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1 | BACKGROUND
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Abstract

Background: Although novel teleconsultation solutions can deliver remote situa-
tions that are relatively similar to face-to-face interaction, remote assessment of
heart rate and rhythm as well as risk factors remains challenging in patients with
atrial fibrillation (AF).

Hypothesis.

Mobile health (mHealth) solutions can support remote AF management.

Methods: Herein, we discuss available mHealth tools and strategies on how to
incorporate the remote assessment of heart rate, rhythm and risk factors to allow
comprehensive AF management through teleconsultation.

Results: Particularly, in the light of the coronavirus disease 2019 (COVID-19) pan-
demic, there is decreased capacity to see patients in the outpatient clinic and
mHealth has become an important component of many AF outpatient clinics. Sev-
eral validated mHealth solutions are available for remote heart rate and rhythm
monitoring as well as for risk factor assessment. mHealth technologies can be used
for (semi-)continuous longitudinal monitoring or for short-term on-demand moni-
toring, dependent on the respective requirements and clinical scenarios. As a possi-
ble solution to improve remote AF care through teleconsultation, we introduce the
on-demand TeleCheck-AF mHealth approach that allows remote app-based assess-
ment of heart rate and rhythm around teleconsultations, which has been developed
and implemented during the COVID-19 pandemic in Europe.

Conclusion: Large scale international mHealth projects, such as TeleCheck-AF, will
provide insight into the additional value and potential limitations of mHealth strate-
gies to remotely manage AF patients. Such mHealth infrastructures may be well
suited within an integrated AF-clinic, which may require redesign of practice and

reform of health care systems.

assessment of heart rate and rhythm as well as risk factors remains

challenging.

Atrial fibrillation (AF) is the most prevalent cardiac arrhythmia and is
associated with increased risk of heart failure, stroke, bleeding, acute
coronary syndrome and severe adverse effects of antiarrhythmic
drugs, all of which may lead to unplanned cardiovascular hospitaliza-
tion, morbidity and mortality.m Management of AF risk factors and
monitoring of vital parameters, particularly heart rate and rhythm, are
important for the management of AF patients and prevention of AF-
related morbidity./?

Remote monitoring by means of novel technologies provides
an opportunity to bring the best standard of care and expertise to
the patient rather than the patient having to visit an outpatient
clinic. This may be particularly important for the management of
patients who live remotely and far away from coordinating medical
centers or during catastrophes, including coronavirus disease 2019
(COVID-19), when attendance of outpatient clinics or traveling to
the hospital is not possible or undesirable.®! Although new
teleconsultation solutions can produce remote situations that are

relatively similar to face-to-face interaction, the remote

In this review article, we discuss mobile health (mHealth) tools
and strategies to remotely monitor heart rate and rhythm and incor-
porate AF risk factors assessment to allow comprehensive AF man-
agement through teleconsultation. Additionally, as a possible solution
to improve remote AF care during the COVID-19 pandemic, we intro-
duce the on-demand TeleCheck-AF mHealth approach that allows
remote app-based assessment of heart rate and rhythm around

teleconsultations.

2 | REMOTE HEART RATE AND RHYTHM
MONITORING

Different mHealth tools are available for remote heart rate and
rhythm assessment. Until now, most tools are available within a
patient-initiated paying-model which, together with the absence of
reimbursement, complicates the clinical implementation and guidance

of mHealth use by the treating physician. Additionally, the


mailto:dominik.linz@mumc.nl

HERMANS ET AL.

2L WiLEY- (e

(Semi-)continuous long-term heart rate and rhythm monitoring

FIGURE 1 Remote heart rate
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continuous longitudinal vs on-
demand
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requirements on the way when and how to perform measurements
(semi-continuous vs on-demand (Figure 1) and electrocardiography
(ECG) vs photoplethysmography (PPG), respectively) are critically
dependent on the clinical scenario and setting. As this is difficult for
patients to judge, a physician-initiated or at least -guided approach
appears to be necessary to allow personalized mHealth use and the
selection of the right tool for each patient.

