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Abstract
Atrial fibrillation (AF) may be underdiagnosed, and there is much that remains
unknown about this prevalent and potentially life-threatening arrhythmia. AF epidemiology has been thwarted in part by the fact that about a third of patients with
AF have no symptoms, those with symptoms may experience them intermittently or
have vague symptoms, and it can be challenging to capture an episode on a 12-lead
ECG, which is required for diagnosis. There are many significant knowledge gaps in
our understanding of AF etiology and progression. A new user-friendly device that
allows for frequent self-monitoring of the heart rhythm has been introduced. With
the thumb ECG, patients can record a tracing multiple times a day. A smartphone
app will soon allow them to interact with their healthcare providers about these
ECG recordings. An ECG parser will allow for an algorithm-directed, rapid, automatic interpretation of these recordings with high specificity and sensitivity. This
may help researchers learn more about the so-called silent AF, AF progression (and
possible remission), and risk factors for AF. This technology holds great promise for
patient care as well as for research into AF.
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1. Introduction
Atrial fibrillation (AF) is the most common sustained arrhythmia and
associated with a fivefold increased risk of stroke and a threefold increased risk
of heart failure; thus, AF is a major cause of cardiovascular morbidity [1–3].
The European Society of Cardiology (ESC) recognizes five main types of AF:
first diagnosed episode, paroxysmal, persistent, long-standing persistent, and
permanent [3] (see Table 1). It had long been thought that AF begets AF and
the arrhythmia followed a linear forward progression from short, infrequent,
self-terminating episodes to more persistent forms of AF, but that paradigm has
been challenged in that about 3% of patients seem to have paroxysmal AF that
never advances to more persistent forms [4]. It is now recognized that AF may
plateau, remit/relapse, and one patient can simultaneously have multiple types
of AF [5]. The ESC has also identified seven clinical types of AF, as the etiology
of AF may relate to any of multiple mechanisms (see Table 2). In addition to
types and categories of AF, the arrhythmia burden is frequently used as a metric
to describe the amount of time an individual spends in AF [6].

1

Cardiac Pacing and Monitoring - New Methods, Modern Devices

Types of AF

Definition

Treatments

First diagnosed

Newly identified AF of any type

Varies, depending on how severe the
AF is and if the patient is symptomatic

Paroxysmal

Sudden onset, self-terminating episodes
that typically last a few moments to as
long as 48 h; recurrent

Episodes terminate with or without
intervention; may be asymptomatic

Persistent

AF that lasts more than 7 days but can be
converted with medical intervention

Pharmacological or electrical
cardioversion

Long-standing
persistent

AF that lasts a year or more and for which
treatment is available

Catheter-based ablation, open ablation,
drug therapy

Permanent

AF that has lasted more than a year and
which is accepted by patient and medical
team

Rate control

These distinctions are based primarily on the duration of AF.

Table 1.
Main types of AF as set forth by the European Society of Cardiology [3].

Clinical type

Characteristics

Comments

AF secondary to
structural heart
disease

May occur in patients with left-ventricular
systolic or diastolic dysfunction or other
forms of structural heart disease

Treatment approaches vary;
anticoagulation therapy

Focal AF

AF paroxysms associated with localized
triggers, such as the pulmonary veins

Pulmonary vein ablation may
be considered; anticoagulation
therapy

Polygenic AF

Genetic, early onset

Much remains to be elucidated
about this type of AF;
anticoagulation therapy

Postoperative AF

Occurs following cardiac or other surgery
in patient without prior history of AF

This AF may remit on its own,
may persist or progress; treatment
varies

AF with atrial
remodeling

AF typically associated with mitral
stenosis and/or mitral valve surgery or
other forms of valvular disease

Atria remodel in response
to arrhythmic burden;
anticoagulation therapy

Athlete’s AF

AF, often paroxysmal, that occurs during
intense athletic training

Appears to be related to intensity
of exertion

Monogenic AF

Associated the cardiomyopathy and
channelopathy

Anticoagulation therapy

Therapeutic interventions, when appropriate, are typically grouped as those involved rate control (allowing AF to
continue but preventing a rapid ventricular response) or rhythm control (converting to sinus rhythm when possible).

Table 2.
Clinical types of AF as defined by the European Society of Cardiology [3].

Despite the vast healthcare resources required to manage AF, little epidemiological research has been conducted for this arrhythmia. AF can be an elusive arrhythmia and short episodes can be difficult to capture on conventional ECGs. New
technological innovations, including the thumb ECG, may offer tools to help better
understand this arrhythmia. The thumb ECG opens up new technological abilities
to benefit patients and individual cases of AF as well as to benefit research to better
understand the epidemiology and natural history of AF in real-world populations.
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2. The challenge of AF epidemiology studies
The classic diagnostic assessments of AF require that documentation of the
arrhythmia on a 12-lead ECG. An irregular pulse may cause a clinician to suspect AF,
but the ECG is considered necessary for a diagnosis [7]. AF is characterized by irregular R-R intervals without discernible P-waves (except when the patient has concomitant atrioventricular third-degree block). About a third of all individuals with AF
are asymptomatic, with silent AF or subclinical AF [8]. Even when symptoms occur,
they may be infrequent or diffuse. Historically, early efforts to quantify the incidence
and prevalence of AF and to better understand its potential relationship to stroke,
heart failure, and other conditions were hampered by the limitations of standard ECG
technology, the episodic nature of AF, and the large proportion of patients who had
vague or no symptoms. Unfortunately, the first manifestation of AF may be stroke.
Recording AF on a standard 12-lead ECG assumes both that the clinician
suspects that the patient has AF and that the AF will occur during the ECG recording. ECG monitoring is too elaborate and expensive for use in routine population
testing, such as for epidemiological studies. Continuous ECG monitoring can be
obtained in individual patients by a wearable Holter monitor, but such systems
are cumbersome to patients and generate vast quantities of tracings that can be
a burden to analyze. Holter monitors are typically used for 24 h or for a specific
number of days, such as 7 days. Event recorders may also be used. The advent of
diagnostic counters in cardiac implantable electronic devices (CIEDs) allowed
physicians to monitor device-detected arrhythmias, including AF. CIED monitoring
offered the advantage of beat-by-beat analysis. Clinicians could program a cutoff
rate for high rate events on the atrial channels, usually in the lower range of 170–220
beats per minute. This led to a shift in terminology in that these devices obtained
date on atrial high-rate episodes (AHRE), which included ectopic atrial tachycardia,
atrial flutter, as well as AF. Current dual-chamber CIEDs offer mode-switching
algorithms, which can essentially turn off ventricular tracking during episodes
of AHRE. Mode-switching algorithms in conventional pacemakers can identify
AHRE with 98% sensitivity and 100% specificity [9]. The value of this beat-bybeat monitoring first emerged in the Mode Selection Trial (MOST) in which 313
patients (median age 74 years) with pacemakers to treat sinus node dysfunction
were followed for 27 months, during which their pacemakers recorded AHRE when
atrial activity occurred at a rate > 220 beats per minute for more than 5 minutes
[10]. More than half (51.3%) had AHRE, which in turn could be associated with
elevated morbidity (stroke, permanent AF) and mortality [10]. The asymptomatic
atrial fibrillation and stroke evaluation in pacemaker patients and atrial fibrillation
reduction atrial pacing trial (ASSERT study) evaluated 2580 patients over age 65
with hypertension but without a history of AF who had a pacemaker or ICD with
an atrial lead. In the first 3 months of follow-up, 10.1% of patients had documented
subclinical AF lasting over 6 min; at 2.5 years, subclinical AF occurred at least once
in 34.7% of patients. The patients with subclinical AF had a 2.49-fold increased risk
of stroke compared to patients who did not have subclinical AF, irrespective of any
other atrial arrhythmias [11]. In a study of 356 pacemaker patients with continuous atrial-channel monitoring, 88.2% had paroxysmal AF and 50.3% had at least
one episode of persistent AF [12]. A study of 678 pacemaker patients (411 without
AF and 267 with known AF) were followed over 38 months, and it was found that
30% of those with no history of prior AF had silent AF [13]. Of course, the patient
populations for these studies were limited to those with specific device indications
(and in some cases other inclusion criteria), and therefore, these findings are not
generalizable to the population as a whole.
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As might be intuitively expected, the accuracy of AHRE detection improves with
more continuous monitoring [14]. The high prevalence of AHREs detected by device
diagnostics gave rise to the implantable loop recorder (ILR). The ILR relies on a detection algorithm to identify AF typically based on R-R interval stability as evidenced by
consecutive QRS complexes. AF detection algorithms in ILRs are undergoing refinement and may change in the future to improve specificity and sensitivity. As with a
CIED, an ILR would be implanted only in patients who are suspected of having AF or
other arrhythmias. The TRENDS study was an observational trial (n = 2486), which
followed patients with an ILR for a mean of 1.4 years and analyzed them for atrial tachycardia and AF burden and thromboembolic events and found 45% of patients with no
prior history of AF (n = 1988) had subclinical episodes of atrial tachycardia [15].
The incidence and prevalence of AF may be vastly underestimated because there
was until recently no reliable and accurate way to monitor patients who were not at
specific risk for AF or who did not have a device or ILR indication. In other words,
till now, AF data were gathered mainly from people with or at an elevated risk for
arrhythmias. Epidemiological information on AF progression (from paroxysmal
to persistent and permanent), risk factors for AF, and AF associations remain to be
elucidated. Statistical analyses and meta-analyses have allowed certain risk factors for
AF to emerge, such as hypertension, heart failure, coronary artery disease, valvular
disease, diabetes mellitus, obesity, and chronic renal failure [16–18] as well as risk
factors for AF progression, including older age and hypertension [19]. The thumb
ECG offers an excellent opportunity to gather real-world data on AF from general and
specific populations. Some important questions about AF remain to be elucidated:
• What is the actual incidence and prevalence of AF in the general population?
• Are there specific subpopulations with a higher prevalence of AF, for example,
patients with diabetes, myocardial infarction, and cancer patients?
• What is the association between silent AF and stroke, for example, how many
patients with silent AF are needed to have one patient suffer a stroke?
• What is the trajectory of AF—does it always progress? Can we define its course
in clinically meaningful ways?
• Can patients with a low AF burden plateau for a long period of time at that level
or does AF typically advance to increase the AF burden?
• What can be known about the population who has more than one type of AF at
the same time (for example, both paroxysmal and persistent long-standing AF)?
Do multiple types of concurrent AF confer worse morbidity and mortality?
• Can we better identify risk factors for AF?
In addition to these questions, it would be important to be able to better evaluate
treatment strategies for AF by monitoring patients following drug therapy, ablation, or other procedures.

