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Introduction

For patients suffering from atrial fib-
rillation (AF), modern anticoagulation
therapy is effective in reducing the risk
of stroke with an acceptable range of side
effects [1, 2]. Furthermore, the combi-
nation of current antiarrhythmic drugs
with interventional and device therapy is
able to control progress and aftermath of
AF in many cases [1]. One challenging
aspect of AF remains its early diagnosis,
mainly due to the intermittent appear-
ance and the asymptomatic character
in many patients [3-7]. Recently avail-
able devices—stand-alone or integrated
in mobile health technology—showed
promising results for AF detection [3,
8-10]. However, available technology
became confusingly diverse and frag-
mented, in particular when mainstream
technology companies approached to
the market [11]. This review focuses on
a single-lead electrocardiogram (ECG)
device and summarizes current litera-
ture, the authors’ experience in large-

handgrip

scale screening for AF in pharmacies,
and potential fields of application.

Technical aspects of the ECG
stick

Several technologies are available to de-
tect AE In most cases, automated diag-
nosis depends on electrocardiographic
[3, 12], mechanical [13, 14], or pho-
toplethysmographic [8] identification of
ventricular activity and an assessment of
the heart rate and regularity to identify
arrhythmia. An inherent advantage of
ECG is that physicians of different areas
of expertise are experienced in the in-
terpretation of the recorded signals and
robust knowledge exists about the ap-
pearance of arrhythmias in ECG. Fur-
thermore, ECG recordings allow, at least
during sinus rhythm, direct proof of nor-
mal atrial electrical activity.

The MyDiagnostick (Applied Biomed-
ical Systems BV, Maastricht, the Nether-
lands) has a cylindrical shape (length
26 cm, diameter 2cm, BFig. 1). On an

handgrip
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Fig. 1 A MyDiagnostick device for electrocardiogram (ECG) recording. When the metal handgrips at

both ends are touched simultaneously a 1-min ECG recording starts automatically. The progress of the
measurement and the detected heartbeat is indicated by five yellow status lights in the middle of the
stick. Atthe end of the measurement, the stick automatically indicates normal heart rhythm by a green

and screen-detected atrial fibrillation by a red light
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Fig. 2 A Examples of electrocardiogram (ECG) stick recordings. After ECG recording in the pharmacy, the raw ECG signal
recording was transferred to a University Hospital RWTH Aachen server. For human ECG expert heart rhythm validation, a file
comparable to the original MyDiagnostick ECG file format was created without the result of the automated heart rhythm
result. a ECG recording in sinus rhythm. b ECG recording in atrial fibrillation. HF heart frequency

integrated flash drive, storage of 140 mea-
surements is possible. Each measure-
ment is labeled with an ascending num-
ber, a time-stamp, and a unique serial
number of the stick for later identifica-
tion. In the case of repeated measure-
ments and shortage of memory, stored
measurements with faulty recordings and
normal heart rhythm will be overwritten
automatically, in order to keep recordings
with screen-detected AE A fully charged
battery allows approximately 500 mea-
surements. For battery charging and in-
terrogation with a computer, the stick
is equipped with a micro-USB connec-
tor. The company provides a dedicated
program (MyDiagnostick Management
Studio) to download, organize, and view
the ECG recordings running on a local
Windows computer.

When the metal handgrips (8 Fig. 1)
atboth ends of the ECG stick are touched,
a 1-min ECG recording starts automat-
ically. The progress of the measurement
is displayed by five status lights flash-

ing yellow in the cadence of the de-
tected heartbeat in the middle of the
stick. After 1 min of ECG recording,
the ECG stick automatically interprets
the obtained rhythm by a RR interval
analysis, indicating normal heart rhythm
with a green and screen-detected AF with
a red light. The ECG stick switches au-
tomatically to stand-by mode after the
measurement if no contact to the hand-
grips is detected.

Screening for arrhythmia using
the ECG stick

Intheliterature, the ECG stickwas mainly
investigated for its intended use of AF
detection. Tieleman et al. [9] and Vaes
etal. [15] showed good diagnostic accu-
racy with high sensitivity and specificity
in cohorts with a high proportion of pa-
tients suffering from AF ina primary care
environment. Based on these promising
approaches, Kaasenbrood et al. [4] iden-
tified 1.1% of new AF cases in primary
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care units during seasonal influenza vac-
cination in 3269 patients. Furthermore,
the screening for AF during seasonal in-
fluenza vaccination in primary care was
considered cost effective in a Dutch pop-
ulation aged 65 years or older [16]. The
yield of screen-detected AF is also proven
in different environments from shopping
centers [17] to approaches of in-hospi-
tal screening [12]. Besides screening for
unknown AF, Pluymaekers et al. showed
the capability of the ECG stick to monitor
patients after cardioversion for recurrent
AF by intermittent ECG stick measure-
ments [18]. The ECG stick showed ac-
ceptable togood accuracyin AF detection
in different study settings and compara-
ble performance to other AF screening
devices [11, 12].

