JMIR MHEALTH AND UHEALTH Chenetd

Original Paper

Atrial Fibrillation Screening in Nonmetropolitan Areas Using a
Telehealth Surveillance System With an Embedded
Cloud-Computing Algorithm: Prospective Pilot Study

Ying-Hsien Chen®, MD; Chi-Sheng Hung', MD, PhD; Ching-Chang Huang*, MD; Yu-Chien Hung?, MD; Juey-Jen
Hwang>®, MD, PhD; Yi-Lwun Ho"", MD, PhD

1Department of Internal Medicine, National Taiwan University Hospital, Taipei, Taiwan

2Department of Medicine, National Taiwan University Hospital JinShan Branch, New Taipei, Taiwan
3Department of Internal Medicine, National Taiwan University Hospital Yun-Lin Branch, Yun-Lin, Taiwan
* these authors contributed equally

Corresponding Author:

Yi-Lwun Ho, MD, PhD

Department of Internal Medicine
National Taiwan University Hospital
No.7, Chung Shan S. Rd.

Taipei, 10002

Taiwan

Phone: 886 2 2312 3456 ext 63651
Fax: 886 2 2353 9346

Email: ylho@ntu.edu.tw

Abstract

Background: Atrial fibrillation (AF) is a common form of arrhythmia that is associated with increased risk of stroke and
mortality. Detecting AF before the first complication occurs is a recognized priority. No previous studies have examined the
feasibility of undertaking AF screening using atel ehealth surveillance system with an embedded cloud-computing algorithm; we
address thisissue in this study.

Objective: The objective of this study wasto evaluate the feasibility of AF screening in nonmetropolitan areas using atelehealth
surveillance system with an embedded cloud-computing algorithm.

Methods: We conducted a prospective AF screening study in a nonmetropolitan area using a single-lead electrocardiogram
(ECG) recorder. All ECG measurementswere reviewed on the telehealth surveillance system and interpreted by the cloud-computing
algorithm and a cardiologist. The process of AF screening was evaluated with a satisfaction questionnaire.

Results: Between March 11, 2016 and August 31, 2016, 967 ECGs were recorded from 922 residents in nonmetropolitan areas.
A total of 22 (2.4%, 22/922) residents with AF were identified by the physician’s ECG interpretation, and only 0.2% (2/967) of
ECGs contained significant artifacts. The novel cloud-computing agorithm for AF detection had a sensitivity of 95.5% (95% ClI
77.2%-99.9%) and specificity of 97.7% (95% Cl 96.5%-98.5%). The overall satisfaction score for the process of AF screening
was 92.1%.

Conclusions: AF screening in nonmetropolitan areas using atel ehealth surveillance system with an embedded cloud-computing
algorithm isfeasible.

(JMIR Mhealth Uhealth 2017;5(9):€135) doi: 10.2196/mheslth.8290
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Introduction

Health Threats From Atrial Fibrillation

Atrid fibrillation (AF), acommon form of sustained arrhythmia
that has a significant impact on population health, is now a
growing public health problem[1]. According to the Rotterdam
Study, a large European population-based study, the overall
prevalence of AFis5.5% in apopulation of 55 years and older,
rising from 0.7% in the age group of 55 to 59 years to 17.8%
inthose aged 85 years and older [2]. Meanwhile, inthe ATRIA
study from the United States, a cross-sectional study of adults
aged 20 years or older, the overall prevalence of diagnosed AF
was 0.95%, ranging from 0.1% among adults younger than 55
yearsto 9.0% in persons aged 80 years or older [3]. Both studies
consistently demonstrated that the incidence of AF increased
with age and was higher in men than in women. The number
of patientswith AF islikely toincrease 2.5-fold during the next
50years, reflecting the growing proportion of elderly individuals
[3].

AFisconsidered adegenerative disease triggered by interactions
with various substrate patterns, and it shares strong
epidemiol ogical associationswith other cardiovascular diseases
such as heart failure and coronary artery disease, rheumatic
heart disease, hypertension, and diabetes. Theincidence of AF
varies depending on the population studied. The overall rate of
incidence is 9.9 per 1000 person-years in a population older
than 55 years according to the Rotterdam Study [2], whereas
the Framingham Heart Study reports that the annual incidence
is0.5 per 1000 person-years[4]. AF isconsidered arisk factor
for stroke [5,6] and congestive heart failure [7], and patients
newly diagnosed with AF have ahigher mortality risk, especially
within thefirst 4 months of diagnosis[8]. Thereisanear 5-fold
increase in the incidence of stroke when AF is present [6], and
the annual risk of stroke ranges from 2% to 18% depending on
other risk factors[9].

Atrial Fibrillation Screening

Antithrombotic therapies, including vitamin K antagonists
(VKA) [10,11] and nonvitamin K antagonist oral anticoagulants
(NOAC) [12-15], reduce therisk of stroke in patients with AF.
Currently, there is no effective way to prevent or cure AF and
undiagnosed AF is common, especially in older populations
and for patientswith heart failure[16]. Previously, undiagnosed
AFwasfound in 1.4% of those aged >65 years, which suggests
that opportunistic screening for silent AF may be cost-effective
inelderly populations[17]. The European Society of Cardiology
(ESC) 2016 guidelines recommended conducting such screening
by pulsetaking or el ectrocardiogram (ECG) rhythm strips[18].
Currently, screening of older populations can be achieved
through short-term ECG, pulse palpation [19], single-lead ECG
[20-22], and blood pressure (BP) measurement with patented
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AF agorithm [23]. However, the sensitivity, accuracy, and
accessibility of these modalities may affect the dissemination
of AF screening, and the traditional 12-lead ECG has inherent
limitations for its application to AF screening, especialy in
nonmetropolitan areas where the accessibility of health careis
limited. The Telehedth Center of the National Taiwan
University Hospital (NTUH) has conducted the
fourth-generation telehealth service sin ce 2009 for patients
with cardiovascular diseases [24-26]. By using ECG recorders
(DigiO2 Cardio Care ECG recorder, DigiO2 International Co.,
Ltd), ECG measurement has become convenient and feasible
at a distance from health care organizations. We conducted a
prospective AF screening study in anonmetropolitan areausing
a DigiO2 Cardio Care ECG recorder with a telesurveillance
system embedded with a cloud-computing algorithm. Themain
purpose of the study wasto evaluate the feasibility and accuracy
of AF screening in nonmetropolitan aress.