3. The thumb ECG
The thumb ECG is a small-format, patient-friendly device that lay persons can
use to monitor their heart rhythm. After reading the instructions or a brief training,
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individuals can use the thumb ECG on their own quickly and conveniently many
times over the course of a day. The thumb ECG is a miniaturized and digital descendant of the original ECG technology that was available around 1900. Patients can
monitor their heart rhythm by pressing the device to the chest or by placing their
thumbs on pads at the top of the device for a reading (see Figure 1). Several thumb
ECG devices are available, and it is likely more are in development. Among them, the
Coala Heart Monitor™ has been approved for use in Europe to individual patients
in 2016 as a Class IIa medical device and to professional organizations in 2017. The
device is connected to a cloud-based service to which users subscribe. When information is uploaded from the thumb ECG to the cloud, it is automatically analyzed for
AF or other arrhythmias using proprietary algorithms. Devices are available for use
by multiple patients at a clinic but may also be purchased direct-to-consumer (the
Coala Heart Monitor Pro™ and the Coala Heart Monitor™, respectively). The Coala
device is connected via wireless Bluetooth connectivity to a smartphone for use with
a proprietary Coala app. In this way, the thumb ECG dispenses with chest electrodes
or other adhesive patches. An ECG may take up to 60 s.
The patient can view the individual ECG recordings and results from automated
analysis directly on their smartphone app. Messages from the clinic to the patient
can also be viewed directly on the app for feedback. ECG recordings can also
be stored or printed by the patient to keep on hand for their next appointment.
Patients can also add a special heart report service to their smartphone to discuss
their ECG recordings with trained nurses for recommended actions. In this way,
one centralized and highly specialized healthcare function may provide first-line
primary cardiac healthcare coverage for a large and geographically spread-out
population.
Clinicians monitor the results from their patients’ thumb ECG devices by accessing a secure portal via an ordinary laptop computer. The proprietary algorithms for
ECG analysis are based on the ECG Parser, an algorithm system. The ECG Parser
identifies specific beats and patterns of beats and groups them into classes by

Figure 1.
The Coala Heart Monitor™. Device sensors detect the heart rhythm when the device is placed on the chest or
when the device is grasped with the thumbs on top of the two sensors on the device. Drawing: Courtesy of Todd
Cooper.
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Category

Description

Does this indicate AF?

0

Poor quality

No

1

Normal

No

2

Atrial fibrillation

Yes

3

Pause/AV block II

No

4

Fast, regular

No

5

Long-short sequences

No

6

Bigeminy

No

7

Trigeminy

No

8

More than 5 supraventricular extrasystoles

No

9

More than 5 ventricular extrasystoles

No

10

Irregular rhythm with P-waves

No

Table 3.
The Coala Heart Monitor™ system is based on an ECG parser with a proprietary and algorithmic system to
help categorize arrhythmias automatically (Category 2 events indicate AF based on R-R interval dispersion
and the absence of P-waves).

morphology; using the sequence of beats, the algorithm applies markers to ranges,
measures intervals based on averaged beats, and then categorizes each signal or
signal segment into one of the 12 different categories to facilitate their use in large
databases (see Table 3).

4. The role of the thumb ECG in AF research
The ability to easily and inexpensively obtain ECG data has opened up new
avenues to advance research into AF and other arrhythmias.
4.1 The role of premature atrial contractions and premature ventricular
contractions in arrhythmogenesis
It has long been suspected that premature atrial contractions (PACs) and
premature ventricular contractions (PVCs) may be associated with arrhythmias.
However, since PACs and PVCs typically occur without warning and as isolated
events, there has been no way to obtain appropriate data to investigate this question without generating an overwhelming volume of tracings. A study published in
2012 attempted to explore the relationship of PACs and PVCS to AF by evaluating
428 patients without structural heart disease and with no history of AF using 24-h
Holter monitoring [20]. This study found that frequent PACs were indeed significant predictors of AF (p < 0.001). However, the study required patients to wear
Holter monitors and the investigators had to analyze hundreds of hours of ECGs.
A similar study was undertaken using thumb ECG technology that could analyze
40,000 measurements over a span of 500 days. This second study was able to
likewise confirm that frequent PACs were indeed highly significant predictors of AF
(p < 0.001) [21] (see Figure 2).
Furthermore, with thumb ECG technology, it was relatively straightforward
to confirm that the rate of VES and SVES events increased as AF developed [21]
(see Figure 3).
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Figure 2.
The incidence rates for development of AF based on number of ventricular extrasystoles (VES) and
supraventricular extrasystoles (SVES). Chart: Courtesy of Coala Life.

