. de-
tected AF in the population. The result of the sensitivity
analysis emphasizes the importance of focusing the
screening on populations with high AF morbidity, for ex-
ample, by preselecting participants using morbidity-based
criteria such as the CHA2DS2−VASc score.
For the epidemiological parameters of interest in this

study, a number of multinational epidemiological studies
[32, 33, 51, 55] were identified. Their results diverge
widely. With the exception of [51] these studies are lim-
ited to small prespecified groups of countries.
To the best of the authors’ knowledge, there is no

comparable study comparing the cost-effectiveness of
AF screening procedures in several countries within a
common modelling framework. The cost-effectiveness of
AF screening in European countries was evaluated in
studies [62] (UK), [63] (Sweden), and [64] (Netherlands).
Two HTA studies by NICE [65] and the Irish authority
HIQA [66] also addressed the cost-effectiveness of
screening procedures. Hobbs et.al [62]. used RCT to
compare targeted screening of a target population of
over 65-year-olds with usual care. Screening was per-
formed by ECG. Screening achieved a yield rate of 1.6%,
compared with 1.1% in the control arm. The associated
economic model included stroke prophylaxis with VKA
as DOAC were not available at the time of the study
(2005). Incremental costs per additional detected AF
case ranged from £ 363 to £ 4088. Aronsson et.al [63].
modelled cost-effectiveness based on the results of the
STROKESTOP [57] community study, in which 75-year-
olds were screened for previously undetected AF by
ECG. Screening resulted in 0.0013 QALY per partici-
pant. The detection rate of previously unknown AF was
3%. The incremental cost per QALY was €4313. The
Irish Health Information and Quality Authority [66]
modelled the screening of the entire population aged 65
years and older in Ireland using pulse palpation and
ECG with a time horizon of 25 years. Screening results
in an additional cost of €73 per case, with a quality-of-
life gain of 0.0034 QALY. The ICER of €20,271 per
QALY is well above the result of the other studies. Ja-
cobs et.al [64]. modeled screening of the entire Dutch
population over 65 years of age using a handheld ECG
device. Cost-effectiveness was reported for 25,387 pa-
tients who had previously unrecognized AF in the model

outcome. For these patients, cost savings amounted to
€764 and QALYs were increased by 0.27 years per case.
Restricting the endpoints to new cases of screening-
detected AF limits the comparability with the present
study and the other cost-effectiveness studies mentioned
here.
Apart from the health economic considerations pre-

sented here, the socioeconomic impact of telehealth de-
vices needs deeper evaluation. Deprivation and social
status are key prognostic factors for chronic diseases
(e.g., [39, 67, 68]). The urban-rural divide influences
both the level of deprivation and the outcome quality
[69, 70]. Telehealth is expected to reduce inequalities
and to bridge the urban-rural divide [71, 72] and can
contribute to balancing regionally disparate capabilities
for detecting atrial fibrillation. But, despite the wide-
spread availability of the Internet and mobile devices, it
cannot be excluded that layers of each of the targeted
societies are without such access and are therefore dis-
advantaged. Here some further research may be
necessary.

Conclusion
This analysis confirms overall the positive effects of a
systematic screening for atrial fibrillation with a photo-
pethysmographic procedure. Quality adjusted life-years
can be gained. Costs may be saved in some countries.
The model results showed a strong dependence on the
country-specific costs for stroke treatment. The use of
the investigated screening method is close to cost-
neutral or cost-reducing in the Western European coun-
tries and Greece. In countries with lower price levels,
cost increases due to AF screening are to be expected.
Lower costs of anticoagulation, which are expected due
to the upcoming patent expiry of direct anticoagulants,
will have a positive effect on the cost result. The out-
comes should be viewed individually for each investi-
gated country.

Limitations
Sensitivity analyses show a high dependence of the result
on the assumptions regarding the effectiveness of stroke
prevention by OAC. Effectiveness parameters need to be
supported by further literature searches, ideally by a
meta-analysis.
The results of the study reflect a payor perspective in

the countries of consideration. Only direct costs were in-
cluded, disregarding informal and other indirect costs
related to stroke events. The assumptions to determine
country-specific costs made in this study appear conclu-
sive but need to be verified by further empirical studies.
The stroke treatment costs were shown to have a large

influence on the model result. The estimates employed
here are broad approximations based on a German
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source [40] and extrapolated to other countries by health
price indexes. A thorough cost analysis would require a
detailed analysis of the country-specific stroke costs
within a common analysis framework, as laid out by [1]
or [73].
In concordance with the ESC guidelines [23] for AF

screening, the model was limited to populations aged 65
years or older. The Eastern European countries consid-
ered here show excessive stroke incidence rates in sub-
populations aged between 55 and 65 years. An extension
of the modelling to these age groups is likely to reflect
the epidemiological reality of these countries in a more
realistic way.
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