Methods

The Taiwan ELEctroHEALTH (TELEHEALTH) study group
conducted a prospective clinical study of AF screening in
nonmetropolitan areas of Jinshan, Wanli, Shimen, and Sanzhi
districts, New Taipel City, Taiwan. These areas were the
northern coast of Taiwan with Yangmingshan National Park
mountain barrier separating these areas from the metropolitan
city (Taipel City) (Figure 1). The AF screening was conducted
in the community during the advocacy activities held by the
local health bureaus, various government agencies, and the
National Taiwan University Hospital, Jinshan branch. A booth
for AF screening was established. Local residentswho attended
the advocacy activity without active life-threatening medical
conditions and aged older than 20 years were enrolled after
obtaining their informed consent. Trained personnel would
assist participants when performing ECG measurement
according to the step-by-step instruction. The electrodes
placement followed the manufacturer’s recommendation and
in accordance with the American Heart Association
recommendation [27]. Misplacement of electrodes can cause
significant alteration to wave amplitudes or morphol ogy, which
may invalidate the use of recording [28]. All participants
obtained an ECG measurement using the ECG recorder and
completed a questionnaire regarding their individual health
status, medical condition, and satisfaction toward the process
of AF screening and handheld ECG measurement.

The measured ECGs were transmitted to a Web-based
telesurveillance system at the Telehealth Center. An independent
cardiologist performed the physician-based ECG interpretations.
The computer-based ECG auto-interpretation was executed
automatically according to the cloud-computing algorithm
developed by the TELEHEALTH study group [29]. The
institutional review board at NTUH approved the study protocol.
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Figure 1. Map of nonmetropolitan area of JinShan, Wanli, Shimen and Sanzhi district.
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AF screening was performed in a stepwise manner under the
assistance of trained personnel. After launching the
Android-based AF screening application on an Android tablet,
step-by-step instructions for the screening were displayed.
Participants were instructed to connect the card reader to the
Android tablet. If the card reader was connected to the tablet
without launching the application first, the application would
launch once the card reader was connected and proceed to the
next step automatically. In the next step, participants were
instructed to insert their identity-specific National Health
Insurance Cards into the card reader to assess their personal
information. After confirming their identity, a confirmation
message was displayed, followed by an illustration showing
how to position the ECG electrodes (Figure 2). The right arm
limblead (yellow) had to be placed anywhere between theright
shoulder and right arm, theleft arm limb lead (black) anywhere
between theleft shoulder and left arm, and the left leg lead (red)
anywhere below the left torso and above the left ankle.

With the electrodes attached to their appropriate positions, the
participants were instructed to press the measurement button,
and the ECG recorder (DiGiO2 Cardio Care ECG Recorder)
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recorded a15-second single-lead ECG. The measurementswere
transferred automatically from the ECG recorder to the tablet
through a Bluetooth connection and could be explored
instantaneously on the tablet through the application (Figure
2). The ECG was relayed from the tablet to the server at the
Telehealth Center through a wireless local area network
(WLAN) once the user had confirmed the upload. The ECG
was then ready to be retrieved from the server at the Telehealth
Center by the telesurveillance system, proceed to ECG
auto-interpretation by the cloud-computing algorithm, and
receive physician interpretation.

Telesurveillance System

Thetelesurveillance system (Figure 3) isaWeb-based platform
developed by the Graduate Institute of Biomedical Electronics
and Bioinformatics, National Taiwan University, Taiwan [29].
The telesurveillance system was operated under a
service-oriented architecture framework with the Health Level
Seven standard. Part of the function of the telesurveillance
system includes exploring and reviewing biometric data, such
as single-lead ECGs, BP, heart rate, and oximetry, and
transferring the patient data to our Telehealth Center daily and
on demand [26]. The physician’s ECG interpretation was also
recorded on this Web-based platform.
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Figure2. Stepsin atrial fibrillation screening.
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Cloud-Computing Algorithm

The design and agorithm of the Web-based ECG
auto-interpretation were described in a previous study [29].
After removing baseline noise by finite impul se responsefilter,
the key features of the ECG waveforms extracted were processed
by support vector machine or rule-based processing to construct
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a classification model that can suggest diagnosis. A modified
cloud-computing algorithm for determining AF was adopted
during the study, where the detection of atrial premature
complex (APC) or ventricular premature complex (VPC) was
not included. Figure 3 demonstrates the result of ECG
auto-interpretation by the cloud-computing agorithm on the
telesurveillance system.
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Figure 3. Tele-surveillance system and auto-interpretation by cloud-computing algorithm.
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3 artifact represents significant artifacts without recognizable
P waves or QRS complexes. Figure 4 shows the illustrated
examples of ECG artifacts in each categorization.

Statistical Analysis

All continuous variables were expressed as mean (standard
deviation [SD]) and categorical variables in numbers and
percentages. Stata/SE 11.0 for Windows (StataCorp LP) was
used for doatistical analyses. The results of sensitivity,
specificity, positive predictive value (PPV), and negative
predictive value (NPV) werefurther stratified according to age.

Results

Between March 11, 2016 and September 8, 2016, 967 ECGs
were recorded from 922 residents (age: 58.1 [SD 15.0] years,
aged >65 years. 426/922, 46.2%; male participants. 337/922,
36.6%) in Jinshan, Wanli, Shimen, and Sanzhi districts, New
Taipei City, Taiwan, through community-based AF screening.
Among those who received ECG measurements, 885 participants
received a single ECG test, whereas 34 participants received
two ECG tests, and 3 participants received three or more ECG
tests. Among the 967 ECG records, 807 (807/967, 83.5%) were
categorized as grade O artifacts, 124 (124/967, 12.8%) ECGs
were categorized as grade 1 artifacts, 26 (26/967, 2.7%) ECGs
had grade 2a artifacts, 8 (8/967, 0.8%) ECGs had grade 2b
artifacts, and 2 (2/967, 0.2%) ECGs were classified as grade 3
artifacts.

Figure4. Illustrative electrocardiogram (ECG) and noise grading.
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The results of physician’s ECG interpretations demonstrated a
sinusrhythmin 939 (939/967, 97.1%), including asinusrhythm
without ectopic beatsin 907 patients (907/967, 93.8%), asinus
rhythm with APCin 15 patients (15/967, 1.6%), asinusrhythm
with VPC in 19 patients (19/967, 2.0%), and a sinus rhythm
with both APC and VPCin 1 patient (1/967, 0.1%). There were
22 (22/967, 2.3%) AF rhythms, including AF rhythm with VPC
in 3 (3/967, 0.3%). A paced rhythm in 1 (1/967, 0.1%) and a
junctional rhythm in 3 (3/967, 0.3%) were identified by
physician’s-determined ECG interpretations. Two ECGs (2/967,
0.2%) had no physician-determined ECG interpretations because
of the presence of grade 3 ECG artifacts. The estimated
prevalence of AF from our study population is 2.4% (22/922).