Figure 3.
As patients developed AF, the incidence of both ventricular extrasystoles and supraventricular extrasystoles
increased sharply. Chart: Courtesy of Coala Life.

4.2 The real-world incidence and prevalence of AF
The StrokeStop I study was aimed at evaluating the risk of stroke in people
with untreated AF. To accomplish the study, systematic ECG screenings would
be needed from over 7000 patients. A thumb ECG system was used to obtain
intermittent ECG recordings, which were then analyzed using a proprietary ECG
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parser system. In the group of patients aged 75 or 76 years, AF prevalence was
found to be 12.3% [22]. This differs markedly from medical records, which found
that in that particular patient group, 9.3% had a prior diagnosis of AF. Thus,
thumb ECG with the ECG parser technology was able to confirm a much higher
AF prevalence than was previously determined. This suggests that the actual
incidence and prevalence of real-world AF may be substantially underestimated,
which has implications for public health and the healthcare system as well as for
individual patients.
In the ongoing Study of Men Born in 1943, thumb ECGs were introduced in
2014 to help assess AF prevalence. After eliminating patients who had died,
declined to participate, were lost to follow-up, or had known permanent AF,
patients were evaluated twice daily by thumb ECG (n = 479). The thumb ECG in
this study was able to diagnose a previously silent form of AF in 1.8% of patients
(n = 8), and it found the overall prevalence of AF was 3.1% (95% confidence
interval [CI], 1.83 to 4.98), but for men over the age of 71, the prevalence of
paroxysmal AF was 9.9% [23].
In a study of 1510 patients aged 65 with risk factors for stroke, the use of thumb
ECGs over a two-week period found undiagnosed AF in 0.9% of the population,
which worked out for a total AF prevalence in the study group of 7.6% [24].

5. Thumb ECGs versus other types of monitoring
Ambulatory assessment using Holter monitors was previously the main
way in which patients with suspected AF (and no implantable device) could
allow the arrhythmia to go on the record for diagnosis. Holter monitors record
ECGs from the patient around the clock and are typically set up to provide
either 24 h or 7 days of data. Holter monitoring became the gold standard
for arrhythmia analysis but had certain drawbacks: ambulatory monitoring
utilizes a wearable technology that patients may find cumbersome, clumsy,
and uncomfortable. Holter monitoring produces huge quantities of tracings to
be analyzed. In a 7-day Holter monitoring program, each patient would yield
168 h of ECG tracings (over 10,000 min per patient) and even with automated
systems, this represented considerable time and effort to analyze. Furthermore,
in 168 h of ECG tracings, it was possible that only very short runs of AF
would appear—for example, there might be 10 or 20 min of AF somewhere in
10,000 min of data.
Subclinical device-detected AF is defined as an AHRE (>190 beats/min for
>6 min and <24 h) with lack of prior diagnosis and correlated symptoms in patients
with devices that can produce continuous ECG monitoring [25]. Continuous ECG
monitoring has been shown to increase the number of undiagnosed episodes of AF,
especially in those with prior bouts of ischemia [26]. In fact, thumb (or handheld)
ECGs have been shown to be significantly more sensitive in the detection of silent
AF compared to conventional 24-h Holter ECGs [27, 28].
In order to determine whether Holter monitors offered comparable efficacy
to thumb ECGs, a study of 95 patients (≥65 years) was initiated. Patients were
excluded if they had a history of AF. All patients were monitored for 5 days using a
Holter monitor and concurrently with a thumb ECG twice daily. Patients continued
using the thumb ECG for 30 days. Paroxysmal AF was detected in 20 patients using
the thumb ECG, in 17 patients using the Holter monitor, and by both systems in
10 patients [29]. The detection rates between the two methods did not differ in a
statistically significant way (p = 0.63).
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In a study of 108 consecutive patients with ambiguous symptoms of dizziness
and heart palpitations, patients were monitored using a Holter monitor for 24 h and
then twice daily using a thumb ECG for 28 days. The mean age of patients in this
study was 54.1 years. In this study, the thumb ECG was significantly more effective
over 4 weeks at identifying AF and paroxysmal supraventricular tachycardia than
the Holter monitor [30].
In a study presented at the Cardiovascular Spring Meeting in Stockholm in
April 2018, researchers took 1000 consecutive, anonymous printouts of waveforms captured from the chest and thumbs using the Coala Heart Monitor™
system. No exclusions were allowed. Each printout consisted of three 10-s tracings
recorded at 25 mm/s. Algorithm analysis notation and patient information (except
patient sex and age by 10-year groups) were removed from the strips. However,
heart rate, R-R median values, and user-provided annotations were allowed.
All strips came from real-world patients using the Coala monitor; subjects were
given no special device training. All strips were then sent to a trained cardiologist
who interpreted each one manually and then compared his interpretation to the
automatic analysis offered by the Coala device. One cardiologist interpreted all
of the rhythm strips. When comparing these 1000 real-world ECGs to the Coala
algorithm’s interpretation, it was found that the Coala was highly accurate with
97% sensitivity and 95% specificity. The estimated prevalence of AF from these
recordings was 14.4% [31, 32].
In the StrokeStop I study, 80,149 tracings were recorded using the Zenicor™
thumb ECG system; tracings were obtained from 3209 patients aged 75 or 76 years.
It was found to offer 98% sensitivity and 88% specificity, and the use of thumb
ECG technology combined with an ECG parser reduced the workload in analyzing
data by over 85% [22].
In a study of 100 patients with AF, a 12-lead ECG recording was followed by
a thumb ECG assessment with the results compared by a blinded investigator.
When the 12-lead ECG was compared to the thumb ECG, the thumb ECG had a
sensitivity of 96% and a specificity of 92% versus the 12-lead ECG. As part of the
same study, a second group of patients (n = 12) underwent effective cardioversion for AF and then used a thumb ECG to assess their rhythms twice a day for
the next 30 days. In this group, 95% of cardioverted patients had tracings from
the thumb ECG considered to be of sufficient quality for clinical diagnosis. A
third group (n = 606) was screened for AF using the thumb ECG. Twelve people
in this group were diagnosed with AF of whom six had no history of AF and no
symptoms [33].

