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Abstract During the coronavirus 2019 (COVID-19) pandemic, outpatient visits in the atrial fibrillation (AF) clinic of the
Maastricht University Medical Centre (MUMCþ) were transferred into teleconsultations. The aim was to develop
anon-demand app-based heart rate and rhythm monitoring infrastructure to allow appropriatmanagement of AF
through teleconsultation. In line with the fundamental aspects of integrated care, including actively involving patients
in the care process and providing comprehensive care by a multidisciplinary team, we implemented a mobile health
(mHealth) intervention to support teleconsultations with AF patients: TeleCheck-AF. The TeleCheck-AF approach
guarantees the continuity of comprehensive AF management and supports integrated care through teleconsultation
during COVID-19. It incorporates three important components: (i) a structured teleconsultation (‘Tele’), (ii) a CE-
marked app-based on-demand heart rate and rhythm monitoring infrastructure (‘Check’), and (iii) comprehensive
AF management (‘AF’). In this article, we describe the components and implementation of the TeleCheck-AF ap-
proach in an integrated and specialized AF-clinic through teleconsultation. The TeleCheck-AF approach is currently
implemented in numerous European centres during COVID-19.
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Introduction
Atrial fibrillation (AF) is the most prevalent cardiac arrhythmia and as-
sociated with morbidity such as heart failure and an increased risk of
thromboembolic complications, and mortality.1 Patients with AF are
considered vulnerable and monitoring of vital parameters,

particularly heart rhythm and rate, is important and recommended to
guide treatment decisions and prevent AF-related morbidity, such as
tachy-cardiomyopathy.2

During the coronavirus 2019 (COVID-19) pandemic, social dis-
tancing was implemented as part of the strategy to prevent extensive
spread of the virus and consequently keeping the number of cases at
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a manageable level for the medical system (flattening the curve).
Despite these preventive interventions, as of 3 June 2020, 6 348 900
confirmed cases of severe acute respiratory syndrome virus 2 (SARS-
CoV-2) infections causing COVID-19 have been reported globally,
including 380 810 deaths.3 Among these, a significant proportion of
affected individuals appears to suffer from concomitant cardiovascu-
lar conditions.4 Medical centres responded by keeping vulnerable
multi-morbid patients with chronic conditions out of the hospital and
elective cases as well as outpatient appointments were cancelled or
performed as teleconsultations, where possible.

Early during the COVID-19 pandemic, the AF outpatient clinic
(AF-clinic) of the Maastricht University Medical Centre (MUMCþ)
was restructured to maintain the management of vulnerable mul-
timorbid AF patients out of the hospital to prevent worsening of
the condition as well as to prevent AF-related hospitalizations.
Traditional face-to-face outpatient consultations in AF-clinics were
transferred into teleconsultations. The downside of this was that tele-
consultations were conducted without any information about heart
rhythm or rate of the patients, which resulted in discomfort and un-
certainty of the physician and patient. While symptoms could be
assessed by detailed history taking, the presence of AF, and even
more important, the ventricular rate during AF in patients with per-
sistent AF prone to develop tachy-cardiomyopathy was not known.
Adoption of medication was mainly based on physician’s instinct and
subjective patient-reported symptoms rather than on objective
measures, and hindered a safe and individualized treatment approach,
which is one of the goals of integrated AF-clinics.

In line with the fundamental aspects of integrated care, such as ac-
tively involving patients in the care process and providing compre-
hensive care by a multidisciplinary team, we implemented a mobile
health (mHealth) intervention to support teleconsultations with AF
patients: TeleCheck-AF. In this article, we describe the components
and implementation of the TeleCheck-AF approach in an integrated
and specialized AF-clinic through teleconsultation during COVID-19.

The TeleCheck-AF approach

The TeleCheck-AF approach guarantees the continuity of compre-
hensive AF management and supports integrated care through tele-
consultation during COVID-19. It incorporates three important
components: (i) a structured teleconsultation (‘Tele’), (ii) an app-

based on-demand heart rate and rhythm monitoring infrastructure
(‘Check’), and (iii) comprehensive AF management (‘AF’) (Figure 1).