Theresults of the ECG auto-interpretation demonstrated no AF
in 922 ECG measurements (92/967, 95.3%) and AF in 45 ECG
measurements  (45/967, 4.7%). After excluding ECG
measurements with grade 3 artifacts, the overall performance
for the AF screening cloud-computing agorithm had a
sensitivity of 95.5% (95% Cl 77.2%-99.9%) and a specificity
of 97.7% (95% Cl 96.5%-98.5%), with a PPV of 48.8% (95%
Cl 38.5%-59.3%), and an NPV vaue of 99.9% (95% ClI
99.3%-100.0%) for detecting a disease prevalence (by ECG
numbers) of 2.3% (22/965). When stratified to participants aged
older than 65 years, the cloud-computing agorithm for AF
screening had a sensitivity of 94.4% (95% Cl 72.7%-99.9%)
and a specificity of 96.4% (95% CI 94.2%-98.0%), with a PPV
of 53.1% (95% CI 40.5%-65.4%) and an NPV of 99.8% (95%
Cl 98.4%-100.0%) for detecting a disease prevalence (by ECG
numbers) of 4.1% (Table 1).

25 mm/sec 15 mm/my.

2 3 4 5

4G

25 mm/sec 15 mm/mv. 4 25 hm/sec 15 mm/mv.

JMIR Mhealth Uhealth 2017 | vol. 5 | iss. 9| €135 | p. 6
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR MHEALTH AND UHEALTH

Chenet a

Table 1. Performance of the cloud-computing a gorithm stratified according to age.

Result of cloud-computing algorithm Age <65 years

(n=526)

Overal
(N=965)

Age >65 years
(n=439)

Sensitivity, % (95% Cl)

Specificity, % (95% Cl)

Positive predictive value, % (95% CI)
Negative predictive value, % (95% CI)
Disease prevalence (by ECG numbers), % (n/N) 0.8 (4/526)
0.8 (4/496)

100.0

Disease prevalence (by screening resident num-
bers), % (n/N)

100.0(95% CI 39.8%-100.0%)
98.7 (95% CI 97.3%-99.5%)
36.4 (95% CI 21.5%-54.4%)

94.4 (95% Cl 72.7%-99.9%)
96.4 (95% Cl 94.29%-98.0%)
53.1 (95% CI 40.5%-65.4%)
99.8 (95% Cl 98.4%-100.0%)
4.1 (18/439)

4.2 (18/426)

95.5 (95% Cl 77.2%-99.9%)
97.7 (95% Cl 96.5%-98.5%)
48.8 (95% Cl 38.5%-59.3%)
99.9 (95% Cl 99.3%-100.0%)
2.3 (22/965)

2.4(22/922)

False Positive Analysis

A total of 22 false positive ECGs from the cloud-computing
algorithm were identified. We analyzed the ECG quality and
ECG characteristics. In addition, 16 (72.7%) ECG measurements
had good image quality (grade O artifact), 3 (13.3%) had grade
1 artifacts, and another 3 (13.3%) had grade 2a artifacts. Other
ECG featuresin these 22 false positives include a sinus rhythm
with APC in 8 patients (36.4%), asinus rhythm with VPCin 8
(36.4%), and a QRS complex voltage <0.5 mV in 9 (40.9%).
Therewas only 1 fal se negative ECG from the cloud-computing
algorithm.

Satisfaction Questionnaire

Intotal, 825 satisfaction questionnaires were obtained from 922
participants, with an overall satisfaction score of 92.1%.
Regarding AF screening convenience, 91.2% (752/825) of
participants rated 4 or 5 on a scale of 1 to 5, and 89.5%
(738/825) of the participantswould recommend othersto receive
AF screening in the future.

Discussion

Principal Findings

We conducted a prospective AF screening study on
nonmetropolitan areas through a single-lead ECG recorder and
a telehealth surveillance system with an embedded
cloud-computing algorithm. We compared the results obtained
from ECG auto-interpretation by the cloud-computing algorithm
and a cardiologist and found that the ECG recorder can obtain
high-quality ECG images and that the ECG auto-interpretation
by the cloud-computing algorithm for AF detection has a
sensitivity of 95.5% and a specificity of 97.7%, with ardative
low PPV of 48.8%. The overall satisfaction scorefor the process
of AF screening was 92.1%.

With the prevalence and incidence of AF increasing with age,
AF is a growing public health problem [1]. AF management
has recently evolved to include high-risk patient identification
via the CHA2DS2-VASc score, bleeding risk evaluation via
the HAS-BLED score, and the SAMe-TT2R2 score for the
initial selection of VKA or NOAC therapy [30]. The etiology
for AF comprises complex pathophysiological changes in the
atrium,  including  stretch-induced  atrial  fibrosis,
hypocontractility, fatty infiltration, inflammation, remodeling,
ischemia, and ion channel dysfunction.

https://mhealth.jmir.org/2017/9/e135/

There is no effective method to prevent AF, although some
retrospective analyses from large randomized trials showed a
lower incidence of new-onset AF in patients receiving
angiotensin-converting enzymeinhibitors or angiotensin receptor
blockers[31,32]. The early detection of AF and timely trestment
before the first complications occur remain the best practice
according to contemporary practices. According to the 2016
ESC guidelines, opportunistic screening for AF by pulsetaking
or the application of ECG rhythm strips in patients >65 years
of age is now a class | indication [18]. However, traditional
pulse pal pation can be unreliable, and 12-1ead ECG recordings
can be cumbersome and might not readily be available or
accessibleto put into practice for AF screening practices. Other
modalities such as AF detection during automated BP
measurement, handheld ECG machines, mobile phone ECGs,
and finger-probe instruments are thus under investigation for
AF screening.

Pulse Palpation

Theclassical sign of AF by pulsepalpationisanirregular pulse.
Sanmartin et al conducted a campaign for information and
diagnosis of AF through pulse palpation. Among 1532
participants with a mean age of 73 (SD 7) years, 4.11%
(63/1532) were identified with AF, including 1.11% (17/1532)
with newly diagnosed AF [33]. Cooke G et al investigated three
studies (2385 patients) that compared pul se pal pation with ECG.
The estimated sensitivity of pulse palpation ranged from 91%
to 100% and specificity ranged from 70% to 77%. Pooled
sensitivity was 94% (95% Cl 84%-97%), and pool ed specificity
was 72% (95% Cl 69%-75%). Given that pulse palpation has
ahigh sensitivity but relatively low specificity for AF detection,
it was considered a suitable tool for ruling out AF [34]. The
diagnosisof AF still requires rhythm documentation using ECG
[18,35].