6. Questions about silent AF
One of the primary reasons to suspect that AF incidence and prevalence is
underestimated is the fact that as much as 40% of AF may be asymptomatic [34, 35].
Clinically silent AF may occur with paroxysmal AF, persistent long-standing AF, or
permanent AF [36]. Asymptomatic AF is not benign; data from the EORP-AF study
found that asymptomatic AF conferred on patients a higher 1-year mortality risk than
symptomatic AF [35] although the AFFIRM study found no such difference between
symptomatic and asymptomatic AF patients [37]. Early and accurate diagnosis of AF
may help reduce the burden of AF on the healthcare system and may allow interventions to reduce morbidity and mortality associated with AF.
The classic AF symptoms may include any or a combination of the following:
heart palpitations, sensations of a racing or pounding heart, dyspnea, chest pain or
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discomfort, fatigue, lethargy, dizziness, malaise, anxiety, and syncope. Symptoms
are thought to be caused primarily by rapid ventricular response to AF rather than
by the atrial arrhythmia itself. It is thought that rapid ventricular activity, irregular
rhythms, and the loss of the atrial contribution to ventricular filling might all
contribute to reduced cardiac output, exacerbation of left-ventricular dysfunction,
cardiac remodeling, and a general deterioration of overall health [36]. In addition
to asymptomatic paroxysmal AF, some cases of AF may go unnoticed by patients
because the AF episodes are brief and interspersed between long periods of normal
sinus rhythm and symptoms may be very mild, diffuse, or overlooked by patients.
Silent AF is typically an incidental diagnosis, which may occur during routine
examinations or tests for other conditions.
The mechanical effects on the heart caused by fibrillating atria as well as the
electrophysiological and neurological consequences of AF appear to be the same
whether AF is clinically silent or symptomatic. Silent AF, like its symptomatic
counterpart, is associated with silent or symptomatic emboli, heart failure, morbidity, and mortality [38].
Risk factors for silent AF include patients with cryptogenic stroke, hypertension,
advanced age, obesity, diabetes mellitus, cigarette smoking, chronic kidney disease,
or a history of cardiac disease [7, 35, 39–42]. Blood group type 0 appears to confer a
protective effect against thromboembolism in persons with AF for reasons that remain
unclear, but which may be associated with circulating von Willebrand factor levels [43].

7. Anticoagulation therapy
AF has been clearly associated with the catastrophic complications of thromboembolism and cerebral stroke, but the association between AHRE and thromboembolism/stroke is not well defined [44]. The thumb ECG, like CIEDs, can detect
AHRE but it remains an open question as to whether and under what circumstances
anticoagulation therapy is appropriate for patients with documented AHRE. AHRE is
defined by two parameters: the atrial rate and the duration of the episode. However, it
remains unclear as to how fast or how long an episode of AHRE must be to represent
a risk of thromboembolism or stroke [45]. Thus, it remains to be elucidated at which
point a patient with AHRE might benefit from anticoagulation therapy.
According to the ASSERT and TRENDS studies, the association between the
formation of a thromboembolism and AHRE is challenged by the lack of a temporal
relation between the two events [46, 47]. The current data are contradictory. In the
ASSERT study, tachyarrhythmic episodes ≥6 min in duration have led to a higher
embolic risk [11]. However, in the TRENDS study, tachyarrhythmic episodes ≤5.5 h
were not associated with an increased thromboembolic risk [15].
With much to be elucidated about the potential role of anticoagulation therapy
for patients with AHRE, thumb ECGs may play an important role. These devices
may help uncover more about AHRE and its relationship to AF as well as its association to adverse events. A more refined understanding of the temporal relationship
between AF and its comorbidities will help to create more effective anticoagulation
therapies and better outcomes.

8. Knowledge gaps about AF
The incidence and prevalence of AF may correlate with gender, age, comorbidities
(such as heart failure, atherosclerosis, hypertension, diabetes mellitus, and others),
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and possibly other variables. The natural course of AF, once thought to be the linear
progression from paroxysmal to persistent to permanent, remains to be elucidated
and appears to be more fluid than originally thought, even allowing for remission and
relapsing. While the association between AF and stroke is clear and ominous, it is not
known if this risk is greater, lesser, or the same for symptomatic versus asymptomatic
AF or different types or clinical presentations of AF. A meta-analysis of data on AF
showed that while men generally had a higher incidence of AF than women, women
and, in particular elderly women, were at a greater risk than men for stroke and
thromboembolism associated with AF [48–50]. Whether or not AF in the elderly and
oldest old populations is associated with more or more severe symptoms also remains
unknown. Greater understanding of these matters could result in better, more
targeted, and more effective clinical approaches and treatment.
It has been observed that patients implanted with CIEDs may experience brief,
clinically silent episodes of paroxysmal AF when the device is initially implanted.
The Automatic Interpretation for Diagnosis Assistance (AIDA) study found that
half (50.6%) of patients with de novo pacemaker implantations experienced atrial
arrhythmias in the first month following implant and these episodes were often
asymptomatic [51]. In a study of 213 dual-chamber pacemaker patients, all of them
had experienced at least one atrial arrhythmia at 3 years following implant [52].
This area has not been studied extensively and it is not known if this is clinically
important or might resolve with time [53].
Other knowledge gaps occur in the treatment of AF and how patients respond.
It has been suggested that pharmacological suppression of AF may simply convert
symptomatic AF into clinically silent AF, but there is not much data to support or
refute this notion. While it is known that AF incidence and prevalence increases
with age, it is not clear whether geriatric patients are more likely to have symptomatic or asymptomatic AF, nor has it been fully elucidated whether certain types of
AF (such as permanent or persistent long-standing AF) occur more often in elderly
patients.
AF is thought to be more prevalent in industrialized nations compared to developing countries but this has not been extensively studied [54].
Thumb ECG studies can provide robust data to help answer these questions
by allowing the inexpensive and straightforward acquisition of large amounts of
ECG data annotated with patient-reported symptoms from selected populations
and, together with algorithms to analyze the data, provide for fast and accurate
interpretation of that data. The advent of thumb ECG technology will empower
medical science and the healthcare system to obtain vital information crucial to
the early and accurate diagnosis of AF, particularly paroxysmal and clinically
silent AF.
Thumb ECG data may help better guide anticoagulation therapy.
Anticoagulation therapy is frequently prescribed for AF patients. In CIED
patients with diagnostic data revealing atrial high-rate activity, it is not clear
despite this documentation whether patients would benefit from anticoagulation
therapy [38].
The populations affected by AF are diverse and include patients with valvular
disease, malignancy, inflammation, atherosclerotic coronary artery disease, plus
those with genetic forms of AF, postoperative patients, patients following ablations,
CIED patients, along with patients who are geriatric, obese, or who have heart failure and/or hypertension. These populations are diverse, some overlap considerably,
and cross the lines between medical disciplines [40]. These factors contribute to
the confusion that makes it hard to better quantify AF. A number of open questions
remain and a high-level summary appears in Table 4.
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Question

Obstacles

Comments

Which patient
populations are at
greatest risk from AF?

May require some kind of diagnostic
algorithm to account for comorbidities; need
to find definition of risk (risk of AF, stroke,
mortality).

Likewise, an important
unanswered question is which
populations are at lowest risk?
Why?

Can patients use thumb
ECG technology to
self-monitor and/or
collect data?

Requires study parameters to be set up.

May be most helpful means
to get more accurate and
comprehensive AF data.

What is the normal
trajectory of AF?

Requires more data, also it is not clear if
the natural course of AF might vary by
population (for instance, it might be different
in older than younger patients, or in men
versus women).

The old paradigm that AF
begets AF may not be true or
may be only partially accurate.

Are some types of AF
associated with greater
morbidity and mortality
than others?

Requires more data and possibly
stratification.

This question could lead to
more individualized treatment
courses.

Can we reach a
consensus definition for
AF burden?

This is a relatively new term that is typically
well understood but imperfectly quantified;
need consensus definition.

It is not clear if and in what
ways AF burden may relate
to AF risks/outcomes. Once
it is defined, it can be more
efficiently studied.

Is silent AF always
without symptoms?

Evidence that quality of life decreases in
patients even with asymptomatic AF suggests
that AF is almost always symptomatic but not
all symptoms are recognized.

Better diagnostic tools are
needed to identify silent AF
and then to measure quality
of life.

What is actual incidence
and prevalence of AF?

Correlations with clinical presentation, type,
history, duration, and patient characteristics
may be helpful but challenging to obtain.

Will allow for more effective
and individually targeted
treatments.

Table 4.
Key questions about AF that may be a good research topic with thumb ECG technology [40].