Teleconsultation
Teleconsultation allows healthcare professionals to conduct remote
patient consultations and communication between physicians.5 It can
be organized by a telephone conversation as well as by videoconfer-
encing or videotelephony. Cardiologists/electrophysiologists as well
as specialized AF nurses can be involved in teleconsultation and all
contribute to patient education and ultimately in shared decision-
making processes. According to current AF guidelines,2 patient char-
acteristics, comorbidities and AF risk factors should be assessed, and
as such structured history taking is an important part of the telecon-
sultation. Although new teleconsultation solutions can produce re-
mote situations that are relatively similar to face-to-face interactions,
a standardized assessment of heart rate and rhythm remains challeng-
ing. In TeleCheck-AF, we introduce an on-demand app-based heart
rate and rhythm monitoring infrastructure for the integration of re-
mote documentation and guidance of AF management through
teleconsultation.

On-demand app-based symptom,
heart rate, and rhythm check
Remote heart rate and rhythm assessment in TeleCheck-AF is en-
sured by an on-demand monitoring infrastructure, which is based on
a mobile phone app (FibriCheckVR ) using photoplethysmography
(PPG) technology through the built-in camera. This app is CE
marked, connected to a secured and certified cloud and validated
(sensitivity: 96%; specificity: 97%) to detect AF via PPG signals and to
provide rate measures during sinus rhythm and AF.6,7 Patients are
instructed to use this app three times every day and in case of symp-
toms to provide a semi-continuous longitudinal information about
heart rate, rhythm and symptoms. The simultaneous assessment of
heart rhythm and symptoms in the app allows assessment of
symptom-rhythm correlation. The goal is to provide heart rate and
rhythm information to allow a better assessment of the disease state
of the patient and to support in treatment decisions during the tele-
consultation. On-demand, the app can be activated for a limited pre-
defined time period by a QR-code, which acts as a mHealth-
prescription. Once the app is activated by the QR-code, all PPG
recordings are instantly submitted to a secured cloud which is acces-
sible by the treating physician and can be used during the teleconsul-
tation. In this TeleCheck-AF approach, we propose activation of the
app for 7 days. However, dependent on the clinical question and the
physician preference, the use of the app can be adapted and con-
trolled by providing respective QR-codes. The app regularly reminds
the patients by pop-up messages to assess heart rate and rhythm
which supports adherence and provides suggestions on how to im-
prove recording quality in case of failed measurements. Additionally,
the app provides educational information about AF, its complications
and treatment.

Atrial fibrillation management
The management of AF consists of four main domains: (i) rate control
for symptom management and preservation of left ventricular

What’s new?

• On-demand heart rate and rhythm monitoring infrastructures
support integrated care through teleconsultation.

• TeleCheck-AF guarantees the continuity of comprehensive
atrial fibrillation management through teleconsultation during
COVID-19.

• The TeleCheck-AF approach is currently implemented in nu-
merous European centres during COVID-19.
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function, (ii) rhythm control to improve symptoms, (iii) prescribing
appropriate oral anticoagulation according to stroke risk to prevent
thromboembolic complications, and (iv) management of precipitating
factors (i.e. underlying cardiovascular conditions and modifiable risk
factors) to reduce the cardiovascular burden.2 Given the multifaceted
character of AF management and limitations due to fragmentation of
care, novel models of care delivery have been identified to improve
efficiency and co-ordination of care, whilst improving clinical and pa-
tient outcomes. Integrated care is such an approach that is based on

the principles of the Chronic Care Model8 and aims to provide care
which is in line with the patient’s needs, preferences and values and is
based on the best available evidence. The concept of integrated care
for AF management consists of four fundamental and indispensable
aspects, including:

Patient involvement in the care process: Following a patient-centred
approach, it is important to actively involve patients and their care-
givers in the care delivery, which includes involvement in decision-
making as well as undertaking self-management activities to support

Figure 1 The TeleCheck-AF approach consist of three important components. A structured teleconsultation (‘Tele’), an app-based on-demand
heart rate and rhythm monitoring infrastructure (‘Check’), and a comprehensive atrial fibrillation management (‘AF’).
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the treatment.9 Engagement is an important vehicle to build trust be-
tween patient and care provider and for the patient to understand
their fundamental role in the care team.