Twelve-Lead ECG

The typica pattern of AF on an ECG would be irregular RR
intervals and no discernible, distinct P waves. Although
economic analyses have concluded the cost-effectiveness of
either annual screening [36] or opportunistic screening [17] by
using a 12-lead ECG in those aged =65 years, the accessibility
and higher cost for a12-lead ECG may limit the dissemination
of systemic screening. Other screening modalities are now under
investigation for feasibility, accuracy, cost-effectiveness, and
the potential to replace the 12-lead ECG.
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Screening for AF With Automated Blood Pressure
M easurement

A specific algorithm for AF detection during automated BP
measurement was developed and implemented in a novel
oscillometric device (Microlife WatchBP Home-A). According
to ameta-analysis composed of 6 studies (n=2332) performed
by Verberk et al, the highest diagnostic accuracy for AF
detection would be provided by using the Microlife BP monitor
to take three sequential readingswith at |east two detecting AF,
giving an estimated pooled sensitivity of 0.98 (95% CI
0.95-1.00) and specificity of 0.92 (95% CI 0.88-0.96) [23]. In
2013, the UK National Institute for Health and Care Excellence
recommended thisdevicefor AF screening during routine office
BP measurement in primary care for patients aged =65 years
[37]. Although AF detection with routine-automated BP
measurement could be a potential screening tool in the elderly
people, it still requires confirmation by ECG [18,35].

Handheld Single-L ead ECG Device

Desteghe et a evaluated the usability, accuracy, and
cost-effectiveness of 2 handheld single-lead ECG devices
(MyDiagnostick and AliveCor) for AF screening in a hospital
population. The performance of the automated algorithm of
each device was evaluated against afull 12-lead or 6-lead ECG
recording. In the study, handheld recordings were not possible
in 7% to 21.4% of hospital patients because they were unable
to hold the devices properly. Both automated algorithms for
each device had suboptimal sensitivity and specificity results.
The sensitivity for MyDiagnostick was 81.8% to 89.5%, with
a specificity of 94.2% to 95.7%. For AliveCor, the sensitivity
was 54.5% to 78.9%, with aspecificity of 97.5%t097.9%[38].

For handheld DigiO2 Cardio Care ECG recorder, it is optional
to use either dry contact electrodes or adhesive electrodes for
ECG measurement; we preferred to use adhesive el ectrodes for
ECG measurements to guarantee a better ECG quality and to
test the accuracy of the cloud-computing algorithm. Therefore,
use of adhesive electrodes for ECG measurement ensures that
no participants are excluded from AF screening for being unable
to hold the device. Moreover, even though an automated
algorithm was embedded in the handheld single-lead ECG
device in another study [38], our novel cloud-computing
algorithm was embedded in atelesurveillance system, allowing
amore comprehensive algorithm and a greater storage capacity
for AF detection measurements.

Finger-Probe Instruments

Lewis et a analyzed the application of a plethysmographic
analysis of fingertip pulses in the detection of AF. A 12-lead
ECG wasrecorded immediately for comparison when the finger
probe was disconnected. The device detected all cases of AF
(100% sensitivity), and a specificity of 91.9% (8.1% fase
positives) was obtained [39]. The finger probe may provide a
potential tabletop instrument that allows for AF screening;
however, it still requires a confirmatory ECG.

Novel AF Detection Modalities

Photoplethysmography (PPG) is an optical method to measure
changes in tissue blood volume caused by the pressure pulse.
By placing afinger in contact with a mobile phone camera, the

https://mhealth.jmir.org/2017/9/e135/

Chenet a

PPG waveform can be acquired through the light intensity
reflected from a finger illuminated by the light-emitting diode
mobile flash [40]. Chan et al [41] investigated the ability of
PPG to diagnose AF in real-world situations. By using Cardiio
Rhythm mobile app, the diagnostic sensitivity of the Cardiio
Rhythm for AF detection was 92.9% (95% Cl 77%-99%), which
was higher than that of the AliveCor automated algorithm
(71.4%; 95% Cl 51%-87%). The specificities of Cardiio Rhythm
and the AliveCor automated algorithm were comparable [41].

Nemati et a [42] proposed a noise-resistant machine learning
approach to detect AF from noisy ambulatory PPG recorded
from the wrist wearable technology. The preliminary result
showed a sensitivity of 97% and specificity of 94% in 46 study
subjects. Couderc et a proposed another novel technology for
contactless detection of AF by using facial video recordings.
The video plethysmographic signal acquired using a standard
Web camera was extracted. A novel quantifier of pulse
variability called the pulse harmonic strength was introduced
to detect the presence of AF, which showed a 20% detection
error rate [43]. Meanwhile, these new modalities till require
confirmatory ECG for AF diagnosis.

Strengthsand Limitations

Although multiple modalities demonstrated a potential to be
used in AF screening, some strengths and key features
differentiated our study from others. First, we used adhesive
electrodesto receive ECG signalsto obtain the best ECG quality
possible because we understand that the ECG is essentia for
AF diagnosis [18,35]. The ECG measurement first appears on
site and can be explored through the application. Artifact ECGs
can be identified before the final submission, and patients can
repeat the ECG measurement when artifacts are presented.
Although we use adhesive electrodes for ECG measurement,
participants do not need to take off their clothes as with the
traditional 12-lead ECG. By avoiding embarrassment and
inconvenience brought by the removal of clothing, women
should be more willing to receive AF screening. In fact, more
women than men participated in our study (73.4%).

Second, our novel cloud-computing algorithm was embedded
in a telesurveillance system, but not in the single-lead ECG
devices per se, allowing a more comprehensive algorithm for
AF detection. Moreover, the single-lead ECG recorder was used
for ECG measurement only, and all measurements were
transferred and stored in the cloud. Thereis only arequirement
for temporary storage, which is a great advantage when AF
screening is conducted in a large population where large
amounts of ECG data are expected.

Third, the participant’s identification and ECG were matched
and recorded €electronically, which minimized the occurrence
of error during datafiling.

Fourth, the performance of AF screening through the ECG
recorder and cloud-computing algorithm is satisfactory, with a
high sensitivity (95.5%), specificity (97.7%), and NPV (99.9%).
The result supportsits use for AF screening in the future.