To screen for AF, (semi-)continuous remote monitoring by car-
diac implantable electronic devices (CIEDs), wearables (eg, smart
watches), handheld devices (eg, AliveCor, MyDiagnostick, etc.) or
app-based mHealth solutions using PPG technology through the
smartphone’s built-in camera (eg, FibriCheck) have been developed
and validated (Figure 2). Smartwatches such as Fitbit and Apple
Watch, equipped with PPG technology, are commonly used for

Apple Watch

FIGURE 2 Different mobile
health devices

MyDiagnostick

v' FibriCheck
v" Preventicus
v PulseSmart
v Cardio Rhythm

semi-continuous heart rate and rhythm monitoring during day and
night and have a valuable clinical effect by enabling AF detection in
both symptomatic and asymptomatic patients.”*®! Most of the
devices are CE marked and some of them are connected to secured
and certified clouds, allowing remote access of the data by treating
physicians or allied healthcare professionals. PPG technology is not
sufficient to diagnose AF. Based on the current international AF
Guidelines of the European Society of Cardiology (ESC),? ECG-
documentation of an AF episode is required for diagnosis. As most
PPG algorithms are developed for AF screening scenarios, they oper-
ate in a high sensitivity mode, resulting in a higher number of false
positive recordings.l”? Therefore, in the setting of AF screening,
PPG-detected episodes suggestive of AF need to be confirmed by
an ECG. Despite crucial differences between PPG and ECG
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technologies for heart rhythm monitoring, most of the PPG-based
algorithms are validated to detect AF with a high sensitivity and
specificity.m Additionally, there is already some data that PPG tech-
nology is nearly as accurate as ECG to detect AF.[2?1 In the valida-
tion studies for these devices, atrial high rate episodes (AHRE) from
CIEDs have not been taken into account. Given the wide availability
and low cost, PPG technology may represent an optimal screening
tool to detect AF, which can then be confirmed by ECG technology
afterwards in a second step.

While PPG technology has limitations to diagnose AF, the wide
accessibility and low cost of this technology via smartphone apps
makes it an interesting tool for remote heart rate and rhythm moni-
toring of patients who have already been diagnosed with AF. A tem-
porary pre-determined on-demand approach, where heart rate and
rhythm information are provided to the health care provider just
before a scheduled appointment appears to fulfill most requirements
to manage AF patients remotely through teleconsultation. This on-
demand, rather than unfocused long-term monitoring enables an
ideal remote consultation with helpful and crucial well-timed heart
rate and rhythm information available for the treating physician,
nurse or allied healthcare professional to steer management of
patients with ECG-documented AF. For an on-demand mHealth
approach, apps can be activated “on prescription” and linked to a
secured cloud, which is accessible by the treating physician or nurse.
Additionally, simultaneous monitoring of heart rhythm and symp-
toms provides information about symptom-rhythm correlation. On-
prescription monitoring increases awareness with the patients who
are better prepared for the remote consultation: patients know that
symptom and rhythm evaluation is on the agenda during the consul-
tation, together with discussions on necessary treatments. An on-
demand monitoring approach also avoids unnecessary data load,
which would require work-intensive and expensive data manage-

ment infrastructures.

teleconsultation teleconsultation

3 | REMOTE ASSESSMENT AND
MANAGEMENT OF AF RISK FACTORS

Management of risk factors is an important component of AF treat-
ment. Despite convincing evidence for the need of risk factor man-

(191 it remains unclear, how best to assess risk

agement in AF patients,
factors and guide risk factor management and lifestyle modification in
a remote setting.m] Established risk factors are often assessed only
once in a structured way at the time point when AF patients present
for the first time in the AF-clinic (spot-assessment of risk factors).
However, several AF risk factors may show a high visit-to-visit or
even day-to-day variability and lifestyle components such as physical
activity, diet and sleep behaviors may be variable over time.l***”! This
visit-to-visit or day-to-day variability does not just complicate the
detection of AF risk factors but may also have a prognostic implica-
tion. High visit-to-visit variability in risk factors is associated with
increased risk of incident new-onset AF, worse cardiovascular out-
come and increased mortality.[ls'zol Hence, assessment of risk factors
requires a longitudinal and remote structured monitoring infrastruc-
ture (Figure 3). Additionally, longitudinal documentation of risk factors
during a risk factor modification program may allow monitoring of the
response to the intervention and adaptation and guidance as required
to optimize the results.