Multidisciplinary team: A multidisciplinary team is often involved to
appropriately manage this complex condition. The infrastructure of
such collaborative practice model should be built in an AF-clinic and
requires collaboration and communication between multiple special-
ists that can be involved in the management of AF. Moreover, integra-
tion of specialized hospital care and primary health care is crucial
to warrant continuous delivery of care and structured follow-up in
the appropriate setting, with important roles for nurses and allied
health professionals in terms of patient education and co-ordination
of care.9

Use of technology: The use of smart technology is helpful for health
care professionals (e.g. decision support technology, telemonitoring
or mHealth) as well as for patients (e.g. disease-specific educa-
tional applications, monitoring technology).10,11 These applications
aim to encourage integrated AF management whether it is by sup-
porting decision-making in the treatment team or empowering
patients to monitor their vital parameters and self-manage their
condition.

Comprehensive treatment and access to all treatment options: The
management of AF should cover all domains of AF treatment as
described before, however, the composition and content of these
domains will differ per individual patient and the availability of
resources.

These fundamental aspects of integrated care are the basic infra-
structure of integrated, specialized AF-clinics. In our institution, the
AF-clinic was developed a decade ago and has demonstrated clinical
value,12–14 and international guidelines have adopted this approach,
which is recommended as the Gold Standard management approach
for AF.2 The TeleCheck-AF approach underlines the multifaceted
character of AF management. The mHealth intervention puts the pa-
tient ‘in charge of their own care’, by asking them to prove vital data
in order to determine the best possible treatment. Engagement with
the patient and providing clear instructions is key, which commences
before the teleconference. Within the teleconsultation, dedicated AF
treatment—based on the data provided by the patient—will be pro-
vided as part of a comprehensive AF management approach provided
by a multidisciplinary team.

Implementation of TeleCheck-AF
in an integrated atrial fibrillation
care approach

Who is eligible?
Heart rate and rhythm assessment in the TeleCheck-AF approach is
based on PPG measures by an app. As diagnosis of AF still requires a
documentation of an AF episode by electrocardiogram,2TeleCheck-
AF is mainly appealing for the remote management of patients with
previously documented AF. We identified several clinical scenarios in
which TeleCheck-AF could support AF management through tele-
consultations during the COVID-19 pandemic. First, for the assess-
ment of heart rate and rhythm in patients scheduled for an
outpatient clinic visit. Second, to guide rate control in patients who

report with symptomatic (haemodynamically stable) recurrent AF
episodes to the general practitioner, outpatient clinic, or emergency
department. Third, since no Holter recordings are available during
COVID-19, the approach can be used to assess rate and rhythm after
ablation for AF and fourth, to up-titrate beta-blockers in patients
with heart failure. In addition to assessment of heart rate and rhythm,
the app also provides information on symptom-rhythm correlation
by simultaneously assessing symptoms.

TeleCheck-AF patient instruction
Instruction and education of patients are key factors for successful
implementation of the remote on-demand heart rate and rhythm
monitoring for the management of AF patients. A case co-ordinator
(e.g. a secretary or nurse) has an important role in clearly instructing
the patient about why, how and when to use the app.

Why

The case co-ordinator explains that due to COVID-19 pandemic all
face-to-face consultations are transferred to teleconsultations and
that an electrocardiogram (ECG) cannot be performed to assess
heart rate and rhythm. Therefore, an mHealth-prescription to use
the FibriCheckVR app is provided.

How

The case co-ordinator provides instruction which includes an installa-
tion manual together with the activation QR-code which is sent to
the patient by e-mail (Figure 2). The case co-ordinator evaluates after
24 h in the cloud if patients were able to activate the app and to per-
form measurements (Figure 3). In case patients need further support,
the case co-ordinator or the helpdesk of FibriCheckVR can be
contacted.

