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Smartphone-based screening vs. regular  
diagnostics

>> Conventional VHF diagnostics involves measuring the heart‘s ac-
tivity with the help of electrodes and displaying it in the form of a 
curve (so-called electrocardiogram (ECG)). A functioning heart pro-
duces a regular image in the ECG, whereas the corresponding image 
is visibly irregular in an existing cardiac arrhythmia. However, regular 
ECG measurements have limited sensitivity with regard to VHF, as 
the irregularities described often do not occur permanently. Even a 
long-term ECG, where the recording period is usually 24 hours, 1 is in 
many cases too short to detect a VHF episode. For example, relevant 
studies have shown that the VHF detection rate only comes close to 
an optimum when the measurement period is extended to up to 14 
days (Turakhia et al., 2013; Quer et al., 2020). Furthermore, current 
ECG measurement methods are too bulky and costly for large-scale 
screening and thus not suitable for identifying asymptomatic cases 

Etwa 20–30% aller Schlaganfälle sind mit einem Vorhofflim-
mern (VHF) assoziiert (Grond et al., 2013; Kishore et al., 2014). 
Da VHF jedoch oft nur sporadisch und ohne jegliche Symptome 
auftritt, ist es gegebenenfalls schwer zu erkennen (Jaakkola et 
al., 2016). Eine rechtzeitige Identifikation von VHF ist jedoch 
äußerst wichtig, da nur so eine Therapie eingeleitet und das 
Schlaganfallrisiko reduziert werden kann. In diesem Zusammen-
hang empfiehlt die einschlägige medizinische Leitlinie – bei 
positivem Testergebnis im Rahmen der VHF-Diagnostik – eine 
Abschätzung des individuellen Schlaganfallrisikos mithilfe des 
sog. CHA2DS2-VASc-Risikoscores, der durch die Vergabe von 
Punkten für die Erfüllung bestimmter Risikotatbestände (z. B. 
Erreichen definierter Altersschwellen oder Vorliegen anderer 
risikoerhöhender Erkrankungen) ermittelt wird (Hindricks et 
al., 2021). Unter einem Score von 2 kann eine bloße Anpas-
sung des Lebensstils ausreichen, während bei einem Score ≥ 2 
regelmäßig eine sog. orale Antikoagulation (OAK), d. h. eine 
Gabe von Medikamenten zur Hemmung der Blutgerinnung (auch 
als „Blutverdünner“ bezeichnet), indiziert ist. Im Falle einer 
indizierten OAK kann diese das Schlaganfallrisiko um etwa 70% 
verringern (Hart et al., 2007; López-López et al., 2017) – in 
Anbetracht schlaganfallassoziierter direkter Krankheitskosten 
von durchschnittlich ca. 43.200 Euro auch ökonomisch von 
Bedeutung (Birkemeyer et al., 2020).

Summary
Atrial fibrillation (AF) is the most common relevant cardiac arrhythmia and can 
lead to severe sequelae. For example, unrecognised and untreated VHF leads 
to a significant increase in the risk of stroke. Such risks can be counteracted 
by treatment with blood-thinning medication - so-called oral anticoagulation 
(OAC). Often, however, VCF is not detected in time. Smartphone-based scree-
nings offer a low-threshold and scalable approach to address this problem. In 
the randomised controlled eBRAVE-AF study, such an approach was investigated 
among 5,551 at-risk patients. In the first phase of the study, 2,860 partici-
pants (intervention group) underwent a screening programme that included a 
screening app, a connected telemedical centre and - in the case of an abnormal 
app measurement - a 14-day ECG, while a further 2,691 participants (control 
group) received regular care. After six months, the group membership changed 
(cross-over design) and a second, six-month study phase followed. The scree-
ning programme more than doubled the detection rate of treatment-emergent 
VCF in both phases. This study report provides further insight into this and 
other findings.
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1: �In the EBM, a minimum recording duration of 18 hours is defined according 
to GOP 03322, 04322, 13252 or 27322.

Background
With a lifetime risk of about one in four, atrial fibrillation (AF) is one of the 
most common cardiac arrhythmias (Lloyd-Jones et al.; 2004). In those affec-
ted, the heart beats irregularly for a prolonged period of time, which leads to 
an inadequate blood supply in the body. As a consequence, dangerous blood 
clots can form. These in turn can trigger a so-called thromboembolism - i.e. 
a blockage of blood vessels - and lead, among other things, to an ischaemic 
stroke - the second most common cause of death worldwide (Lozano et al., 
2012) (Kirchhof et al., 2016). In Europe alone, more than 430,000 people 
died in 2013 as a result of this circulatory disorder in the brain, also known as 
cerebral infarction - of which almost 60,000 were in Germany (Eurostat, 2016). 
In addition, stroke is a major cause of acquired disability in adulthood (Murray 
et al., 2012).

in the field. Instead, more manageable, cost-effective and at the 
same time reliable screening methods are needed so that the cardiac 
arrhythmia in such cases does not first become recognisable through 
a stroke (Jaakkola et al., 2016). One such possibility is the two-stage 
VHF screening of Preventicus GmbH. The central components are - as 
shown in Figure 1 - a clinically validated screening app (Preventicus 
Heartbeats), a connected telemedical centre (Herzklinik Ulm) and 
a 14-day ECG, which is recorded with an external ECG loop recorder 
(CardioMem CM 100XT, GETEMED) in the event of an abnormal app 
measurement.

