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ABSTRACT Atrial fibrillation is the most prevalent arrhythmia associated with the risk of developing stroke
and heart failure. Catheter ablation and electrical cardioversion are standard interventional procedures to treat
atrial fibrillation. Patients are recommended to undertake regular heart rhythm assessment after the procedure
due to the high recurrence rate of atrial fibrillation. Multiple mobile applications with high sensitivity and
accuracy rates in rhythm analysis have been developed to support on-demand rhythm monitoring. This
literature review aims to provide an overview of emerging evidence about the impact of mobile ECG
monitoring on AF management. Keywords and index terms used in the search strategy include "atrial
fibrillation" AND "mhealth" OR "mobile health" OR "mobile app" OR "mobile application" OR smartphone
OR mobile AND "electrocardiography", "electrocardiogram" OR "ECG" OR "monitoring". A search using
all identified keywords and index terms was undertaken across the following databases: PubMed, CINAHL,
and EMBASE. Incorporating the novel mobile ECG monitoring technology in the guideline-adherent
integrated AF care model may reduce rehospitalisation, improve HRQoL, and better patient clinical
outcomes. Mobile applications with ECG monitoring functions can provide user-friendly on-demand rhythm
monitoring, facilitating the early detection of recurrent AF post-ablation.

INDEX TERMS Atrial Fibrillation; Electrocardiography; Mobile Application; Smartphone; Telemedicine.

I. INTRODUCTION
Atrial Fibrillation (AF) is the most prevalent arrhythmia [1].
The global burden of AF has doubled since 1990 [2]. It is
predicted that the global burden of AF will increase by at
least 60% in 2050 [3]. The prevalence of AF increases with
advancing age. According to the Australian Institute of
Health and Welfare [4], AF prevalence among Australians
over 55 is estimated to be around 5%. Besides, AF is
associated with the risk of developing stroke and heart failure
[5]. In Australia, the annual health care expense on
diagnosing and treating AF is estimated to be $881 million
[4].

Atrial fibrillation is often treated with antiarrhythmic
medications or interventional procedures. Standard
interventional procedures that aim to restore sinus rhythm
include catheter ablation and electrical cardioversion [6].
However, the recurrence rate is high (41% to 54%) after the
procedure [7]. Professional guidelines recommend routine

rhythm monitoring and symptom assessment to guide AF
management [6]. Traditionally, patients have 12-lead
electrocardiogram (ECG) assessments at an outpatient clinic
or general practice at regular intervals [8]. Due to the
intermittent nature of AF, it can be challenging to detect this
arrhythmia during each short office visit [9].
The 12-lead ECG is essential for diagnosing and detecting
AF [10]. However, collecting electric conduction data from
all 12 leads is not always necessary for informing AF
treatment decisions [10]. Ambulatory ECG monitoring
devices such as Holter monitors utilising a small number of
classic ECG leads can be ordered for eligible patients for up
to 30 days [6]. However, the discomfort from wearing the
device and relatively high healthcare costs are two common
barriers to implementing this monitoring method [9].

There has been a significant advancement in information
technology in the past decade [11]. According to the
Australian Bureau of Statistics [12], 86% of Australian
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households have internet access, and 91% of them use
smartphones to access the internet. Furthermore, there has
also been increasing use of mobile health for chronic disease
management [11]. World Health Organization [13] defines
mobile health as a therapeutic practice supported by mobile
devices such as smartphones and mobile accessories.
Because of the reliance on ECGs for arrhythmia detection
and management, there has been a push to develop mobile
applications to provide on-demand rhythm monitoring [14].
Due to being user-friendly and cost-effective, mobile
applications with ECG monitoring functions are likely
suitable for on-demand rhythm monitoring for AF
management [15]. Multiple mobile applications with high
sensitivity and accuracy rates in AF rhythm analysis have
been developed and tested [15]. There are two ways to obtain
a single-lead ECG using a mobile application. First, Photo
Plethysmography (PPG) technology can detect the heart
rhythm by analysing skin colour and light absorption from
the tissue when the user places his or her finger over the
camera lens for up to 60 seconds [16]. The variation of light
intensity via transmission through or reflection from the
tissue provides information about the heart rhythm's rate,
strength, and regularity [16]. Second, a portable handheld
smartphone ECG recorder can obtain a single-lead ECG [1].
Mobile health applications with mathematical algorithms
can analyse the single-lead ECG and provide feedback to the
mobile user [16]. Some mobile applications can even
transmit the user's rhythm information to a medical centre for
the ECG to be reviewed by a specialist [17].