9. The AF burden and thumb ECG technology
In an effort to better grapple with the global effects of AF on a patient, the AF
burden is often used to better describe the arrhythmia and its consequences. The
AF burden may be defined as how much time the patient spends in AF per unit of
time (such as what proportion of 1 day or 1 week) [6]. AF burden lacks a universally
recognized consensus definition, has not been extensively validated as a measure,
and is not often used when evaluating AF cases in terms of severity or risk. It is not
known if a high AF burden exacerbates risk factors for stroke. It is strongly suspected that the AF burden is generally underestimated because of asymptomatic AF
and the fact that conventional technologies have been used to assess the incidence
and prevalence of AF [38]. A consensus definition would be helpful and would
facilitate meaningful efforts to study how the AF burden affects the course of the
arrhythmia, treatment options, and related morbidity and mortality.

10. An integrated approach to care for AF patients using thumb ECG
technology
A knowledge deficit about AF may be observed even in patients provided specific, patient-focused oral, and/or written educational tools [55, 56]. Individualized,
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educational interventions for AF have been proposed in order to address specific
patient needs, for example, types of AF treatment, recommended lifestyle modifications, possible self-management tools, and drug therapy [57]. Thumb ECG
technology may soon emerge as an important element in the care of AF patients.
Patients who are considered appropriate candidates to monitor their hearts using a
thumb ECG device should be given specific training on the use of the device; such
training would likely be brief as these devices are designed to be easy to use for laypeople. The regular use of a thumb ECG can assist patients in arrhythmia detection
and diagnosis as well as monitoring the course of treatment. The integration of the
thumb ECG into AF patient care may empower the patient and be a cornerstone of a
shared decision-making paradigm, in the event that multiple treatment options are
considered. It is known that patient education, shared accountability, and individual empowerment drive improved adherence [58]. The use of a thumb ECG may
also be helpful in linking AF episodes to specific symptoms [3]. Furthermore, the
thumb ECG may reveal subclinical AF and may help better delineate the progression of AF over time.
AF is so pervasive and crosses so many disciplinary boundaries that a multidisciplinary approach to care is warranted, bringing together several healthcare
disciplines, i.e., general practitioners, cardiologists, surgeons, and allied health
professionals along with nonspecialists who may advise on diet, lifestyle modifications, physical and occupational therapy, and stroke prevention tactics. Moreover,
patients with newly diagnosed AF may benefit from a comprehensive cardiovascular evaluation, including transthoracic echocardiography, as they are at risk for
other cardiovascular conditions [59, 60].
AF treatment typically involves anticoagulation therapy (initiated early in
appropriate patients), lifestyle modifications, and appropriate interventions, which
could include the use of antiarrhythmic agents or other pharmacological treatments, catheter-based interventions, or surgical procedures (ablation, left-atrial
appendage occluders, etc.) [3]. Growing understanding of how altered calcium
homeostasis, atrial fibrosis, ion-channel dysfunction, autonomic imbalance, and
oxidative stress may contribute to AF combined with new knowledge about the
genetic underpinnings of arrhythmias should all be taken into account when structuring AF care programs [61]. As an example, pulmonary vein ablation has been
recommended for some types of AF but would not benefit all AF patients. However,
all AF patients are likely to benefit from regular, consistent, systematic care including routine follow-up visits, monitoring overall physical condition, arrhythmia
assessments, pharmacological adjustments as needed, and assessments and encouragement to promote treatment adherence. Thumb ECG monitoring would be an
integral part of that care paradigm.
AF care can be defined by three broad domains: stroke prevention (anticoagulation
therapy), rate control (mainly aimed at symptomatic improvement), and rhythm control (arrhythmia conversion). Pharmacological therapy can be an important element of
AF care and varies based on the individual characteristics of the patient (age, target for
treatment, comorbidities, symptoms, symptom severity, left-ventricular ejection fraction, hemodynamics, other drugs the patient may be taking, and so on). Acute rhythm
control can be achieved pharmacologically in up to half of all patients diagnosed
with recent-onset AF by using antiarrhythmic agents. Antiarrhythmic drug therapy
should be guided first by safety rather than effectiveness, and treatment goals should
be established that seek symptomatic improvement with the foreknowledge that side
effects with these drugs are common [3]. Dose reduction of antiarrhythmic agents may
be needed for geriatric patients in that metabolism and the heart’s electrical system slow
down with increasing age [62]. Above all, it should be noted that many antiarrhythmic
agents have seemingly paradoxical pro-arrhythmic effects. This requires regular ECG
13

Cardiac Pacing and Monitoring - New Methods, Modern Devices

monitoring to protect patients against the onset of a new drug-induced arrhythmia [63].
While there are to date no studies on the role of thumb ECG technology in this setting,
it makes intuitive sense that a thumb ECG may be useful for patients on antiarrhythmic
drug therapy.

11. Future directions
The usefulness of the Coala Heart Monitor™ needs further validation with
regard to specific patient groups. Currently, the TEASE study is evaluating patients
with cryptogenic stroke for 28 days using the Coala Heart Monitor™ [64]. The
rationale for prolonged monitoring in this population is warranted in order to determine if anticoagulation is indicated. Furthermore, the Red Heart Study is an initiative using the Coala Heart Monitor™ exclusively among women with suspected AF
or other arrhythmias [65].
While the thumb ECG has already proven its value as a tool for finding and
following the progression of AF and other arrhythmias, it is beyond the functionality of this device to assess structural heart changes or impaired left-ventricular
function. However, some thumb ECG devices already on the market, such as the
Coala Heart Monitor™, have the capacity to record simultaneously both chest
ECG and heart sounds through an electronic stethoscope membrane. This allows
derivation of acoustic cardiographic parameters such as systolic time intervals (STI)
along with the presence and intensity of S3 and S4 heart sounds. The use of STI
has historically proven to be a highly sensitive method of assessment of changes in
left-ventricular function, albeit with inconclusive findings as a diagnostic tool for
differential diagnosis [66, 67].
The use of acoustic cardiographic parameters derived from repeated patientengaged recordings performed in the home environment may, in this way,
characterize and track changes in left-ventricular function at low cost and low
burden to the healthcare system. Such indicative parameters of change in cardiac
function may fully utilize the individualized data collected from many recordings
over a period of time as a baseline rather than population-derived and regressioncorrected baseline data for improved sensitivity and accuracy.
In the future, the automatic algorithm-driven detection and reporting of sudden deviations in the patient’s heart rhythm may help reduce the human workload
without compromising care, in that the healthcare provider at the clinic can
be notified quickly about these deviations and take appropriate action, such as
changing medications. It is plausible that this could all happen before the patient
experiences any symptoms. In this way, small, highly specialized healthcare
centers may provide first-line cardiac primary healthcare coverage with respect
to AF or AF with left-ventricular dysfunction (e.g., decompensated heart failure)
for a large and geographically widespread patient population. These centers
would be centralized in terms of their function, but not necessarily geographically centralized.
Centralized data processing, ultimately with data from possibly millions of
recordings, may provide for high detection accuracy and is an ideal application for
machine learning or artificial intelligence, which could utilize pattern-recognition
algorithms on these datasets to provide an early indication of any characteristic
pathological developments, which can then be confirmed or ruled out in a traditional healthcare setting using conventional techniques and modalities. Continuous
patient feedback through the smartphone, potentially even using gamification to
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create a game-type application, may improve patient engagement and adherence
to proposed lifestyle or dietary changes and pharmacological compliance. This
platform may also be an ideal tool for running very large cost-effective clinical studies, in that data collection can take place using the thumb ECG. Patients can use the
device and the smartphone app in the privacy of their own homes to track their own
results and monitor symptoms. This could likely be done at a very low cost with
few technical or logistical barriers. While visionary in concept, such a system may
provide a unique solution for improved patient outcomes through early intervention
and close follow-up of treatment with potential (and substantial) reductions in cost
and resource utilization to the healthcare system.