When

The provided patient manual instructs the patient to perform three
measurements a day and in case of symptoms for a period of 7 days
before the teleconsultation. In addition, patients are asked to assess
their body weight and blood pressure, if possible, on a daily basis and
provide the measurements during the teleconsultation.

Adherence
The on-demand mHealth approach is critically dependent on the will-
ingness and adherence of the AF patients to perform the measure-
ments. Besides education and engaging patients in their own AF
management several features implemented in the app improve the
adherence in TeleCheck-AF. On a daily basis, an automatic pop-up
message is sent to the patients as reminder to perform heart rate and
rhythm measurements. Additionally, the time-period of ‘only’ 7 days
and the straightforward, simple and short measurement procedure
(maximum 2 min) makes this approach very acceptable for patients.

Implementation of heart rate and rhythm

information into teleconsultation

After 7 days, the QR-code expires, and the data collection stops. In
the cloud, an automatic report is generated containing a summary of
all measurements including heart rate, rhythm and symptoms.
Additionally, all healthcare professionals have access to the raw PPG
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traces of their patients via the cloud. Before the planned teleconsulta-
tion, the physician logs into the cloud and can easily assess heart rate,
rhythm and symptoms recorded by the patients during the week be-
fore which can be used to guide AF-management during the telecon-
sultation (Figure 4). If needed, patients are asked to repeat the
measurements for one more week to check if medication changes
for rate and rhythm control were effective or not. For this, they re-
ceive a new QR-code which then can be activated and a follow-up
teleconsultation will be planned. Structured and comprehensive risk
assessment and management is an important part of TeleCheck-AF
during the teleconsultation. Based on self-reported body weight and
blood pressure, obesity and hypertension can be managed, and gen-
eral lifestyle changes recommended (Table 1).

In addition to healthcare professionals, also the app facilitates edu-
cation by providing information on AF, risk factors, lifestyle, heart fail-
ure, and stroke risk (Figure 5). Furthermore, education about the
importance of lifestyle and risk factor management as well as treat-
ment adherence is provided by online information material (e.g.
www.getsmartaboutafib.net).

Discussion

In recent online statements on the European Society of Cardiology
website as well as in consensus papers on the guidance for the man-
agement of AF patients during the COVID-19 pandemic from the

Heart Rhythm Society, American College of Cardiology, and
American Heart Association,15 the use of telemedicine and mHealth
solutions for remote patient care are recommended. However, a uni-
versal solution to allow wide and fast implementation of mHealth
infrastructures is not provided. Herein, we describe our TeleCheck-
AF approach incorporating a remote on-demand app-based heart
rate and rhythm monitoring infrastructure and a comprehensive AF
management approach through teleconsultation.

TeleCheck-AF includes fundamental components of a comprehen-
sive integrated care approach (Figure 1). The patient is actively in-
volved in the treatment trajectory by monitoring heart rate and
rhythm information, as well as blood pressure and weight measures.
Education about AF management and the importance of lifestyle and
risk factor management is provided by a multidisciplinary team during
teleconsultations. Also, there is a focus on empowering patients to
self-manage these conditions which includes treatment adherence.
Moreover, the app provides push notifications with information
about their condition and the importance of adhering to the treat-
ment regimen. This supports self-management and ensures a regular
data collection. The app is a true example of mHealth impacting both
the patient (i.e. patient involvement by active role to provide data on
rate and rhythm and reminding to adhere to the treatment regimen),
as well as the health care professional (i.e. validated insights in rate
and rhythm). During COVID-19, the accessibility to elective interven-
tions and procedures such as electrical cardioversion as well as elec-
tive invasive interventions such as AF ablation is limited.16

Nevertheless, remote adaptation of rate and rhythm medication
guided by the on-demand monitoring infrastructure together with a
comprehensive risk factor management, which has been shown to
maintain sinus rhythm and reduce the need of AF ablation,15 are ele-
mental parts of TeleCheck-AF and helps managing AF patients during
the COVID-19 pandemic.