Fifth, the satisfaction questionnaire administered in our study
received a high satisfaction score when graded by participants.
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This study has several limitations. First, this is a single-arm
study without comparison groups or randomization design.
Second, our ECG measurements were not compared with the
current gold standard 12-lead ECG. In this study, the AF
screening was performed on a community basis, which made
comparisons with a 12-lead ECG impossible. To compensate
for this shortage, al single-lead ECGs were measured through
adhesive electrodesto receive the highest ECG quality possible
and make the use of a 12-lead ECG less necessary. Third, we
measured a 15-second single-lead ECG during each AF
screening by DigiO2 Cardio Care ECG recorder. Comparing
with the other handheld ECG that measures 30 seconds ECG
tracing, shorter ECG tracing in this study may raise the concern
of diagnostic power for AF. The best method to compensate
the shortage would be obtaining high-quality ECG for reference.
In addition, we are able to preview the ECG instantaneously on
thetablet before uploading to the server at the Telehealth Center.
Repeat measurement wasallowed if the ECG measurement was
composed of artifacts. Fourth, although this study demonstrates
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that the ECG auto-interpretation by cloud-computing algorithm
for AF detection has satisfactory sensitivity and specificity, the
PPV of 48.8% is relatively low. A confirmatory examination
is needed for the screened positive results from the ECG
auto-interpretation by the cloud-computing algorithm. Fifth, an
independent cardiologist performed all the physician-based
ECG interpretations in the study. Potential interpretation error
and bias may exigt, as the interpretation of (single lead) ECG
tracings can till vary between cardiol ogists. Most of the studies
assigned 2 independent electrophysiologists for reviewing the
ECGs[38,44]. Sixth, we did not eval uate the cost-effectiveness
in this study. Potential expenditure could come from personnel
expenses, adhesive el ectrodes, tablets, WLAN, and so on. Future
studies for the cost-effectiveness should be performed before
broadly applying our methodology for AF screening.

Conclusions

Itisfeasibleto conduct AF screening in nonmetropolitan areas
using an ECG recorder with a telehealth surveillance system
containing an embedded cloud-computing algorithm.

We would like to acknowledge the contributions from Jen-Kuang Lee, MD; Dr Kuan-Chih Huang, MD; Hung-Ju Lin, MD;
Po-Chih Lin, MD; Ms Shu-Ting Lee; and Ms Shiou-Chi Jeng for their assistance and support in this study. We would also like

to thank NTUH for funding the study (106-A136).

Authors Contributions

The contributions of the authors are described asfollowing: conception and design by Y L-H and JJ-H; datacollection and analysis
by YH-C, CC-H, and Y C-H; statistical analysis and interpretation by CS-H; drafting and revision of the manuscript by YH-C;
and the final approval of the manuscript submitted by YL-H. YL-H and JJ-H contributed equally to the manuscript.

Conflictsof Interest
None declared.

References

1.  ChughSS, Blackshear JL, Shen WK, Hammill SC, Gersh BJ. Epidemiology and natural history of atrial fibrillation: clinical
implications. JAm Coll Cardiol 2001 Feb;37(2):371-378 [FREE Full text] [Medline: 11216949]

2. HeeringaJ, van DK, Hofman A, Kors JA, van HG, Stricker BH, et a. Prevalence, incidence and lifetime risk of atrial
fibrillation: the Rotterdam study. Eur Heart J 2006 Apr;27(8):949-953. [doi: 10.1093/eurheartj/ehi825] [Medline: 16527828]

3. GOAS, Hylek EM, Phillips KA, Chang Y, Henault LE, Selby JV, et a. Prevalence of diagnosed atrial fibrillation in adults:
national implications for rhythm management and stroke prevention: the AnTicoagulation and Risk Factorsin Atria
Fibrillation (ATRIA) Study. JAMA 2001 May 09;285(18):2370-2375. [Medline: 11343485]

4. KimE,YinX, FontesJD, Magnani JW, Lubitz SA, McManusDD, et al. Atrial fibrillation without comorbidities: prevalence,
incidence and prognosis (from the Framingham Heart Study). Am Heart J 2016 Jul;177:138-144 [FREE Full text] [doi:

10.1016/j.ahj.2016.03.023] [Medline: 27297859

5. Wang TJ, Massaro JM, Levy D, Vasan RS, Wolf PA, D'Agostino RB, et a. A risk score for predicting stroke or death in
individuals with new-onset atrial fibrillation in the community: the Framingham Heart Study. JAMA 2003 Aug
27;290(8):1049-1056. [doi: 10.1001/jama.290.8.1049] [Medline: 12941677]

6.  Wolf PA, Abbott RD, Kannel WB. Atrial fibrillation as an independent risk factor for stroke: the Framingham Study. Stroke
1991 Aug;22(8):983-988 [FREE Full text] [Medline: 1866765]

7.  Wang TJ, Larson MG, Levy D, Vasan RS, Leip EP, Wolf PA, et al. Temporal relations of atrial fibrillation and congestive
heart failure and their joint influence on mortality: the Framingham Heart Study. Circulation 2003 Jun 17;107(23):2920-2925
[FREE Full text] [doi: 10.1161/01.CIR.0000072767.89944.6E] [Medline: 12771006]

8. MiyasakaY, Barnes ME, Bailey KR, Cha SS, Gersh BJ, Seward JB, et a. Mortality trendsin patients diagnosed with first
atrial fibrillation: a 21-year community-based study. JAm Coll Cardiol 2007 Mar 06;49(9):986-992 [FREE Full text] [doi:
10.1016/j.jacc.2006.10.062] [Medline: 17336723]

9.  Feinberg WM, Blackshear JL, Laupacis A, Kronmal R, Hart RG. Prevalence, age distribution, and gender of patients with
atria fibrillation. Analysis and implications. Arch Intern Med 1995 Mar 13;155(5):469-473. [Medline: 7864703]

https://mheslth,jmir.org/2017/9/e135/ JMIR Mhealth Uhealth 2017 | vol. 5 | iss. 9 | €135 | p. 9

(page number not for citation purposes)


https://linkinghub.elsevier.com/retrieve/pii/S0735-1097(00)01107-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11216949&dopt=Abstract
http://dx.doi.org/10.1093/eurheartj/ehi825
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16527828&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11343485&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S0002-8703(16)30037-0
http://dx.doi.org/10.1016/j.ahj.2016.03.023
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27297859&dopt=Abstract
http://dx.doi.org/10.1001/jama.290.8.1049
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12941677&dopt=Abstract
http://stroke.ahajournals.org/cgi/pmidlookup?view=long&pmid=1866765
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=1866765&dopt=Abstract
http://circ.ahajournals.org/cgi/pmidlookup?view=long&pmid=12771006
http://dx.doi.org/10.1161/01.CIR.0000072767.89944.6E
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12771006&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S0735-1097(06)03025-7
http://dx.doi.org/10.1016/j.jacc.2006.10.062
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17336723&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=7864703&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR MHEALTH AND UHEALTH Chenetd

