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Background: To evaluate the performance of a single‑lead, 14-day continuous electrocardiogram (ECG) patch for
the detection of arrhythmias compared to conventional 24-h monitoring.
Methods: This prospective clinical trial enrolled patients suspected of arrhythmias but not diagnosed by 12‑lead
ECGs. Each patient underwent a 24-h Holter and 14-day ECG patch simultaneously. Seven types of arrhythmias
were classified: supraventricular tachycardia (SVT, repetitive atrial beats>4 beats), irregular SVTwithout Pwave
(>4 beats), AF/AFL (irregular SVT without P wave ≥30 s), pause ≥3 s, atrioventricular block (AVB; Mobitz type II,
third-degree, two to one or high degree AVB), ventricular tachycardia (VT), and polymorphic VT.
Results: A total of 158 patients were recruited (mean wear time:12.3 ± 3.2 days). The overall arrhythmia detec-
tion ratewas higherwith 14-day ECG patches (59.5%) compared to 24-hHolter (19.0%, P<0.001). Up to 87.2% of
arrhythmias recorded with 14-day ECG patches were not associated with symptoms. The 14-day ECG patch
was associatedwith higher detection rates compared to the 24-hHolter in patientswith SVT (52.5% versus 15.8%,
P < 0.001), irregular SVT without P wave (12.7% versus 4.4%, P = 0.002), AF/AFL (9.5% versus 3.8%, P = 0.042),
and critical arrhythmias (pause ≥3 s, AVB, VT, polymorphic VT) (16.5% versus 2.5%, P < 0.001). The 14-day ECG
patch detectedmore than 2 types of arrhythmias in 5.1% of patients. No serious adverse events in patients wear-
ing the 14-day ECG patch were reported.
Conclusions: The 14-day ECG patch outperformed 24-h Holter to detect overall, asymptomatic, critical and mul-
tiple arrhythmias. It is safe and has the potential to identify individuals with hidden arrhythmias, especially those
with critical arrhythmias.

© 2021 Elsevier B.V. All rights reserved.
1. Introduction

Cardiac arrhythmias encompass any slow, fast, irregular, or abnor-
mal heart rhythms, and may be caused by a multitude of mechanisms.
Some arrhythmias such as supraventricular tachycardia (SVT), atrial fi-
brillation (AF), atrial flutter (AFL), ventricular tachycardia (VT), atrio-
ventricular block (AVB), and pause can be serious and life-threatening
and lead to stroke, heart failure and even cardiac death. [1] Symptom-
atic arrhythmias can affect patients' lifestyle, quality of life, and daily ac-
tivities. [1,2] The global prevalence and cost of the most common
arrhythmias, such as AF, are expected to surge owing to factors such
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as economic growth, an aging population, and increased prevalence of
risk factors in Western countries and the Asian population. [3,4]

Ambulatory electrocardiographic (ECG) monitoring (AEM) is the
standard of care to screen symptomatic adults at high-risk of atrial
and ventricular arrhythmias. [5,6] However, direct comparison between
proprietary AEMmonitors has been associatedwith observed variations
in diagnostic yield even when the arrhythmia occurs during identical
monitoring periods. [7,8] Conventional 24-hmonitoring devices (Holter
monitors) limit the mobility of participants and often do not detect
symptomatic or clinically meaningful arrhythmias because of the rela-
tively short monitoring time. [9,10] Beyond the detection of symptom-
atic arrhythmia events, there is a growing body of evidence that
subclinical arrhythmias are oftenmissed by conventional 24-hmonitor-
ing devices. [10] Recent technologic advances in ECG recorders include
miniaturization and more efficient energy use that has facilitated the
development of wearable biosensors designed to be unobtrusive and
etection of cardiac arrhythmias utilizing 14-day continuous ECG patch
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comfortable to enable long-term cardiac arrhythmia recording. [2]
These advanced technologies, such as the Zio cardiac arrhythmia re-
cording system, can allow for greater comfort, extended periods of
ECG monitoring, and higher detection rates compared with traditional
Holter monitoring. However, most of the studies were merely focusing
on AF. [11–13] The present study aimed to evaluate the performance
of a 14-day continuous ECG patch monitor in the detection of clinically
significant arrhythmia events over the total wear time of the devices in
the clinical setting.