For the implementation of remote and longitudinal assessment of
risk factors and lifestyle components, mHealth applications and technol-
ogies such as activity trackers, Bluetooth-linked balances, blood pres-
sure devices and diary apps to assess diet may provide the required
infrastructures. Smartphone apps as well as smartwatches already pro-
vide longitudinal information about most lifestyle components and

some risk factors. The smartphone app “Health Buddies application”?"

or a computer-animated application designed by Magnani et al.??
resulted in increased adherence to oral anticoagulation and improved

quality of life in AF patients. A meta-analysis of 51 randomized
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controlled trials demonstarted that compared with usual care, mHealth
interventions in diabetes and hypertension management yielded signifi-
cant mean differences in clinical outcomes including blood pressure,
fasting blood glucose and HbAl1c control and had positive effects on
improving quality of life, satisfaction and self-efficacy.?>?* However,
until now, these apps are almost exclusively patient-initiated and not
implemented in structured patient care pathways. Therefore, most of
the apps remain as lifestyle products and have not found their way to
clinical implementation.

Another emerging modifiable AF risk factor is sleep apnea.[25]

Technologies implemented in implantable devices, on-contact
biomotion sensors with actimetry, ballistic sensors or Doppler technol-
ogy with radar frequencies can remotely monitor breathing during
sleep.2¢27) Wearable devices with inbuilt pulse oximeters are now also
becoming commercially available raising the prospect of routinely mea-
suring the night-to-night variability of sleep disordered breathing sever-
ity by means of the oxygen desaturation index or determining hypoxic
burden more broadly by newer validated algorithms.[17’28] Several clini-
cal trials have demonstrated the feasibility of mHealth-based sleep
apnea management compared with a more traditional in-person care
model, suggesting non-inferiority in terms of adherence to continuous
positive airway pressure treatment and compliance as well as functional
outcomes such as satisfaction and cost-effectiveness. 27!
Technologies for longitudinal monitoring of lifestyle components
and AF risk factors are available and may support a more complete
remote assessment and management of AF patients in the future,
once these tools can be implemented in existing clinical pathways or
emerging mHealth approaches. In addition to the assessment of risk
factors, mHealth infrastructures and apps can also be helpful in apply-
ing dedicated in-app coaching to improve lifestyle and control risk fac-
tors by behavioral changes.®*! Besides this, telemonitoring can also

optimize medication adherence.[*?

4 | CLINICAL IMPLEMENTATION OF
TELECONSULTATION AND MHEALTH
SOLUTIONS IN AN INTEGRATED CARE
APPROACH

Integrated care has been recognized as a suitable approach to manage
patients with chronic conditions and complex treatments, such as AF,
in international guidelines of the ESC for the management of AF.[33:34!
Implementation of teleconsultation and the use of mHealth solutions
should be embedded within this integrated care approach, whilst
adhering to the following four fundamental components:

1) The use of technology by means of eHealth or mHealth. This
aims to support and guide the patient through the care process (eg,
patient education and instruction) as well as the treatment team
(smart technology to support decision making).[35] In fact, such tech-
nology solutions should support integrated care in terms of actively
involving patients in their care process, collaboration within multi-
disciplinary teams, and provide guidance in the complex (shared) treat-

ment decisions and coordination of care.

2) Active involvement of the patient is promoted through the
mHealth solutions. The role of the patient in an mHealth infrastruc-
ture is crucial, as the treatment team relies on the patient to use the
infrastructure and collect and provide data on vital parameters such
as heart rate and rhythm as well as symptoms and potential risk fac-
tors. However, before patients can take on such a task, they should
be educated and clearly instructed, so they understand what is
expected from them.

3) The treatment may be provided by a multidisciplinary treatment
team. This team consists of cardiologists, nurses, primary care physi-
cian and other specialists that might be involved in the management
of AF, depending on the individual case. Infrastructure for such an
approach might be available in terms of a specialized AF-clinic,1¢!
where cardiologists and specialized nurses would work closely with
the patient, in a face to face setting or via teleconferencing, aiming to
improve efficiency and outcomes.®”? Communication is key in such
teams to assure that all team members understand their role and con-
tribution, and that there is a designated care coordinator. Depending
on the context this may be a nurse within the AF-clinic or administra-
tive staff.