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

Lip GY, Hart RG, Conway DS. Antithrombotic therapy for atrial fibrillation. BMJ 2002 Nov 02;325(7371):1022-1025
[FREE Full text] [Medline: 12411366]

Hart RG, Pearce LA, Aguilar M1. Meta-analysis: antithrombotic therapy to prevent strokein patients who have nonvalvular
atria fibrillation. Ann Intern Med 2007 Jun 19;146(12):857-867. [Medline: 17577005]

Connolly SJ, Ezekowitz MD, Yusuf S, Eikelboom J, Oldgren J, Parekh A, et a. Dabigatran versus warfarin in patients with
atrial fibrillation. N Engl JMed 2009 Sep 17;361(12):1139-1151. [doi: 10.1056/NEJM 0a0905561] [Medline: 19717844]
Patel MR, Mahaffey KW, Garg J, Pan G, Singer DE, Hacke W, et al. Rivaroxaban versus warfarin in nonvalvular atrial
fibrillation. N Engl JMed 2011 Sep 08;365(10):883-891. [doi: 10.1056/NEJM 0a1009638] [Medline: 21830957]

Granger CB, Alexander JH, McMurray JJV, Lopes RD, Hylek EM, Hanna M, et a. Apixaban versus warfarin in patients
with atrial fibrillation. N Engl JMed 2011 Sep 15;365(11):981-992. [doi: 10.1056/NEJM 0a1107039] [Medline: 21870978]
Ruff CT, Giugliano RP, Antman EM, Crugnale SE, Bocanegra T, Mercuri M, et a. Evaluation of the novel factor Xa
inhibitor edoxaban compared with warfarin in patients with atrial fibrillation: design and rationale for the Effective
aNticoaGulation with factor xA next GEneration in Atrial Fibrillation-Thrombolysis In Myocardial Infarction study 48
(ENGAGE AF-TIMI 48). Am Heart J 2010 Oct;160(4):635-641. [doi: 10.1016/j.ahj.2010.06.042] [Medline: 20934556]
DavisRC, Hobbs FD, Kenkre JE, Roalfe AK, llesR, Lip GY, et a. Prevalence of atrial fibrillation in the general population
and in high-risk groups: the ECHOES study. Europace 2012 Nov;14(11):1553-1559. [doi: 10.1093/europace/eusO87]
[Medline: 22490371]

HobbsFD, Fitzmaurice DA, Mant J, Murray E, Jowett S, Bryan S, et al. A randomised controlled trial and cost-effectiveness
study of systematic screening (targeted and total population screening) versus routine practice for the detection of atrial
fibrillation in people aged 65 and over. The SAFE study. Health Technol Assess 2005 Oct;9(40):iii-iv, ix [FREE Full text]
[Medline: 16202350]

Kirchhof P, Benuss S, KotechaD, Ahlsson A, Atar D, Casadel B, et al. 2016 ESC Guidelines for the management of atrial
fibrillation developed in collaboration with EACTS. Eur Heart J 2016 Oct 07;37(38):2893-2962. [doi:
10.1093/eurheartj/ehw210] [Medline: 27567408]

Lowres N, Neubeck L, Redfern J, Freedman SB. Screening to identify unknown atrial fibrillation. A systematic review.
Thromb Haemost 2013 Aug;110(2):213-222. [doi: 10.1160/TH13-02-0165] [Medline: 23595785]

Aronsson M, Svennberg E, Rosengvist M, Engdahl J, Al-Khalili F, Friberg L, et al. Cost-effectiveness of mass screening
for untreated atrial fibrillation using intermittent ECG recording. Europace 2015 Jul;17(7):1023-1029. [doi:
10.1093/europace/euv083] [Medline: 25868469]

Levin L, Husberg M, Sabocinski PD, Kull VF, Friberg L, Rosenqvist M, et al. A cost-effectiveness analysis of screening
for silent atrial fibrillation after ischaemic stroke. Europace 2015 Feb;17(2):207-214. [doi: 10.1093/europace/euu213]
[Medline: 25349228]

Jacobs MS, Kaasenbrood F, Postma M J, van HM, Tieleman RG. Cost-effectiveness of screening for atria fibrillation in
primary care with a handheld, single-lead electrocardiogram device in the Netherlands. Europace 2016 Oct 12. [doi:
10.1093/europace/euw?285] [Medline: 27733465]

Verberk WJ, Omboni S, Kollias A, Stergiou GS. Screening for atria fibrillation with automated blood pressure measurement:
research evidence and practice recommendations. Int J Cardiol 2016 Jan 15;203:465-473 [FREE Full text] [doi:
10.1016/j.ijcard.2015.10.182] [Medline; 26547741)

HoY, YuJ LinY, ChenY, Huang C, Hsu T, et al. Assessment of the cost-effectiveness and clinical outcomes of a
fourth-generation synchronous tel ehealth program for the management of chronic cardiovascular disease. JMed Internet
Res 2014;16(6):e145 [FREE Full text] [doi: 10.2196/jmir.3346] [Medline: 24915187]

Chen, LinY, Hung C, Huang C, Yeih D, Chuang P, et al. Clinical outcome and cost-effectiveness of a synchronous
telehealth service for seniors and nonseniors with cardiovascular diseases: quasi-experimental study. JMed Internet Res
2013;15(4):e87 [FREE Full text] [doi: 10.2196/jmir.2091] [Medline: 23615318]

Hung C, YuJ,LinY, ChenY, Huang C, LeeJ, et a. Mortality benefit of afourth-generation synchronoustel ehealth program
for the management of chronic cardiovascular disease: alongitudinal study. JMed Internet Res 2016 May 13;18(5):e102
[FREE Full text] [doi: 10.2196/jmir.5718] [Medline: 27177497]