12. Conclusions
AF is a prevalent arrhythmia that poses a significant burden on the healthcare
system, but it is under-diagnosed in that it can be challenging to capture the
arrhythmia on a 12-lead ECG (required for diagnosis), and up to a third of patients
are asymptomatic. The thumb ECG offers an innovative, user-friendly approach to
consistent cardiac self-monitoring that may provide new insights into the incidence
and prevalence of AF. The use of pattern-recognition algorithms, artificial intelligence, and smartphone apps may allow the thumb ECG both to facilitate care for
cardiac patients in the future and to make large studies of arrhythmias more cost
effective.

Conflict of interest
MS is employed by Coala Life AB, Stockholm, Sweden. The other authors have
no conflict of interests.

Thanks
We acknowledge Todd Cooper for Figure 1 and Mattias Jönsson for providing
the charts.

15

Cardiac Pacing and Monitoring - New Methods, Modern Devices

Author details
Peter Magnusson1,2, Magnus Samuelsson3, Joseph V. Pergolizzi Jr 4,5, Hani Annabi5
and Jo Ann LeQuang5*
1 Cardiology Research Unit, Department of Medicine, Karolinska Institute,
Stockholm, Sweden
2 Centre for Research and Development, Uppsala University/Region Gävleborg,
Sweden
3 Coala Life AB, Stockholm, Sweden
4 Native Cardio Inc., Naples, Florida, USA
5 NEMA Research Inc., Naples, Florida, USA
*Address all correspondence to: joann@leqmedical.com

© 2019 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms
of the Creative Commons Attribution License (http://creativecommons.org/licenses/
by/3.0), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.
16

Atrial Fibrillation and the Role of Thumb ECGs
DOI: http://dx.doi.org/10.5772/intechopen.83660

References
[1] Association AHAaAS. When the

Beat is Off–Atrial Fibrillation. American
Heart Association and American
Stroke Association. 2016. Available
from: /www.strokeassociation.org/
STROKEORG/LifeAfterStroke/
HealthyLivingAfterStroke/
UnderstandingRiskyConditions/Whenthe-Beat-is-Off---Atrial-Fibrillation_
UCM_310782_Article.jsp#.W8o1TWhKiUk
[Accessed: November 27, 2019]
[2] Kotecha D, Piccini J. Atrial

fibrillation in heart failure: What
should we do? European Heart
Journal. 2015;36(46):3250-3257. DOI:
10.1093eurheartj/ehv513
[3] Kirchhof P, Benussi S, Kotecha D,

Ahlsson A, Atar D, Casadei B, et al. 2016
ESC Guidelines for the management
of atrial fibrillation developed in
collaboration with EACTS. European
Heart Journal. 2016;37(38):2893-2962.
DOI: 10.1093/eurheartj/ehw210
[4] Jahangir A, Lee V, Friedman

PA, Trusty JM, Hodge DO,
Kopecky SL, et al. Long-term
progression and outcomes with aging
in patients with lone atrial fibrillation:
A 30-year follow-up study. Circulation.
2007;115(24):3050-3056
[5] Sugihara C, Veasey R, Freemantle

N, Podd S, Furniss S, Sulke N. The
development of AF over time in patients
with permanent pacemakers: Objective
assessment with pacemaker diagnostics
demonstrates distinct patterns of
AF. Europace. 2015;17(6):864-870. DOI:
10.1093/europace/euv032
[6] Passman R, Bernstein RA. New

appraisal of atrial fibrillation burden
and stroke prevention. Stroke.
2016;47(2):570-576. DOI: 10.1161/
STROKEAHA.115.009930
[7] January CT, Wann LS, Alpert JS,

Calkins H, Cigarroa JE, Cleveland JC Jr,
17

et al. 2014 AHA/ACC/HRS guideline
for the management of patients with
atrial fibrillation: Executive summary:
A report of the American College of
Cardiology/American Heart Association
Task Force on practice guidelines and
the Heart Rhythm Society. Circulation.
2014;130(23):2071-2104
[8] Healey JS, Alings M, Ha A,

Leong-Sit P, Birnie DH, de Graaf JJ,
et al. Subclinical atrial fibrillation
in older patients. Circulation.
2017;136(14):1276-1283
[9] Passman RS, Weinberg KM,

Freher M, Denes P, Schaechter A,
Goldberger JJ, et al. Accuracy of mode
switch algorithms for detection of
atrial tachyarrhythmias. Journal of
Cardiovascular Electrophysiology.
2004;15(7):773-777
[10] Glotzer T, Hellkamp A, Zimmerman

J, Sweeney M, Yee R, Marinchak
R, et al. Atrial high rate episodes
detected by pacemaker diagnostics
predict death and stroke. Circulation.
2003;107:1614-1619
[11] Healey JS, Connolly SJ, Gold MR,

Israel CW, Van Gelder IC, Capucci A,
et al. Subclinical atrial fibrillation and the
risk of stroke. The New England Journal
of Medicine. 2012;366(2):120-129. DOI:
10.1056/NEJMoa1105575
[12] Veasey RA, Sugihara C, Sandhu

K, Dhillon G, Freemantle N, Furniss
SS, et al. The natural history of
atrial fibrillation in patients with
permanent pacemakers: Is atrial
fibrillation a progressive disease?
Journal of Interventional Cardiac
Electrophysiology. 2015;44(1):23-30.
DOI: 10.1007/s10840-015-0029-x
[13] Sandgren E, Rorsman C, Edvardsson

N, Engdahl J. Stroke incidence
and anticoagulation treatment in
patients with pacemaker-detected

Cardiac Pacing and Monitoring - New Methods, Modern Devices

silent atrial fibrillation. PLoS One.
2018;13(9):e0203661. DOI: 10.1371/
journal.pone.0203661

DOI: 10.1016/j.hrthm.2018.10.022.
[Epub ahead of print]
[20] Chong BH, Pong V, Lam KF, Liu

[14] Ziegler PD, Koehler JL, Mehra

R. Comparison of continuous
versus intermittent monitoring of
atrial arrhythmias. Heart Rhythm.
2006;3(12):1445-1452

S, Zuo ML, Lau YF, et al. Frequent
premature atrial complexes predict
new occurrence of atrial fibrillation
and adverse cardiovascular events.
Europace. 2012;14(7):942-947. DOI:
10.1093/europace/eur389

[15] Glotzer TV, Daoud EG, Wyse DG,

Singer DE, Ezekowitz MD, Hilker
C, et al. The relationship between
daily atrial tachyarrhythmia burden
from implantable device diagnostics
and stroke risk: The TRENDS
study. Circulation. Arrhythmia and
Electrophysiology. 2009;2(5):474-480.
DOI: 10.1161/CIRCEP.109.849638
[16] Oldgren J, Healey JS, Ezekowitz M,

Commerford P, Avezum A,
Pais P, et al. Variations in cause and
management of atrial fibrillation
in a prospective registry of 15,400
emergency department patients
in 46 countries: The RE-LY Atrial
Fibrillation Registry. Circulation.
2014;129(15):1568-1576. DOI: 10.1161/
CIRCULATIONAHA.113.005451

[21] Coala Life. Study [Clinical study].