The ECG stick in a large-scale
screening

Community pharmacies provide access
to medical diagnostics and therapy all
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over the world and have been proven
to be a cornerstone of manifold screen-
ing programs [19, 20]. Thus, the au-
thors designed a study for AF screening
in a pharmacy setting with a commer-
cially available single-lead ECG device.
The aim of this AF screening study was
to determine the incidence of AF and
investigate clinical outcome and health
service-associated key points [21].

In all participating pharmacies, the
staff was educated regarding clinical as-
pects of AF, to obtain medical data in
a custom-built database system, and to
performan ECGstickmeasurement. Any
customer aged 65 years or older was eli-
gible to participate in the study and was
actively invited by the pharmacy staff.
After informed consent was obtained,
the ECG stick analyzed the heartbeat for
1 min and baseline medical and epidemi-
ological data were taken by the pharmacy
staff. In the case of screen-detected AF
indicated by a red light after the mea-
surement, the participants received ad-
ditional information about AF and were
advised to consult a general practitioner
for further diagnosis and treatment. The
measurement took place over 4 weeks in
January and February 2017 at 90 phar-
macies in the city (n=44) and urban re-
gion (n=46) of Aachen, Germany. The
measurement phase was accompanied by
a media campaign consisting of press re-
leases, posters at bus stops, posters and
leaflets in pharmacies, an information
website, information sessions, and radio
spots. A team of seven students, three
study nurses, a computer and IT special-
ist, and a cardiologist were available for
telephone and on-site assistance.

Handling of the ECG stick

In preliminary tests on healthy volun-
teers and eligible participants, different
measurement conditions were tested to
minimize artifacts and improve signal
quality. The pharmacy staff was advised
to follow the recommendations to pro-
vide reliable measurement conditions.
== Preparation: Before the measure-
ment, informed consent was ob-
tained, the participant was taken to
the place of measurement, and a base-
line questionnaire was answered, in
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Abstract

Atrial fibrillation (AF) is the most common
arrhythmia and is highly associated with in-
creased morbidity and mortality. Since many
AF episodes remain subclinical, screening
for AF is considered a desirable approach
for timely diagnosis, prevention of sequelae
and effective treatment. Recently, devices for
AF detection—stand-alone or integrated in
mobile health technology—have become
available and show promising preliminary
results in the detection and monitoring
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Experience in screening for atrial fibrillation and monitoring
arrhythmia using a single-lead ECG stick

of arrhythmia. This review describes the
technical aspects of a single-lead ECG stick
and summarizes the current literature,
experience in large-scale screening for AF in
pharmacies and potential fields of application.
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Kanal-EKG-Sticks

Zusammenfassung

Vorhofflimmern ist die hdufigste Herzrhyth-
musstorung und in hohem MaRe mit erhéhter
Morbiditdt und Mortalitdt verbunden. Da viele
Vorhofflimmerepisoden subklinisch verlaufen,
ist die aktive Suche nach Vorhofflimmern
eine wichtige Grundlage fiir die rechtzeitige
Diagnose, Pravention von Folgeerkrankungen
und wirksame Behandlung. Seit Kurzem sind
Gerate zur Erkennung von Vorhofflimmern -
als eigenstandige Losung oder integriert in
mobile (Gesundheits-)Gerate — verfiigbar und
zeigen erste vielversprechende Ergebnisse
bei der Erkennung und Uberwachung von

Erfahrungen mit dem Screening auf Vorhofflimmern und der
Uberwachung von Herzrhythmusstorungen unter Einsatz eines 1-

Herzrhythmusstérungen. Diese Ubersicht
beschreibt die technischen Aspekte eines
1-Kanal-EKG-Sticks und fasst die aktuelle Lite-
ratur, Erfahrungen in einem gro3 angelegten
Screening auf Vorhofflimmern in Apotheken
und mdgliche Anwendungsgebiete
zusammen.

Schliisselworter

Elektrische Aktivitdt des Vorhofs - Herz-
rhythmusstérung - Vorhofflattern - 1-Kanal-
Elektrokardiogramm - Apotheke

order to get the participants in a calm
mood.