Despite the potential clinical benefits, there is a paucity
of studies that formally evaluate the impact of mobile health
applications with ECG monitoring for AF management. A
systematic review conducted by Lane, et al. [18] evaluated
the impact of mobile health applications on AF management.
However, the systematic review excluded mobile health
applications that support ECG monitoring of AF. This
literature review aims to provide an overview of emerging
evidence about the impact of mobile ECG monitoring on AF
management. It is essential to understand the scope, clinical
benefits and acceptability of the novel mobile ECG
monitoring technology before incorporating it into the AF
management plan. Thus, this review will analyse and
synthesise the evidence about the utilisation of mobile ECG
monitoring for AF management. It will also explore the key
concepts that underpin the research field of mobile ECG
monitoring for AF management and identify knowledge gaps
in mobile ECG monitoring for AF management and areas for
future research.

II. METHOD
The search strategy aimed to locate published studies
regarding the impact of mobile ECG monitoring on AF
management. Search terms were created from the research
question.
An initial limited search of PubMed was undertaken to
identify articles on the topic. Then, the text words in the titles
and abstracts of relevant articles and the index terms used to
describe the articles were analysed to identify more relevant

search terms. Keywords and index terms used in the search
strategy include "atrial fibrillation" AND "mhealth" OR
"mobile health" OR "mobile app" OR "mobile application"
OR smartphone OR mobile AND "electrocardiography",
"electrocardiogram" OR "ECG" OR "monitoring".

A secondary search using all identified keywords and
index terms was undertaken on July 26, 2021, across the
following databases: PubMed, CINAHL, EMBASE and
Google Scholar. In addition, the reference list of all included
sources of evidence was screened for additional studies.
Studies published since 2010 were included as smartphones
with ECG monitoring functions did not exist before 2010.
The two key concepts for this literature review were mobile
ECG monitoring and AF management. This review defines
mobile ECG as a single-lead ECG obtained by a mobile
application using PPG technology or smartphone
accessories. Studies were excluded if ECG was not collected
through PPG technology or smartphone accessories. For
example, studies investigating remote monitoring through an
implantable device, such as an implanted cardiac
defibrillator, were excluded. In addition, studies focused on
AF screening instead of AF detection and management were
excluded. Lastly, studies focused on mobile ECG technology
validation instead of disease management were also
excluded. Due to limited capacity for translation, only
studies written in English were considered.

FIGURE 1. Search results and study selection process

The context of this literature review was the globally
published peer-reviewed literature on the impact of mobile
ECG monitoring on AF management. This review
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considered experimental and quasi-experimental study
designs, including randomised controlled trials, non-
randomised controlled trials, before and after studies. In
addition, qualitative studies that focused on qualitative data
including, but not limited to, designs such as phenomenology
and qualitative description were considered.
From the search conducted on July 26, 2021, 324 citations
were identified, of which 57 duplicates were removed,
leaving 267 records. After screening titles and abstracts, 240
citations were excluded. In addition, full texts of six included
articles could not be retrieved. Hence, the full texts of 21
articles were reviewed for further eligibility, of which seven
papers met inclusion criteria. One additional study was
identified after searching the reference list of all eligible
studies. Therefore, the final data set comprised eight studies.
The search results are summarised in the PRISMA flow
diagram (FIGURE 1). While addressing the proposed
objectives of this review, common themes across the
included studies were analysed. A summary of common
themes is provided in TABLE I.

III. Results

A. HEALTH-RELATED QUALITY OF LIFE (HRQOL)
Two studies from the USA evaluated the effects of mobile
ECG monitoring on HRQoL among AF patients [19, 20].
Both studies used the Atrial Fibrillation Effect on Quality of
Life (AFEQT) to measure HRQoL. The AFEQT is a
validated tool to measure self-reported HRQoL in AF
patients by assessing 20 different components related to the
quality of life in AF patients [27]. Caceres, et al. [19] found
that the total AFEQT scores increased in both intervention
and control groups. However, intervention group
participants had higher scores in all components of AFEQT,
while control group participants only demonstrated
improvement in symptoms and daily activities [19]. These
findings were confirmed in the Guhl, et al. [20] study, which
suggested better total AFEQT scores among the intervention
group participants. However, although greater improvements

in AFEQT were observed in the intervention group, the
difference was not statistically significant between
intervention and control groups from both studies [19, 20].