Unpublished. 2018
[22] Svennberg E, Engdahl J,

Al-Khalili F, Friberg L, Frykman
V, Rosenqvist M. Mass screening
for untreated atrial fibrillation: The
STROKESTOP study. Circulation.
2015;131(25):2176-2184. DOI: 10.1161/
CIRCULATIONAHA.116.026693
[23] Mandalenakis Z, Lennartsson ST,

Fu M, Lappas G, Li S, Rosengren A,
et al. The incidence of atrial fibrillation
and the added value of thumb ECG
for detecting new cases. Scandinavian
Cardiovascular Journal. 2018;10:1-6.
DOI: 10.1080/14017431/2018.1509120
[24] Berge T, Brynildsen J, Larssen HKN,

[17] Nguyen TN, Hilmer SN, Cumming

RG. Review of epidemiology
and management of atrial
fibrillation in developing countries.
International Journal of Cardiology.
2013;167(6):2412-2420. DOI: 10.1016/
ijcard.2013.01.184

Onarheim S, Jenssen GR, Ihle-Hansen
H, et al. Systematic screening for atrial
fibrillation in a 65-year-old population
with risk factors for stroke: Data from
the Akershus Cardiac Examination 1950
study. Europace. 2017;19(S3):iii355.
DOI: 10.1093/ehjci/eux159.003

[18] Kannel WB, Wolf PA, Benjamin

[25] Gorenek BC, Bax J, Boriani G,

EJ, Levy D. Prevalence, incidence,
prognosis, and predisposing conditions
for atrial fibrillation: Population-based
estimates. The American Journal of
Cardiology. 1998;82(8a):2n-9n

Chen SA, Dagres N, Glotzer TV,
et al. Device-detected subclinical
atrial tachyarrhythmias: Definition,
implications and management—An
European Heart Rhythm Association
(EHRA) consensus document, endorsed
by Heart Rhythm Society (HRS), Asia
Pacific Heart Rhythm Society (APHRS)
and Sociedad Latinoamericana
de Estimulacion Cardiaca y
Electrofisiologia (SOLEACE). Europace.
2017;19(9):1556-1578. DOI: 10.1093/
europase/eux163

[19] Blum S, Meyre P, Aeschbacher S,

Berger S, Auberson C, Briel M,
et al. Incidence and predictors of
atrial fibrillation progression: A
systematic review and meta-analysis.
Heart Rhythm. 24 October 2018.
pii: S1547-5271(18)31049-X.
18

Atrial Fibrillation and the Role of Thumb ECGs
DOI: http://dx.doi.org/10.5772/intechopen.83660
[26] Roche F, Gaspoz JM, Da Costa A,

[33] Doliwa PS, Frykman V, Rosenqvist

Isaaz K, Duverney D, Pichot V, et al.
Frequent and prolonged asymptomatic
episodes of paroxysmal atrial
fibrillation revealed by automatic
long-term event recorders in patients
with a negative 24-hour Holter. Pacing
and Clinical Electrophysiology.
2002;25(11):1587-1593

M. Short-term ECG for out of hospital
detection of silent atrial fibrillation
episodes. Scandinavian Cardiovascular
Journal. 2009;43(3):163-168. DOI:
10.1080/14017430802593435

[27] Doliwa PS, Rosenqvist M, Frykman

V. Paroxysmal atrial fibrillation with silent
episodes: Intermittent versus continuous
monitoring. Scandinavian Cardiovascular
Journal. 2012;46(3):144-148. DOI:
10.3109/14017431.2012.661873

[34] Ganapathy AV, Monjazeb S,

Ganapathy KS, Shanoon F, Razavi
M. “Asymptomatic” persistent
or permanent atrial fibrillation:
A misnomer in selected patients.
International Journal of Cardiology.
2015;185:112-113. DOI: 10.1016/j.
ijcard.2015.03.122
[35] Boriani G, Laroche CM, Diemberger

[28] Doliwa Sobocinski P, Anggardh

Rooth E, Frykman Kull V, von Arbin
M, Wallen H, Rosenqvist M. Improved
screening for silent atrial fibrillation
after ischaemic stroke. Europace.
2012;14(8):1112-1116. DOI: 10.1093/
europace/eur431

I, Fatecchi E, Popescu M, Rasmussen L,
et al. Asymptomatic atrial fibrillation:
Clinical correlates, management,
and outcomes in the EORP-AF Pilot
General Registry. The American Journal
of Medicine. 2015;128:509-518. DOI:
10.1016/j.amjmed.2014.11.026

[29] Poulsen MB, Binici Z, Dominguez

[36] Savelieva I, Camm AJ. Silent atrial

H, Soja AM, Kruuse C, Hornnes
AH, et al. Performance of short
ECG recordings twice daily to detect
paroxysmal atrial fibrillation in
stroke and transient ischemic attack
patients. International Journal of
Stroke. 2017;12(2):192-196. DOI:
10.1177/1747493016669883

fibrillation—Another Pandora’s box.
Pacing and Clinical Electrophysiology.
2000;23(2):145-148

[30] Hendrikx T, Rosenqvist M,

Wester P, Sandstrom H, Hornsten
R. Intermittent short ECG recording
is more effective than 24-hour Holter
ECG in detection of arrhythmias. BMC
Cardiovascular Disorders. 2014;14:41.
DOI: 10.1186/1471-2261-14-41
[31] Olsson A. Performance evaluation

of automatic symptom-ruled,
real-world arrhythmic recordings.
Stockholm: Sweden; 2018. Contract No.:
Poster 68
[32] Olsson A. Abstract 12893:

Symptom-ruled real world arrhythmic
recordings with an internet based
system. Circulation. 2018;138:A127893
19

[37] Flaker GC, Belew K, Beckman K,

Vidaillet H, Kron J, Safford R, et al.
Asymptomatic atrial fibrillation:
Demographic features and prognostic
information from the Atrial
Fibrillation Follow-Up Investigation
of Rhythm Management (AFFIRM)
study. American Heart Journal.
2005;149(4):657-663
[38] Dilaveris PE, Kennedy HL. Silent

atrial fibrillation: Epidemiology,
diagnosis, and clinical impact. Clinical
Cardiology. 2017;40(6):413-418. DOI:
10.1002/clc/22667
[39] Camm AJ, Kirchhof P, Lip GY,

Schotten U, Savelieva I, Ernst S, et al.
Guidelines for the management of
atrial fibrillation: The task force for
the management of atrial fibrillation
of the European Society of Cardiology
(ESC). European Heart Journal.

Cardiac Pacing and Monitoring - New Methods, Modern Devices

2010;31(19):2369-2429. DOI: 10.1093/
euroheartj/ehq278
[40] Kennedy HL. Silent atrial

fibrillation: Definition, clarification,
and unanswered issues. Annals of
Noninvasive Electrocardiology.
2015;20(6):518-525. DOI: 10.1111/
anec.12307
[41] Marfella R, Sasso FC, Siniscalchi

M, Cirillo M, Paolisso P, Sardu C, et al.
Brief episodes of silent atrial fibrillation
predict clinical vascular brain disease
in type 2 diabetic patients. Journal of
the American College of Cardiology.
2013;62(6):525-530. DOI: 10.1016/j.
jacc/2013.02.091

Koehler J, et al. Temporal relationship
of atrial tachyarrhythmias,
cerebrovascular events, and systemic
emboli based on stored device data: A
subgroup analysis of TRENDS. Heart
Rhythm. 2011;8(9):1416-1423. DOI:
10.1016/j.hrthm.2011.04.022
[47] Martin DT, Bersohn MM, Waldo

AL, Wathen MS, Choucair WK, Lip
GY, et al. Randomized trial of atrial
arrhythmia monitoring to guide
anticoagulation in patients with
implanted defibrillator and cardiac
resynchronization devices. European
Heart Journal. 2015;36(26):1660-1668.
DOI: 10.1093/eurheartj/ehv115
[48] Xiong Q, Proietti M, Senoo

[42] Boriani G, Padeletti L.