The on-demand mHealth application for a limited predefined time
period of 7 days prior the scheduled teleconsultation within the
TeleCheck-AF approach is novel and differs from previous settings
where mHealth is typically used for a longer rhythm monitoring pe-
riod or provide decision support, risk assessment and patient educa-
tion according to existing guidelines.7,17,18 The goal in TeleCheck-AF
is to make heart rate and rhythm information available, to allow a bet-
ter assessment of the disease state of the patient and to support in
treatment decisions through teleconsultation. The limited validity,
regulated by a QR code, avoids unnecessary data-load. Additionally,
maintenance costs associated with long term use of apps do not

Figure 2 Installation manual including the QR-code for activation. This manual provides a step by step approach to download the app and how to
perform a measurement.

Figure 3 Organization of the care pathway, preparation phase.
One week before the teleconsultation, the physician identifies eligi-
ble patients. Subsequent, the secretary or nurse contacts the patient
and explains that the face-to-face consultations is transferred to tel-
econsultation due to the COVID-19 pandemic. An e-mail including
the manual and QR-code is sent to the patient; after 24 h the secre-
tary/nurse check whether the patient activated the app.
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occur with an on-demand approach, which makes this TeleCheck-AF
approach available for low costs.

An app-based approach has several advantages over device-based
or wearable-based approaches during the COVID-19 pandemic. No
hardware is required which has several hygienic and logistical advan-
tages. The heart rate and rhythm monitoring infrastructure in

TeleCheck-AF is a complete stand-alone unit, does not require any
installation of software on a computer and can be combined in a flexi-
ble way with teleconsultation via telephone conversation, video-
conferencing, or videotelephony. A potential disadvantage is, that
an ECG cannot be provided; however, the FibriCheck app algor-
ithm is able to validly inform about the presence of AF and current
heart rate.6

The broad accessibility of the mobile phone app used in
TeleCheck-AF allows a fast implementation of the herein described
mHealth infrastructure during the COVID-19 pandemic. Currently,
MUMCþmakes the TeleCheck-AF infrastructure available in numer-
ous large European centres focused on AF management within the
TeleCheck-AF project. The TeleCheck-AF project was initiated on
the 04 April 2020. The motto is: ‘Let’s keep our AF patients out of
the hospital during COVID-19!’. The goal is to maintain and secure
AF care during COVID-19 and we are currently inviting other
European centres to participate in this project.19 For more in-
formation visit our website: www.telecheck-af.com and follow
#TeleCheckAF on Twitter.

Perspectives and challenges
In the TeleCheck-AF project, we aim to show that the TeleCheck-AF
approach can be easily implemented and used in different European
centres during the COVID-19 pandemic. Besides other factors, the

Figure 4 Organization of the care pathway. During 1 week before the teleconsultation, patients are asked to measure three times a day and in case
of symptoms. Before the teleconsultation, the treating physician logs into the cloud to evaluate the measurement.

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

Table 1 Structured teleconsultation

Structured teleconsultation

(1) Remote assessment of heart rate and rhythm

(2) Detailed history taking

(3) Stroke risk assessment (CHA2DS2-VASC score)

(4) Self-reported risk factor assessment
• Hypertension
• Obesity

(5) Additional risk factor assessment
• Glucose, kidney function, hypercholesterolaemia, and thyroid

function if needed in collaboration with general practitioner
• Education and lifestyle advise
• AF management: adaptation of rate control, anticoagulation

treatment

6 N.A.H.A. Pluymaekers et al.
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lack of uniform European-wide legislation for teleprescription of
drugs, digital health and reimbursement models have largely pre-
vented the widespread use and broad clinical implementation of digi-
tal health services.20 Hopefully, the challenges of COVID-19 may
help speed up the discussions with health insurances, hospitals and in-
dustry partners are required to allow broader clinical implementation
of this infrastructure in the future.20 Whether TeleCheck-AF repre-
sents a streamlined and cost-effective monitoring system after the
COVID-19 pandemic should be evaluated. For this further study is
warranted to test for efficacy, safety and durability of this approach.