B. DETECTING ATRIAL FIBRILLATION RECURRENCE
Three studies evaluated the effectiveness of mobile ECG
monitoring in detecting recurrent AF, of which one study
was a randomised control trial [21-23]. The randomised
control trial from Goldenthal, et al. [21] demonstrated that
mobile ECG monitoring was more effective in detecting
recurrent AF after ablation or cardioversion. AF recurrence
was detected in 50.4% of intervention group participants and
41.5% of control group participants [21]. Similar results
were seen in observational studies from Hermans, et al. [22]
and Tarakji, et al. [23], whereby participants were given both
Holter and mobile ECG monitoring simultaneously. In
Hermans, et al. [22] study, more recurrent AF episodes were
identified through mobile ECG monitoring than Holter
monitoring (25.2% vs 14.8%). Moreover, Tarakji, et al. [23]
demonstrated nearly 100% sensitivity of mobile ECG
monitoring in detecting AF. Furthermore, Goldenthal, et al.
[21] found that AF recurrence was identified earlier among
participants utilising mobile ECG monitoring. However,
both Goldenthal, et al. [21] and Hermans, et al. [22] found
that there was no difference in AF recurrence detection rate
among intervention and control groups after a certain period
(1 month in Goldenthal et al.'s vs 14 days in Hermans et al.'
s).

C. REHOSPITALISATION, MORBIDITY AND MORTALITY
Two studies evaluated the impact of mobile ECG monitoring
on hospitalisation [24, 25]. The randomised controlled trial
from Guo, et al. [24] demonstrated that the rehospitalisation
rate for participants using mHealth application with ECG
monitoring was much lower than participants receiving usual
care. The rehospitalisation rates for intervention and control
groups were 1.2% and 4.5%, respectively. Similarly, a
retrospective study from Aljuaid, et al. [25] observed a
significant reduction in outpatient and emergency

TABLE I.
Themes identified in eligible studies

Theme Supporting Studies Number

HRQoL Caceres, et al. [1]; Guhl, et al. [2] 2

Detecting AF Recurrence Goldenthal, et al. [3]; Hermans, et al. [4]; Tarakji, et al. [5]. 3

Rehospitalisation, Morbidity &
Mortality

Guo, et al. [6]; Aljuaid, et al. [7]. 2

Acceptability & Usability Guhl, et al. [2]; Hermans, et al. [4]; Tarakji, et al. [5] 3

Factors influencing patient
engagement

Reading, et al. [8] 1
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department visits among post-ablation patients using mobile
ECG monitoring compared with participants using
conventional ECG monitoring, such as a Holter monitor.
Furthermore, Guo, et al. [24] observed a significant
reduction in AF-related co-morbidity such as stroke and
heart failure in participants using mHealth application with
ECG monitoring compared with the usual care group (1.9%
vs 6.0%). However, although all-cause mortality was lower
in the intervention group, the difference was not statistically
significant [24].

D. ACCEPTABILITY & USABILITY
Three studies collected patient feedback regarding the
acceptability and usability of mobile ECG monitoring
through surveys and questionnaires during the final follow-
up [20, 22, 23]. Hermans, et al. [22] reported that more
participants gave mobile ECG monitoring a higher rating for
usability than Holter monitoring (65.6% vs 44.3%). This
finding aligned with Tarakji, et al.’s [23] result, which
indicated the majority of participants (92%) preferred mobile
ECG monitoring. Overall, all three studies reported that
participants found mobile applications with ECG monitoring
functions were easy to use [20, 22, 23].