== Body position: Ideal measurement
was in sitting position, an alternative
position was standing. In both
cases the participant had to rest the
forearms on a solid support like
a table or desk. This was important
to reduce transmission of upper
body movement or tremor to the
measurement device.

== Explanation of the ECG stick: The
pharmacy staff held the ECG stick at
the plastic part in the middle (8 Fig. 1)
with one hand and explained the ECG
stick to the participant prior to the
measurement. The status lights
pointed upwards and the labels on
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the ECG stick were readable for the
participant.

= Start of the measurement: The phar-

macy staff asked the participant to
grab one side of the stick at the metal
handgrip. The participant was ad-
vised to hold the ECG stick as firmly
as a bicycle handlebar. After the
participant felt comfortable with the
device, the handgrip at the other side
of the ECG stick was gripped and the
measurement started. This step was
important since the measurement of
the ECG stick starts automatically as
soon as both handgrips are touched,
but in preliminary tests artifacts
appeared in particular in the first
seconds of the measurement. The
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Fig. 3 A Sinus rhythm with ventricular and supraventricular premature contractions with reduced

signal quality. HF heart frequency

authors figured out that, in the first
second, the volunteers who were
not familiar with the device slightly
moved the ECG stick in their hands
and changed pressure to it in order
to have a comfortable hand position
with the consequence of impaired
signal quality and artifacts.

== During the measurement: The phar-
macy staff was advised to inform the
participant on the progress of the
measurement indicated by the status

lights in the middle of the ECG stick.

The participant was asked to breathe
calmly and keep silent during the
measurement.

= End of the measurement: The end of
the measurement was indicated by
a green or red light.

= [nterrupted measurement: If the
measurement was interrupted, the

stick was cleaned electronically by the
database and the entire measurement
procedure had to be repeated.

== Download of the ECG recording by the
custom-built database: The database
checked a connected ECG stick auto-
matically for stored ECG recordings
and in the case of more than one
recording, all files were deleted since
assignment of the recordings to the
correct participant could not be guar-
anteed and recurrent measurement
was not allowed. In the case that one
complete measurement was found,
the file was downloaded from the
ECG stick, the storage was cleaned,
and the measurement and the patient
data were uploaded to a University
Hospital RWTH Aachen server.

== Cleaning the stick: The ECG stick had
to be cleaned in the case of visible
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contamination or at the discretion of
the pharmacy staff or participant.

= [mprovement of signal quality with
fluid: There was no fluid to improve
signal quality significantly in the
authors’ preliminary tests or reported
in literature [12].

In total, 7295 participants were screened
and 7107 eligible participants identified
with full baseline data and results of au-
tomated ECG stick AF analysis. There
were no reports of participants that were
not able to use the ECG stick, as re-
ported in comparable investigations [12].
In the case of a technical problem, the
study team replaced the entire measure-
mentsetup (laptop and ECGsstick) on-site
to avoid interruption of the participant
acquisition. The replaced measurement
setup was brought for maintenance to the
study center. Reasons for technical prob-
lems included: No internet connection,
no connection to the database with avail-
able internet connection, and technical
problems with the laptop. No techni-
cal or usability problems with the ECG
stick were reported during the pharmacy
measurement.

Recorded ECGs

All recorded ECGs were stored on a Uni-
versity Hospital RWTH Aachen server
for validation of the automatically de-
tected heart rhythm by human ECG ex-
perts. For human analysis, files compa-
rable to the original ECG stick file for-
mat were created without the informa-
tion of the automated analysis (@ Fig. 2).
In @Figs. 3, 4, 5and 6, examples of pre-
mature ventricular beats, pacemaker ac-
tivity, atrial flutter, sinuatrial conduction
block, and low signal quality are shown.
To assist ECG experts in heart rhythm
diagnosis, an algorithm to automatically
mark R-peaks was developed [22]. This
algorithm was inspired by the approach of
the dedicated MyDiagnostick algorithm
and comparable single-lead ECG devices.
The ECG experts could switch between
the two ways of visualization with or with-
out R-peak marking.
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Strengths and limitations

Based on the authors’ data, they found
strengths and limitations of the utilized
ECG stick. All participants were capable
of holding the ECG stick and there were
no reports of handling problems. The
ECG stick is able to operate as a stand-
alone device for automated AF detec-
tion. After the measurement, the ECG
stick was controlled via the micro-USB
interface and a custom-built database to
download all data and clearance of lo-
cal storage after the upload to a Uni-
versity Hospital RWTH Aachen server.
Thus, there was no participant related
data—personal or ECG—after the mea-
surement was finished and uploaded to
the server in the pharmacy. The usability
allowed structured training for the phar-
macy staff and reliable measurement con-
ditions for the acquisition period. The
main advantage was the direct availabil-
ity of AF analysis after the measurement
without ECG experts had to be presented
to determine heart rhythm. In human
ECG validation, the vast majority of the
recorded ECGs provided good or excel-
lent signal quality in which the identifi-
cation of heart rhythm was possible by
electrical atrial activity only.