Management of atrial fibrillation in
bradyarrhythmias. Nature Reviews.
Cardiology. 2015;12(6):337-349. DOI:
10.1038/nrcardio.2015.30
[43] Blustin JM, McBane RD, Mazur

M, Ammash N, Sochor O, Grill
DE, et al. The association between
thromboembolic complications and
blood group in patients with atrial
fibrillation. Mayo Clinic Proceedings.
2015;90(2):216-223. DOI: 10.1016/j.
mayocp.2014.11.013
[44] Benezet-Mazuecos J, Rubio JM,

Cortes M, Iglesias JA, Calle S, de la Vieja
JJ, et al. Silent ischaemic brain lesions
related to atrial high rate episodes
in patients with cardiac implantable
electronic devices. Europace.
2015;17(3):364-369. DOI: 10.1093/
europace/euu267
[45] Surapaneni P, Safadi A, Contractor

T, Patel MB, Thakur RK. Devicedetected atrial fibrillation-perils and
pitfalls: An update. Cardiology Clinics.
2016;34(2):299-306. DOI: 10.1016/j.
ccl.2015.12.007
[46] Daoud EG, Glotzer TV, Wyse DG,

Ezekowitz MD, Hilker C,

20

K, Lip GY. Asymptomatic versus
symptomatic atrial fibrillation: A
systematic review of age/gender
differences and cardiovascular
outcomes. International Journal of
Cardiology. 2015;191:172-177. DOI:
10.1016/j.ijcard.2015.05.011
[49] Go A, Hylek E, Philips K, Chang

Y, Henault L, Selby J, et al. Prevalence
of diagnosed atrial fibrillation in
adults: National implications for
rhythm management and stroke
prevention: The Anticoagulation and
Risk Factors in Atrial Fibrillation
(ATRIA) Study. Journal of the
American Medical Association.
2001;285(18):2370-2375
[50] Wagstaff A, Overvad T, Lip G, Lane

D. Is female sex a risk factor for stroke
and thromboembolism in patients
with atrial fibrillation? A systematic
review and meta-analysis. Q J M .
2014;107(12):955-967
[51] Defaye P, Dournaux F, Mouton

E. Prevalence of supraventricular
arrhythmias from the automated
analysis of data stored in the DDD
pacemakers of 617 patients: The AIDA
study. The AIDA Multicenter Study
Group. Automatic interpretation for

Atrial Fibrillation and the Role of Thumb ECGs
DOI: http://dx.doi.org/10.5772/intechopen.83660

diagnosis assistance. Pacing and Clinical
Electrophysiology. 1998;21(1 Pt 2):
250-255
[52] Garrigue S, Cazeau S, Ritter P,

Lazarus A, Gras D, Mugica J. Incidence
of atrial arrhythmia in patients with
long term dual-chamber pacemakers.
Contribution of the Holter function
of pacemakers. Archives des
Maladies du Coeur et des Vaisseaux.
1996;89(7):873-881

measures: A report of the American
College of Cardiology/American
Heart Association task force on
performance measures. Circulation.
2014;130(22):1984-1994. DOI: 10.1161/
CIRC.0000000000000139
[59] Donal E, Colette E, Hubert A. Could

transthoracic echocardiography results
be convincing enough to impact the
management of atrial fibrillation?
Echocardiography. 2016;33(5):672-673.
DOI: 10.1111/echo.13201

[53] Savelieva I, Camm AJ. Clinical

relevance of silent atrial fibrillation:
Prevalence, prognosis, quality of
life, and management. Journal
of Interventional Cardiac
Electrophysiology. 2000;4(2):369-382
[54] Chugh SS, Havmoeller

R, Narayanan K, Singh D,
Rienstra M, Benjamin EJ, et al.
Worldwide epidemiology of atrial
fibrillation: A global burden of
disease 2010 study. Circulation.
2014;129(8):837-847. DOI: 10.1161/
CIRCULATIONAHA.113.005119
[55] Thrall G, Lane D, Carroll D, Lip

GY. Quality of life in patients with
atrial fibrillation: A systematic review.
The American Journal of Medicine.
2006;119(5):448.e1-448.19

[60] Donal E, Lip GY, Galderisi M,

Goette A, Shah D, Marwan M, et al.
EACVI/EHRA Expert Consensus
Document on the role of multi-modality
imaging for the evaluation of patients
with atrial fibrillation. European
Heart Journal Cardiovascular Imaging.
2016;17(4):355-383. DOI: 10.1093/ehjci/
jev354
[61] Fabritz L, Guasch E, Antoniades

C, Bardinet I, Benninger G, Betts TR,
et al. Expert consensus document:
Defining the major health modifiers
causing atrial fibrillation: A roadmap to
underpin personalized prevention and
treatment. Nature Reviews. Cardiology.
2016;13(4):230-237. DOI: 10.1038/
nrcardio.2015
[62] Deneer VH, van Hemel NM. Is

of atrial fibrillation: A new frontier
for nursing research. Progress
in Cardiovascular Nursing.
2008;23(1):37-40

antiarrhythmic treatment in the
elderly different? A review of
the specific changes. Drugs &
Aging. 2011;28(8):617-633. DOI:
10.2165/11591680-000000000-00000

[57] McCabe PJ. What patients want and

[63] Fabritz L, Kirchhof P. Predictable

need to know about atrial fibrillation.
Journal of Multidisciplinary Healthcare.
2011;4:413-419. DOI: 10.2147/JMDH.
S19315

and less predictable unwanted cardiac
drugs effects: Individual pre-disposition
and transient precipitating factors.
Basic & Clinical Pharmacology &
Toxicology. 2010;106(3):263-268. DOI:
10.1111/j.1742-7843.2010.00547.x

[56] McCabe PJ. Self-management

[58] Peterson ED, Ho PM, Barton M,

Beam C, Burgess LH, Casey DE Jr,
et al. ACC/AHA/AACVPR/AAFP/
ANA concepts for clinician-patient
shared accountability in performance

21

[64] Magnusson P, Kovi H, Mattsson

G. A protocol for a prospective
observational study using chest and

Cardiac Pacing and Monitoring - New Methods, Modern Devices

thumb ECG: Transient ECG assessment
in stroke evaluation (TEASE) in
Sweden. BMJ Open. 2018;8:019933
[65] Coala. The RedHeart Study: Coala.

2018. Available from: https://www.
coalalife.com/english-news/2018/5/29/
the-red-heart-study-z6x7e [Accessed:
November 29, 2018]
[66] Bergman S Jr, Hoffler G, Johnson

R. Evaluation of the electromechanical
properties of the cardiovascular
system. Houston, Texas: NASA. 1974.
Available from: https://ntrs.nasa.gov/
search.jsp?R=19750006321 [Accessed:
November 29, 2018]
[67] Hassan S, Turner P. Systolic time

intervals: A review of the method in the
non-invasive investigation of cardiac
function in health, disease and clinical
pharmacology. Postgraduate Medical
Journal. 1983;59(693):423-434

22