E. FACTORS INFLUENCING PATIENT ENGAGEMENT
A qualitative study from Reading, et al. [26] explored the
factors that influence sustained patient engagement in using
mobile ECG monitoring. Reading, et al. [26] found that
patient characteristics and attitude could influence
engagement in using mobile ECG monitoring. Engaged
patients demonstrated resilience when self-monitoring AF
signs and symptoms. In contrast, unengaged patients became
easily discouraged by recurrent AF [26]. When encountering
technical issues, engaged patients attempted to troubleshoot.
Conversely, unengaged patients often felt frustrated and
gave up using mobile ECG monitoring [26]. Furthermore,
Reading, et al. [26] reported that the input from healthcare
providers was critical for promoting patient engagement.
Engaged patients reported adequate feedback and guidance
from their health providers, while most unengaged patients
reported feeling under-supported [26].

Surprisingly, age was not an identified barrier to using
mobile ECG monitoring. On the contrary, Reading, et al.
[26] reported that most patients felt confident using the
mobile application regardless of age. This finding was
confirmed by Hermans, et al. [22], who suggested a strong
correlation between older age and increased usage of mobile
ECG monitoring.

IV. DISCUSSION
The mAFA trial was the first randomised control trial to test
the effect of a mobile health application on HRQoL in AF
patients [28]. The study demonstrated significant
improvement in HRQoL in the intervention group. However,
the mobile application used in the study did not support on-
demand ECG monitoring [28]. Following the mAFA trial,
multiple studies have investigated the association between
mobile ECG monitoring and HRQoL in AF patients.

Health-related quality of life is a benchmark recognised by
international guidelines for AF management [29]. Guhl, et
al. [20] evaluated the effect of mobile ECG monitoring on
HRQoL among the general AF population, while Caceres, et
al. [19] focused on AF patients after catheter ablation and
cardioversion. Improved HRQoL among AF patients is
associated with undertaking antiarrhythmic medications or
procedures to restore normal sinus rhythm [30, 31]. This
explains why both intervention and control groups improved
AFEQT in both studies [19, 20].

The randomised control trials from Caceres, et al. [19]
and Guhl, et al. [20] did not demonstrate statistical
significance in improving AFEQT. Lost to follow-up was
reported in both studies, which potentially limited the
statistical power of these studies [19, 20]. In addition, these
studies only conducted baseline and end-of-study
assessments. Increased frequency of assessments throughout
a study may improve participant engagement [19]. Further
investigation is required in large cohorts of participants and
is powered to examine the effects of mobile ECG monitoring
on HRQoL in AF after ablation. In addition, strategies need
to be developed to reduce missing data in the research
methodology. Despite the lack of statistical significance,
both Caceres, et al. [19] and Guhl, et al. [20] studies
demonstrated more significant improvement of HRQoL in
AF patients who utilised mHealth applications with on-
demand ECG monitoring functions. Nonetheless, mobile
ECG monitoring has the potential to improve HRQoL in AF
patients by encouraging timely AF detection and treatment.
Barmano, et al. [32] found that recurrent AF is associated
with lower HRQoL due to increased AF burden. Mobile
ECG monitoring technology facilitates early detection of
recurrent AF and collects valuable ECG data to guide
treatment decisions. A recent systematic review from Wong,
et al. [33] demonstrated comparable diagnostic accuracy of
mobile ECG monitoring compared with traditional Holter
monitoring. Both Goldenthal, et al. [21] and Hermans, et al.
[22] demonstrated that long-term intermittent mobile ECG
monitoring had a better AF recurrence detection rate than
short-term continuous Holter monitoring. Interestingly, there
was no significant difference in AF recurrence detection rate
using different ECG monitoring methods after 30 days. This
finding aligns with the recommendation of up to 30 days of
external rhythm monitoring suggested by the Australian
Clinical Guidelines for the Diagnosis and Management of
Atrial Fibrillation [6]. Thirty days may represent a sufficient
monitoring period for AF patients who underwent ablation
or cardioversion.

Another potential benefit of implementing long-term
intermittent mobile ECG monitoring is engaging patients in
AF management [22]. Historically, AF management has
focused on the pharmacological interventions provided by
medical practitioners. However, there is emerging evidence
about the importance of a holistic care approach for
providing a patient-centred comprehensive treatment [29].
An integrated AF care model is a holistic AF management
approach, broadly defined as a structured healthcare pathway
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that implements guideline-adherent treatment through
multidisciplinary input [34]. Hendriks, et al. [35] suggest an
integrated care model for AF management should include
four components: (1) patient engagement; (2)
multidisciplinary approach; (3) use of technology; (4)
comprehensive care. Being the centre of integrated AF care,
patient engagement is critical. Utilising long-term
intermittent mobile ECG monitoring technology engages
and empowers patients to monitor their signs and symptoms
as part of the AF self-management initiative.