There are several limitations of the
ECG stick that need to be mentioned.
There is no direct feedback implemented
in the case of low signal quality; in the
case of an aborted measurement or very
bad signal quality, a yellow blinking light
should indicate a faulty measurement. In
the authors’ data there was no file with
a yellow measurement or a report from
participating pharmacies of yellow mea-
surements if the protocol was followed.
However, human ECG experts found dif-
fering ECG signal quality, which had an
impact on the diagnosis of correct heart
rhythm for the automated ECG stick and
for human analysis. However, although
the ECG stick provided a result for all
ECG recordings, in a minority of the
recordings the signal quality was so bad
that the ECGs were considered uninter-
pretable for human read-out. The ECG
stick provides no information about bat-
tery charge and capacity of free storage.
To prevent the battery or memory from
running out, the workflow was designed



for frequent connection of the stick to
HF: 110bpm the laptop to charge the internal bat-
tery and clear the storage. However, in
0s WWWW a more uncontrolled situation, like hand-
ing the ECG stick to a patient for out-
patient heart rhythm monitoring, this
75 MWH{\JWM\WW could lead to empty battery and over-
written ECG recordings bylow remaining

storage. There is an inherent limitation
MMWMMWW of 1-min ECG recording and the prag-

14s matic study setting of single-time-point
measurement for patients with paroxys-
mal AF Patientssufferingintermittent AF

21s WN%WMM%MMW episodes could have been missed, since
measurements were performed only once
during a pharmacy visit by the partici-

28s MMMWWW‘J\J‘W pants. Repetitive measurements—or al-
ternatively—continuous ECG recordings

with implanted loop recorders would in-

355 MWWWN&W@W crease the sensitivity to detect all clinical
appearances of AF

The main disadvantage in the authors’

WWAWM\JMW perspective is the single-lead ECG nature
42s of the signal, which correlates with a lead
Einthoven I signal in a 12-lead ECG. In
some cases, a lead I-related ECG record-
49s W\A)WWW\J\J\W[\V\MWW ing offers no ideal ECG deflection in par-
ticular for P-wave detection. Since direct
feedback is not visible to the researcher
56s M\AM%MNM or participants during the recording, this
limitation will first be recognized dur-
ing the manual inspection of the ECG
Fig. 5 A Atrial flutter with 2:1 conduction. HF heart frequency recording. However, this is a technical
limitation for most available single-lead
ECG devices.

In summary, there were no technical
or handling problems in the authors’ co-
hort for the ECG stick. The limitation
to a lead I ECG deflection and the ECG
signal quality influencing the automated
analysis are in the authors’ perspective
the main limitations. The decision for or
against one of the available single-lead
ECG devices for screening of AF should
be made in the context of the intended
use and the target population of screen-
ing. The intended use of the ECG stick is
automated AF detection, which predes-
tines it for any screening for unknown
AF, but also for monitoring of recurrent
AF after medical intervention. Further-
more, it may provide an ECG to symptom
correlation in patients with a suspected
but not yet detected underlying arrhyth-
mia. Besides automated AF detection,
the ECG stick has several potential fields
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by virtue of the ECG signal quality it is
able to provide in an ideal measurement
situation. The authors see potential for
detection of other arrhythmias, whether
supra- or ventricular, and for more so-
phisticated ECG analysis like monitoring
of conduction properties.

Practical conclusion

== The MyDiagnostick offers easy-to-use
single-lead ECG recording and is ca-
pable of detecting AF automatically
in a large-scale screening approach,
but a strict protocol for ECG recording
should be followed.

== Single-lead ECG devices generate in
most cases lead I-related ECG record-
ing, which is for some subjects not
ideal to detect atrial and ventricular
electrical activity.

252 | Herzschrittmachertherapie + Elektrophysiologie 3 -

== ECG signal quality was good to
excellent in most cases in a large-
scale screening study for AF, but
in the case of low signal quality
feedback should be provided.

== Based on these data, the authors
recommend human ECG validation of
the automated analysis in single-lead
ECG recording
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