Kligfield P, Gettes LS, Bailey JJ, Childers R, Deal BJ, Hancock EW, American Heart Association Electrocardiography
and Arrhythmias Committee, Council on Clinical Cardiology, American College of Cardiology Foundation, Heart Rhythm
Society. Recommendationsfor the standardization and interpretation of the el ectrocardiogram: part I: the el ectrocardiogram
and its technology a scientific statement from the American Heart Association Electrocardiography and Arrhythmias
Committee, Council on Clinical Cardiology; the American College of Cardiology Foundation; and the Heart Rhythm Society
endorsed by the International Society for Computerized Electrocardiology. JAm Coll Cardiol 2007 Mar 13;49(10):1109-1127
[FREE Full text] [doi: 10.1016/j.jacc.2007.01.024] [Medline: 17349896]

Pahlm O, Haisty WK, Edenbrandt L, Wagner NB, SevillaDC, Selvester RH, et al. Evaluation of changesin standard
electrocardiographic QRS waveforms recorded from activity-compatible proximal limb lead positions. Am J Cardiol 1992
Jan 15;69(3):253-257. [Medline: 1731468]

https://mhealth,jmir.org/2017/9/135/ JMIR Mheslth Uhealth 2017 | vol. 5 | iss. 9 | €135 | p. 10

(page number not for citation purposes)


http://europepmc.org/abstract/MED/12411366
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12411366&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17577005&dopt=Abstract
http://dx.doi.org/10.1056/NEJMoa0905561
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19717844&dopt=Abstract
http://dx.doi.org/10.1056/NEJMoa1009638
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21830957&dopt=Abstract
http://dx.doi.org/10.1056/NEJMoa1107039
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21870978&dopt=Abstract
http://dx.doi.org/10.1016/j.ahj.2010.06.042
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20934556&dopt=Abstract
http://dx.doi.org/10.1093/europace/eus087
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22490371&dopt=Abstract
http://www.journalslibrary.nihr.ac.uk/hta/volume-9/issue-40
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16202350&dopt=Abstract
http://dx.doi.org/10.1093/eurheartj/ehw210
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27567408&dopt=Abstract
http://dx.doi.org/10.1160/TH13-02-0165
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23595785&dopt=Abstract
http://dx.doi.org/10.1093/europace/euv083
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25868469&dopt=Abstract
http://dx.doi.org/10.1093/europace/euu213
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25349228&dopt=Abstract
http://dx.doi.org/10.1093/europace/euw285
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27733465&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S0167-5273(15)30746-4
http://dx.doi.org/10.1016/j.ijcard.2015.10.182
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26547741&dopt=Abstract
http://www.jmir.org/2014/6/e145/
http://dx.doi.org/10.2196/jmir.3346
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24915187&dopt=Abstract
http://www.jmir.org/2013/4/e87/
http://dx.doi.org/10.2196/jmir.2091
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23615318&dopt=Abstract
http://www.jmir.org/2016/5/e102/
http://dx.doi.org/10.2196/jmir.5718
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27177497&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S0735-1097(07)00232-X
http://dx.doi.org/10.1016/j.jacc.2007.01.024
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17349896&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=1731468&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR MHEALTH AND UHEALTH Chenetd

29.

30.

31.

32.

33.

35.

36.

37.

38.

39.

40.

41.

42.

43.

HoT,Huang C, LinC, La F, Ding J,Ho Y, et a. A telesurveillance system with automatic electrocardiogram interpretation
based on support vector machine and rule-based processing. IMIR Med Inform 2015 May 07;3(2):€21 [FREE Full text]
[doi: 10.2196/medinform.4397] [Medline: 25953306]

Lip GY, Lane DA. Stroke prevention in atrial fibrillation: a systematic review. JAMA 2015 May 19;313(19):1950-1962.
[doi: 10.1001/jama.2015.4369] [Medline: 25988464]

Healey JS, Baranchuk A, Crystal E, Morillo CA, Garfinkle M, Yusuf S, et al. Prevention of atrial fibrillation with
angiotensin-converting enzyme inhibitors and angiotensin receptor blockers: ameta-analysis. JAm Coll Cardiol 2005 Jun
07;45(11):1832-1839 [FREE Full text] [doi: 10.1016/j.jacc.2004.11.070] [Medline: 15936615]

Schneider MP, Hua TA, Bohm M, Wachtell K, Kjeldsen SE, Schmieder RE. Prevention of atria fibrillation by
Renin-Angiotensin system inhibition ameta-analysis. JAm Coll Cardiol 2010 May 25;55(21):2299-2307 [FREE Full text]
[doi: 10.1016/j.jacc.2010.01.043] [Medline: 20488299]

Sanmartin M, Fraguela FF, Martin-Santos A, Moix BPR, Garcia-Ruiz A, Vazquez-Caamafio M, Grupo RIA (Registros en
InsuficienciaCardiacay Aterosclerosis). A campaign for information and diagnosis of atrial fibrillation: “ pulse week”. Rev
Esp Cardiol (Engl Ed) 2013 Jan;66(1):34-38. [doi: 10.1016/j.recesp.2012.05.012] [Medline: 22964060]

Cooke G, Doust J, Sanders S. Is pulse palpation helpful in detecting atrial fibrillation? a systematic review. J Fam Pract
2006 Feb;55(2):130-134. [Medline: 16451780]

January CT, Wann LS, Alpert JS, Calkins H, Cigarroa JE, Cleveland JC, et a. 2014 AHA/ACC/HRS guideline for the
management of patientswith atrial fibrillation: areport of the American College of Cardiol ogy/American Heart Association
Task Force on practice guidelines and the Heart Rhythm Society. Circulation 2014 Dec 02;130(23):€199-e267 [ FREE Fulll
text] [doi: 10.1161/CIR.0000000000000041] [Medline: 24682347]

Maeda K, Shimbo T, Fukui T. Cost-effectiveness of acommunity-based screening programme for chronic atrial fibrillation
in Japan. JMed Screen 2004;11(2):97-102. [doi: 10.1258/096914104774061092] [Medline: 15153326]

Willits I, Keltie K, Craig J, Sims A. WatchBP Home A for opportunistically detecting atrial fibrillation during diagnosis
and monitoring of hypertension: a NICE Medical Technology Guidance. Appl Health Econ Health Policy 2014
Jun;12(3):255-265 [FREE Full text] [doi: 10.1007/s40258-014-0096-7] [Medline: 24664995]

Desteghel, RaymaekersZ, Lutin M, Vijgen J, Dilling-Boer D, Koopman P, et al. Performance of handheld el ectrocardiogram
devicesto detect atria fibrillation in a cardiology and geriatric ward setting. Europace 2017 Jan;19(1):29-39. [doi:
10.1093/europace/euw025] [Medline: 26893496]