Conclusion

Herein, we describe a new mHealth approach facilitating AF manage-
ment through teleconsultation. The TeleCheck-AF approach incor-
porates a structured teleconsultation, CE marked app-based on-
demand heart rate and rhythm monitoring and integrated specialized
AF management, and it can be easily implemented in European
centres during COVID-19.
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9. Hendriks JM, Heidbüchel H. The management of atrial fibrillation: an integrated
team approach—insights of the 2016 European Society of Cardiology guidelines
for the management of atrial fibrillation for nurses and allied health professionals.
Eur J Cardiovasc Nurs 2019;18:88–95.

10. Orchard J, Neubeck L, Freedman B, Li J, Webster R, Zwar N et al. eHealth tools
to provide structured assistance for atrial fibrillation screening, management, and
guideline-recommended therapy in metropolitan general practice: the AF-
SMART study. J Am Heart Assoc 2019;8:e010959.

11. Guo Y, Lane DA, Wang L, Zhang H, Wang H, Zhang W et al. Mobile health tech-
nology to improve care for patients with atrial fibrillation. J Am Coll Cardiol 2020;
75:1523–34.

12. Hendriks JM, de Wit R, Crijns HJ, Vrijhoef HJ, Prins MH, Pisters R et al. Nurse-
led care vs. usual care for patients with atrial fibrillation: results of a randomized
trial of integrated chronic care vs. routine clinical care in ambulatory patients
with atrial fibrillation. Eur Heart J 2012;33:2692–9.

13. Wijtvliet E, Tieleman RG, van Gelder IC, Pluymaekers N, Rienstra M, Folkeringa
RJ et al. Nurse-led vs. usual-care for atrial fibrillation. Eur Heart J 2020;41:634–41.

14. Hendriks JML, Tieleman RG, Vrijhoef HJM, Wijtvliet P, Gallagher C, Prins MH
et al. Integrated specialized atrial fibrillation clinics reduce all-cause mortality:
post hoc analysis of a randomized clinical trial. Europace 2019;21:1785–92.

15. Middeldorp ME, Ariyaratnam J, Lau D, Sanders P. Lifestyle modifications for
treatment of atrial fibrillation. Heart 2020;106:325–32.

16. Lakkireddy DR, Chung MK, Gopinathannair R, Patton KK, Gluckman TJ,
Turagam M et al. Guidance for Cardiac Electrophysiology During the
Coronavirus (COVID-19) Pandemic from the Heart Rhythm Society COVID-19
Task Force; Electrophysiology Section of the American College of Cardiology;
and the Electrocardiography and Arrhythmias Committee of the Council on
Clinical Cardiology, American Heart Association. Heart Rhythm 2020;141:
e823–31.

17. Kotecha D, Chua WWL, Fabritz L, Hendriks J, Casadei B, Schotten U et al.; the
European Society of Cardiology (ESC) Atrial Fibrillation Guidelines Taskforce,
the CATCH ME consortium and the European Heart Rhythm Association
(EHRA). European Society of Cardiology smartphone and tablet applications for
patients with atrial fibrillation and their health care providers. Europace 2018;20:
225–33.

18. Aronsson M, Svennberg E, Rosenqvist M, Engdahl J, Al-Khalili F, Friberg L et al.
Designing an optimal screening program for unknown atrial fibrillation: a cost-
effectiveness analysis. Europace 2017;19:1650–6.

19. Linz D, Pluymaekers N, Hendriks JM; TeleCheck-AF investigators. TeleCheck-
AF for COVID-19: A European mHealth project to facilitate atrial fibrillation man-
agement through teleconsultation during COVID19. Eur Heart J 2020;41:1954–5.

20. Frederix I, Caiani EG, Dendale P, Anker S, Bax J, Böhm A et al. ESC e-
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