Preventicus Heartbeats is a certified Class IIa medical device that 
can distinguish between normal and irregular heart rhythm with a 
reported sensitivity and specificity of 89.9% and 99.1% (based on 
a one-minute measurement), respectively (Brasier et al., 2019). For 
this purpose, the user positions the camera of the smartphone on 
any fingertip. Using the LED flash and the smartphone camera, Pre-
venticus Heartbeats records the heart rhythm - based on the photo-
plethysmography (PPG) method, which is also used by commercially 
available pulse oximeters -analyses it and summarises the results in 
an ECG-comparable report. All that is needed to use it is a com-
mercially available smartphone. It is not necessary to purchase any 
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accessories, which increases its suitability for large-scale and regular 
screenings.

Conspicuous results are automatically transmitted to the connected 
telemedical centre for confirmation. If the abnormalities are confir-
med, a 14-day long-term ECG is recorded to confirm the diagnosis, 
which in this respect goes far beyond the usual 24-hour recording in 
standard care. The external ECG loop recorder used for this purpose 
can automatically recognise, record and save various cardiac arrhyth-
mias. This so-called event triggering is a necessary condition for a 
14-day ECG, as the automated preselection of potentially relevant 
measurement phases is what makes it possible in the first place to 
analyse such a long measurement period - despite scarce time resour-
ces in cardiological care.

In the statutory health insurance (SHI), the programme is offered 
within the framework of the RhythmusLeben contract according to § 
140a SGB V (Brandt et al., 2021). Here, after the smartphone-based 
screening, the external ECG loop recorder is used in a telemedical 
variant. This means that all events are transmitted to a telemedical 
centre for technical pre-assessment. Participating cardiologists can 
access all data via a special web application and use it to make a 
diagnosis.

The eBRAVE-AF study

In the eBRAVE-AF study (eHealth-based Bavarian Alternative 
Detection of Atrial Fibrillation), the effectiveness of the described 
smartphone-based VCF screening programme was scientifically inve-
stigated for the first time in comparison to regular care (Freyer et 
al., 2021; Rizas et al., 2022). The following study report provides 
information on the central key points and findings of this randomised 
controlled trial (RCT).

Design and implementation
The primary interest of the study was to find out whether the scree-
ning programme shown in figure 1 could detect a significantly higher 
number of ‚hidden‘ cases of VCF than in standard care. The focus was 
on patients at risk who are eligible for subsequent OAK due to an 
elevated CHA2DS2-VASc score.
This resulted in the following inclusion criteria:
- Age between 50 and 90 years ,
- CHA2DS2-VASc score ≥ 1 (men) or ≥ 2 (women ),
- no existing VHF and
- no ongoing OAK .

The study participants were recruited throughout Germany in 2020 

among insured persons of the cooperating Versi-
cherungskammer Bayern. The number of persons in 
the target group who were invited, participated and 
dropped out during the course of the study is shown 
in the flow chart in Figure 2. A total of 67,488 in-
sured persons fulfilled H.
- �based on the case data of the Versicherungskam-

mer Bayern - fulfilled the inclusion criteria and 
were invited to participate in the study. Of these, 
5,587 (8.3%) downloaded the specially developed 
study coordination app, completed the initial que-
stionnaire stored there and electronically declared 
their consent to study participation. The majori-
ty (5,551 people) continued to fulfil the defined 
inclusion criteria - also taking into account the 
information provided in the initial questionnaire 
- and were included in the study. Finally, 4,453 
participants completed the study, while 100 par-
ticipants were diagnosed with VCF with indicated 
OAC during the course of the study, i.e. the pri-
mary endpoint was reached, and 633 participants 
dropped out for other reasons (e.g. withdrawal of 
informed consent or death).

The study design provided for a parallel group comparison (in-
tervention group = smartphone-based screening (Preventicus) vs. 
control group = standard care), whereby standard care wassimulated 
in that control group patients - virtually on their own - did not re-
ceive any diagnostic services within the study. Group allocation was 
randomised and unblinded, as the nature of the intervention was 
not amenable to blinding. After six months each in the control and 

Flussdiagramm zur eBRAVE-AF-Studie

Fig 2: Flow chart of the eBRAVE-AF study. Source: own representation based 
on Rizas et al., 2022.