4) The final component of integrated care is the delivery of com-
prehensive treatment. Besides the management of AF (ie, heart rate
and/or rhythm control strategy to improve symptoms) alone, it is cru-
cial to determine the potential stroke risk and prescribe appropriate
oral anticoagulation accordingly to prevent thromboembolic complica-
tions; management of precipitating factors (such as underlying cardio-
vascular conditions and modifiable risk factors) to reduce the
cardiovascular burden to consequently reduce the AF burden.[3338-401

These four fundamentals form the basis of an integrated AF care
approach and the use of mHealth solutions through teleconsultations,
seamlessly fits within an AF-clinic as well as with the aims of inte-
grated care: improving outcomes while preventing fragmentation of
care. One possible pathway to implement an on-demand mHealth
infrastructure for remote heart rate, rhythm and risk factor assess-
ment to allow comprehensive AF

management  through

teleconsultation is shown in Figure 4.

5 | ANEXAMPLE OF AN MHEALTH
PROJECT TO MANAGE AF PATIENTS
THROUGH TELECONSULTATION DURING
COoVID-19

TeleCheck-AF is an on-demand mHealth intervention incorporating an
app-based heart rate and rhythm monitoring infrastructure to allow
remote AF management through teleconsultation. During the COVID-19
pandemic, it was made available in several European centres to keep
AF patients out of the hospital (see Figure 5).2%4242! TeleCheck-AF
involves a structured teleconsultation (“Tele”) preceded by an app-
based on-demand heart rate and rhythm monitoring infrastructure
(“Check”) to guarantee comprehensive AF management (“AF”).5%)
The Conformité Européenne (CE)-marked PPG-based mobile phone

app (www.fibricheck.com) allows semi-continuous heart rate and
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FIGURE 4 Remote heart rate, rhythm and risk factor assessment by the use of mobile health solutions through teleconsultation
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FIGURE 5 The TeleCheck-AF project

rhythm monitoring of AF patients for 7 days prior to and during the
One

compared to other systems of telemonitoring is the on-demand

teleconsultation. important advantage of TeleCheck-AF
mHealth approach./*3 It enables the physicians to use heart rate and
rhythm data for treatment decisions and prevents unnecessary data
collection which would be the case with continuous long-term heart
rate and rhythm telemonitoring systems (eg, wearables devices or
CIEDs), and which need to be managed afterwards requiring work-
intensive and expensive data management infrastructures. Addition-
ally, the on-demand heart rate and rhythm monitoring approach
empowers patients to monitor their vital parameters and self-
manage their condition. Patients are involved in making decisions
about measurement time and number of measurements during the
day, that depends in particular on the presence of symptoms.
Furthermore, the TeleCheck-AF approach provides crucial informa-
tion about symptom-rhythm correlation by simultaneous rhythm and
symptom assessment to steer appropriate AF management. The

TeleCheck-AF infrastructure can be combined with other available

app-based risk factor assessment tools, to allow the comprehensive

remote assessment and management of AF patients.

6 | FURTHER CHALLENGES FOR
IMPLEMENTATION OF MHEALTH IN
CLINICAL PRACTICE

Implementation of mHealth infrastructures require adaptation of exis-
ting care coordination and clinical pathways.[43] An important element
for embedding mHealth in clinical practice is the accessibility of the
recordings by other healthcare professionals. For this, a connection
with the patients' electronic healthcare record is crucial. This connec-
tion facilitates automatic transmission of the recordings from the
secured cloud to the electronic healthcare record of the patient and
increases the accessibility of the data for other healthcare profes-
sionals. Additionally, many AF apps lack scientific validation and are
written at excessively high reading-grade levels challenging users with
limited health literacy. Although mHealth solutions for heart rate and
rhythm monitoring are clinically established and used, apps for longi-
tudinal risk factor assessment are not available and were therefore
not yet incorporated in the TeleCheck-AF approach. Finally, a multi-
disciplinary effort by regulatory agencies, healthcare organizations,
and app stores is required to improve relevance, scientific validity, and
readability of AF apps for AF patients.**! Additionally, discussions
with insurance companies about reimbursement of mHealth infra-
structures and with different stakeholders to agree on security and

privacy regulations are initiated in different countries.[3%4%!

7 | CONCLUSION

Health tools in the management of AF are becoming indispensable in

current healthcare. Novel tools are able to remotely assess heart rate
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and rhythm and incorporate AF risk factor assessment to allow com-

prehensive AF management through teleconsultation. TeleCheck-AF

is one, but not the only possible solution to improve remote AF care

during the COVID-19 pandemic and will provide insight into the addi-

tional value and potential limitations of mHealth strategies to

remotely manage AF patients. Such mHealth infrastructures may be

well suited within an integrated AF-clinic, which may require redesign

of practice and reform of health care systems.
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