Recent studies have suggested the association between
post-ablation AF burden and rehospitalisation [36, 37].
Patients tend to have a higher AF burden during the
"blanking period" after ablation [38]. The "blanking period"
refers to the first three months after the ablation, when the
heart is healing. During this period, recurrence and
associated symptoms are common [38]. Mobile ECG
monitoring can potentially reduce AF burden through timely
recognition and treatment of recurrent AF. Most mHealth
mobile ECG monitoring interventions included in this view
allowed participants to receive remote feedback from a
healthcare provider regarding their ECG rhythm and
symptoms. As a result, the healthcare provider can assess the
patient remotely based on the transmitted ECG rhythm and
patient symptoms, facilitating early AF recurrence detection
and treatment modification. Furthermore, the healthcare
provider can also distinguish the symptoms caused by other
co-morbidities and provide the patient with relevant
healthcare advice to prevent unnecessary emergency
department visits [25].

Patient engagement in using mobile ECG monitoring is
multifaceted. Factors influencing patient engagement
include patient attitude, healthcare provider support, and
technology [39, 40]. The included experimental studies in
this review used a range of strategies such as regular text
messages and mobile application alerts to maintain patient
engagement. Further research is warranted to investigate
how to sustain patient engagement in using mobile ECG
monitoring for AF self-management.

Novel mobile ECG monitoring using PPG technology or
smartphone accessories offers an alternative rhythm
monitoring method with convenience at a low cost [41]. As
discussed above, mobile applications with ECG monitoring
functions can provide user-friendly on-demand rhythm
monitoring, facilitating the early detection of recurrent AF
post-ablation. As a result, incorporating the novel mobile
ECG monitoring technology in the guideline-adherent
integrated AF care model may reduce rehospitalisation,
improve HRQoL, and better patient clinical outcomes.
However, the potential benefit of mobile ECG monitoring is
limited to AF detection instead of AF diagnosis. According
to the Australian Clinical Guidelines for the Diagnosis and
Management of Atrial Fibrillation, a 12-lead ECG is required
for accurate diagnosis of AF [6].

Knowledge translation of research evidence into
healthcare practice is complex. It can be influenced by
multiple factors, including the quality of evidence, the

context of the healthcare system, and the views and beliefs
of healthcare professionals [42]. This review indicates
emerging evidence demonstrating the benefits of utilising
mobile ECG monitoring for post-ablation AF management.
In addition, most Australians are smartphone owners and can
become potential users of mobile health applications.
Furthermore, the government initiative of integrating
electronic healthcare records into the healthcare system
worldwide has led to the increasing use of digital health
interventions for chronic disease management [11].
However, this novel model of rhythm monitoring is
relatively foreign for many healthcare professionals.
Therefore, adequate education and facilitation regarding
mobile ECG monitoring need to be provided to healthcare
professionals who will implement this intervention in
clinical practice. This literature review would serve as an
excellent educational resource to facilitate the knowledge
translation of this novel rhythm monitoring technology for
AF management.

This literature review has limitations. Firstly, studies
included in this review had predominant white participants,
which means the findings from this review may not apply to
a culturally diverse population. Secondly, only studies
published in English were included. It is possible that some
relevant studies were missed.

V. CONCLUSION
This review provided an overview of emerging evidence
about the impact of mobile ECG monitoring on AF
management. The review analysed and synthesised the
emerging evidence about the utilisation of mobile ECG
monitoring for AF management. Key concepts that underpin
the research field of mobile ECG monitoring for AF
management were identified. Mobile ECG monitoring seems
to positively impact HRQoL, hospital readmission rates,
morbidity, and mortality in AF patients. Novel mobile ECG
monitoring using PPG technology or smartphone accessories
offers an alternative rhythm monitoring method with
convenience at a low cost. Further research is warranted to
investigate how best to sustain patient engagement in using
mobile ECG monitoring for AF self-management.
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