LewisM, Parker D, Weston C, Bowes M. Screening for atrial fibrillation: sensitivity and specificity of anew methodol ogy.
Br J Gen Pract 2011 Jan;61(582):38-39 [FREE Full text] [doi: 10.3399/bjgp11X548956] [Medline: 21401988]

Scully CG, Lee J, Meyer J, Gorbach AM, Granquist-Fraser D, Mendelson Y, et a. Physiological parameter monitoring
from optical recordings with a mobile phone. IEEE Trans Biomed Eng 2012 Feb;59(2):303-306 [FREE Full text] [doi:
10.1109/TBME.2011.2163157] [Medline: 21803676]

Chan P, Wong C, Poh YC, Pun L, Leung WW, Wong Y, et al. Diagnostic performance of a smartphone-based

photopl ethysmographic application for atrial fibrillation screening in a primary care setting. JAm Heart Assoc 2016 Jul
21;5(7):- [FREE Full text] [doi: 10.1161/JAHA.116.003428] [Medline: 27444506]

Nemati S, Ghassemi MM, Ambai V, Isakadze N, Levantsevych O, Shah A, et al. Monitoring and detecting atrial fibrillation
using wearable technology. Conf Proc |EEE Eng Med Biol Soc 2016 Aug;2016:3394-3397. [doi:
10.1109/EMBC.2016.7591456] [Medline: 28269032]

Couderc J, Kyal S, Mestha LK, Xu B, Peterson DR, Xia X, et a. Detection of atrial fibrillation using contactless facial
video monitoring. Heart Rhythm 2015 Jan;12(1):195-201. [doi: 10.1016/j.hrthm.2014.08.035] [Medline: 25179488]
Mant J, Fitzmaurice DA, Hobbs FD, Jowett S, Murray ET, Holder R, et a. Accuracy of diagnosing atrial fibrillation on
electrocardiogram by primary care practitioners and interpretative diagnostic software: analysis of data from screening for
atria fibrillation in the elderly (SAFE) trial. BMJ 2007 Aug 25;335(7616):380 [ FREE Full text] [doi:
10.1136/bmj.39227.551713.AE] [Medline: 17604299]

Abbreviations

AF: atrial fibrillation

APC: atrial premature complex

BP: blood pressure

ECG: electrocardiogram

ESC: European Society of Cardiology
NOAC: nonvitamin K antagonist oral anticoagulants
NPV: negative predictive value

NTUH: National Taiwan University Hospital
PPG: photoplethysmography

PPV: positive predictive value

SD: standard deviation

https://mheslth.jmir.org/2017/9/e135/ JMIR Mhealth Uhealth 2017 | vol. 5 |iss. 9 | €135 | p. 11

(page number not for citation purposes)


http://medinform.jmir.org/2015/2/e21/
http://dx.doi.org/10.2196/medinform.4397
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25953306&dopt=Abstract
http://dx.doi.org/10.1001/jama.2015.4369
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25988464&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S0735-1097(05)00535-8
http://dx.doi.org/10.1016/j.jacc.2004.11.070
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15936615&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S0735-1097(10)01089-2
http://dx.doi.org/10.1016/j.jacc.2010.01.043
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20488299&dopt=Abstract
http://dx.doi.org/10.1016/j.recesp.2012.05.012
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22964060&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16451780&dopt=Abstract
http://circ.ahajournals.org/cgi/pmidlookup?view=long&pmid=24682347
http://circ.ahajournals.org/cgi/pmidlookup?view=long&pmid=24682347
http://dx.doi.org/10.1161/CIR.0000000000000041
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24682347&dopt=Abstract
http://dx.doi.org/10.1258/096914104774061092
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15153326&dopt=Abstract
http://europepmc.org/abstract/MED/24664995
http://dx.doi.org/10.1007/s40258-014-0096-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24664995&dopt=Abstract
http://dx.doi.org/10.1093/europace/euw025
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26893496&dopt=Abstract
http://bjgp.org/cgi/pmidlookup?view=long&pmid=21401988
http://dx.doi.org/10.3399/bjgp11X548956
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21401988&dopt=Abstract
http://europepmc.org/abstract/MED/21803676
http://dx.doi.org/10.1109/TBME.2011.2163157
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21803676&dopt=Abstract
http://jaha.ahajournals.org/cgi/pmidlookup?view=long&pmid=27444506
http://dx.doi.org/10.1161/JAHA.116.003428
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27444506&dopt=Abstract
http://dx.doi.org/10.1109/EMBC.2016.7591456
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28269032&dopt=Abstract
http://dx.doi.org/10.1016/j.hrthm.2014.08.035
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25179488&dopt=Abstract
http://www.bmj.com/cgi/pmidlookup?view=long&pmid=17604299
http://dx.doi.org/10.1136/bmj.39227.551713.AE
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17604299&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR MHEALTH AND UHEALTH Chenetd

TELEHEALTH: Taiwan ELEctroHEALTH
VKA: vitamin K antagonists

VPC: ventricular premature complex
WLAN: wirelesslocal area network

Edited by G Eysenbach; submitted 23.06.17; peer-reviewed by L Desteghe, SOmboni, M Lang; comments to author 15.07.17; revised
version received 15.08.17; accepted 15.08.17; published 26.09.17

Please cite as:

Chen YH, Hung CS, Huang CC, Hung YC, Hwang JJ, Ho YL

Atrial Fibrillation Screening in Nonmetropolitan Areas Using a Telehealth Surveillance System W th an Embedded Cloud-Computing
Algorithm: Prospective Pilot Sudy

JMIR Mhealth Uhealth 2017;5(9):e135

URL: https://mhealth.jmir.org/2017/9/€135/

doi: 10.2196/mhealth.8290

PMID: 28951384

©Ying-Hsien Chen, Chi-Sheng Hung, Ching-Chang Huang, Yu-Chien Hung, Juey-Jen Hwang, Yi-Lwun Ho. Originally published
in IMIR Mhealth and Uhealth (http://mhealth.jmir.org), 26.09.2017. Thisis an open-access article distributed under the terms of
the Creative Commons Attribution License (https.//creativecommons.org/licenses/by/4.0/), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work, first published in IMIR mhealth and uhealth, is properly
cited. The complete bibliographic information, alink to the original publication on http://mhealth.jmir.org/, aswell asthis copyright
and license information must be included.

https://mhealth.jmir.org/2017/9/e135/ JMIR Mhealth Uhealth 2017 | vol. 5 | iss. 9| €135 | p. 12
(page number not for citation purposes)

RenderX


https://mhealth.jmir.org/2017/9/e135/
http://dx.doi.org/10.2196/mhealth.8290
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28951384&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