Smartphone-basiertes VHF-Screening-Programm

Fig. 1: Smartphone-based VHF screening programme. Source: Preventicus GmbH.
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values between 0 and ∞, with values > 1 representing a greater chan-
ce of detection in the intervention group.

Secondary endpoints were the effects of screening on VCF diagno-
ses in general (i.e. also those without indicated OACs), OAC prescrip-
tions, strokes, thromboembolism and major bleeding. The analyses 
were performed separately for both study phases and according to the 
intention-to-treat principle, whereby patients with known VCF or on-
going OAC were excluded. In all analyses, differences were considered 
statistically significant if the two-sided P-value was less than 0.05.

Results and interpretation

The numbers of participants reached are shown in the flow chart 
in figure 2. Of the 5,551 people included, 31% were female. The me-
dian age was 65 years and the median CHA2DS2-VASc score was 3. 
Acceptance of the smartphone-based screening programme was high, 
as reflected in comparatively good adherence and a low dropout rate:

- More than 50% of the participants in the intervention group 
performed at least one smartphone measurement per week over the 
entire six months in phase 1 .

- 618 participants (11.1%) dropped out of the study prematurely, 
of which only 421 (7.6%) did so while in the intervention group .

For a digital study without direct contact with test persons, these 
are pleasing values. In this context, it should be emphasised that 
the tested health care innovation was also well accepted by the older 

intervention group, a six-month cross-over phase followed, i.e. the 
group allocation was swapped. In this way, none of the study partici-
pants had to be deprived of the innovative screening programme. In 
addition, the cross-over design enabled both inter- and intra-group 
comparisons, which - in addition to randomisation - safeguarded the 
study results against possible biases resulting from structural diffe-
rences between the comparison groups. If VCF was detected during 
the course of the study, participants were referred to their local doc-
tor. The respective physicians were not involved in the study and 
made all subsequent treatment decisions, e.g. the initiation of OAK, 
at their own discretion. The research data were collected during the 
study through app-based questionnaires and telephone calls and sup-
plemented at the end of the study with case data from the Versiche-
rungskammer Bayern (diagnoses made according to ICD-10-CM and 
medicines dispensed according to ATC).

The effect of screening on the primary endpoint was investiga-
ted using a logistic regression analysis to estimate the effect of an 
independent variable (here: type of VCF screening) on the time to a 
dependent event (here: detection of VCF with indicated OAC). The 
effect of smartphone-based screening on the primary endpoint was 
quantified using the odds ratio (OR). The OR represents the calculated 
odds of the event ‚detection of VCF with indicated OAC‘ in the ratio 
of the intervention group to the control group. It can assume values 
between 0 and ∞, with values > 1 representing a greater chance of 
detection in the intervention group.

The effect of smartphone-based screening on the primary endpoint 
was quantified using the odds ratio (OR). The OR represents the cal-
culated odds of the event ‚detection of VCF with indicated OAC‘ in the 
ratio of the intervention group to the control group. It can assume 

Kumulative Ereignisraten für den primären Endpunkt

Fig 3: Cumulative event rates for the primary endpoint (detection of VCF with indicated OAC). Abbreviations: CI = confidence interval; OR = odds ratio. Source: 
Illustration modified from Rizas et al., 2022.
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participants, whereby the age group 65-71 even tended to carry out 
the most PPG measurements (P < 0.05). There were also no diffe-
rences between older and younger participants with regard to the 
quality of the measurements or their correct performance. There were 
no significant differences between the groups with regard to the cha-
racteristics ‚age‘, ‚gender‘, ‚BMI‘ and with regard to various existing 
diseases and therapy references. A distorting influence on the results 
of the analysis by the potential confounding factors mentioned could 
therefore be largely excluded. The cumulative event rates for the pri-
mary endpoint are shown in figure 3.

Within the first 6 months (phase 1), the primary endpoint was 
reached by 38 participants (1.33% of 2,860) who were assigned to 
smartphone-based screening, while only 17 participants (0.63% of 
2,691) in the regular control group reached the primary endpoint. 
The corresponding OR for the primary endpoint was 2.12 (95% CI: 
1.19-3.76) and was significant (P = 0.010) (see Figure 3a). Of the 
remaining participants from phase 1, 4,752 accepted the invitation 
to participate in the subsequent six-month phase 2, which was as-
sociated with a change in group membership (cross-over). Here, too, 
the smartphone-based screening showed its superiority over standard 
care. 33 participants in the intervention group (1.38% of 2,387) were 

diagnosed with treatment-relevant VCF, while standard care only led 
to 12 corresponding diagnoses (0.51% of 2,365). The OR in the se-
cond phase was 2.75 (95% CI: 1.42-5.34) and was also significant (P 
= 0.003) (cf. fig. 3b).

In this context, it should be noted that the ORs between the 
phases are not comparable. The phase 2 participants differ in one si-
gnificant characteristic in that they are already characterised by a ne-
gative screening result from phase 1. Overall, the chance of detecting 
a treatment-seeking but previously hidden VCF was more than twice 
as high in both study phases when participating in the smartphone-
based screening programme.

With regard to the secondary endpoints, there were no significant 
differences between the groups in terms of clinical endpoints such 
as the occurrence of strokes or relevant bleeding. However, in both 
phases of digital screening , VCF was diagnosed more frequently and 
oral blood thinners were prescribed more often (significant in each 
case, i.e. P < 0.05).

Although there are related studies on digital screening for HF 
using smartwatches or comparable tracking devices worn on the wrist 
- e.g. the Apple, Fitbit or Huawei Heart Study (Guo et al., 2019; Perez 
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et al., 2019; Lubitz et al., 2021). However, the eBRAVE-AF study is 
the first of its kind in which the screening programme studied was 
initially purely smartphone-based, i.e. it did not require any special 
hardware, and in which the effectiveness of the screening programme 
was systematically compared with standard care. Thus, for the first 
time in an RCT, which is considered the gold standard of clinical trial 
designs, it was demonstrated that the detection rate of VCF requiring 
treatment can be increased two- to threefold by applying such a 
low-threshold screening strategy. Similar to previous digital scree-
ning studies, recruitment followed a ‚direct-to-participant‘ approach. 
However, instead of recruiting participants from a pool of smartwatch 
owners, policyholders of a private health insurance company were 
selected based on specific risk criteria. As a result, the relevant risk 
group was addressed much more specifically in the eBRAVE-AF study. 
As a result, not only a diagnostic but also a therapeutic efficacy was 
shown, since the VHF detection demonstrably led to OAK prescrip-
tions. This in turn suggests a positive effect on stroke prevention, 
as the risk of stroke in risk groups can be significantly reduced by 
OACs (Hart et al., 2007; López-López et al., 2017). In addition, VCF 
is associated with a number of other diseases, the development or 
progression of which may be prevented by early VCF detection.

Finally, some limitations - both with regard to the conduct of the 
study and with regard to the screening programme investigated - 
should be reported. The fact that the study was conducted exclusively 
among people with private health insurance limits its representative-
ness, because in Germany almost 90% are covered by SHI (selection 
bias). Due to the structure of SHI as a social insurance system based 
on the principle of solidarity, the structure of the insured differs from 
that of private health insurance, which provides for an individual 
risk assessment at the beginning of the insurance. Furthermore, the 
participation in the study - also in the control group - could have 
awakened the attention for the topic in the first place. Consequently, 
it cannot be ruled out that the participation in the study as such 
had a distorting influence on the utilisation of VHF-associated dia-
gnostic services in standard care. It is possible that the study con-
ditions would have relativised the effect shown here by artificially 
intensifying the diagnostic process in the control group and that the 
screening would have been even more effective under real conditions.

As with most screenings, there is also the risk of unnecessary tests 
and costs resulting from false-positive measurements. Due to the vast 
majority of ‚healthy‘ people, false-positive measurements simply carry 
more weight. In the eBRAVE-AF study, two out of three participants 
with abnormal PPG measurements did not subsequently have con-
firmed VCF. Some of the unconfirmed cases could be explained by 
the fact that arrhythmias other than VHF led to the abnormal PPG 
measurement or that the patient did not subsequently make use of 
any ECG diagnostics or that VHF did not occur while wearing the ECG 
device. On the other hand, due to the preventive character, there are 
various avoidable medical costs. A differentiated health economic 
model calculation already came to the conclusion that smartphone-
based VCF screening is also advantageous from an economic point of 
view - especially because avoidable stroke costs more than compen-
sate for the costs of screening (Birkemeyer et al., 2020)

Conclusion

The results of the eBRAVE-AF study show that, with the help of a 
screening strategy based on common smartphones, the detection rate 
of VCF requiring treatment in the 50+ age group can be more than 

doubled compared to standard care. The high prevalence of smart-
phones in the population makes corresponding screenings easily ac-
cessible and scalable in the target group. In this context, the study 
results also indicate a high acceptance of the procedure among older 
users (65+). As a consequence, treatment with blood-thinning medi-
cation can be initiated in many of the VHF cases detected in this way, 
in order to avoid potential secondary diseases - especially strokes. 
Future studies are needed, however, to investigate the effects of digi-
tal VCF screening on clinical endpoints - such as stroke prevention. <<
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