2. Methods

2.1. Patient enrollment and study population

This open-label prospective study was approved by the institutional
review board (IRB) of Chang Gung Medical Foundation and Veterans
General Hospital (No. SIGEZYZ20170828). The number of clinical trial
registry was NCT03602742 (Clinical Trial Registration: https://
clinicaltrials.gov/ct2/show/NCT03602742). Patients suspected of ar-
rhythmias were recruited from the cardiology outpatient department
between June 2017 and December 2018. All of the participants signed
written informed consent before enrollment into the study. Eligible par-
ticipants met all of the following criteria: (1) aged 20 years or older;
(2) visited the outpatient clinic with suspected arrhythmias but not
documented by 12‑lead ECGs; (3) assigned to wear 24-h Holter moni-
tors for suspected arrhythmias and associated signs and symptoms,
such as fatigue, palpitation, lightheadedness, dizziness, syncope or
nearly syncope, chest tightness, feeling of paused, or irregular heart-
beats as judged by physicians; and (4) able to communicatewith the in-
vestigators, and to understand and complywith the requirements of the
study, including being willing to wear ECG monitor up to 14 days.

Participants with any of the following conditions were excluded
from study participation: (1) did not have a 12‑lead ECG test result at
study onset; (2) previously confirmed any arrhythmias such as SVT,
AF, AFL, VT, AVB, or pause ≥3 s; (3) had skin-related issues that could
put patients at risk, interferewith study evaluations, or preventmeeting
the requirements of the study; (4) currently taking medication or re-
ceiving any treatment for arrhythmia within 2 weeks prior to the
screening visit; (5) currently enrolled in another trial or participated
in a previous clinical trial which may interfere with the study data
within 2 weeks prior to the screening visit; (6) pregnant; and (7) pre-
sented with hyperhidrosis.

Data regarding clinical variables, including vital signs, medical his-
tory and co-morbidities, were obtained from outpatient medical
records.

2.2. Use of monitoring devices

Eligible patients were instructed to simultaneously wear a tradi-
tional 24-h Holter monitor (GE Healthcare SEER™1000, Philips 1810
Holter, Medilog®AR4 Plus) and the 14-day ECG patch (EZYPRO®,
Sigknow Biomedical Co., Ltd., Taipei, Taiwan). Both devices were set
up and initiated at the same time, allowing for a direct comparison be-
tween the two devices during the first 24-h monitoring period. The
24-h Holter monitor was removed after 24 h, while the 14-day ECG
patch continuously monitored and recorded arrhythmic events of sub-
jects during the 14-day wear time. The 14-day ECG patch was removed
after 14 days.

The EZYPRO® cardiac arrhythmia monitoring patch is a Conformité
Européenne (CE) and Taiwan Food and Drug Administration (FDA)-ap-
proved continuously monitoring ECG recorder indicated for up to 14
days of use in asymptomatic adults or those who suffer from transient
symptoms. It is a single-use, lightweight (31 g), waterproof, single‑lead
ECG device without external leads or wires and attainable for constant
2
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ECG recordings for up to 14 days. It continuously records heart rhythms
with an event recording function that allows the patient to self-record
any symptomatic event. The self-record functionwas explained in detail
to all study participants before the start of the study. The 14-day ECG
patch was applied to the subject's left chest on clean, dry, hair-free
skin surface via its adhesion patch. The upper and lower bounds of the
patch were placed across from the clavicle to the 3rd intercostal area
and the left and right bounds of the patch were placed across from the
sternum to the left mid-clavicular line (Fig. 1A).

After completing the 14-day ECG patch recording, the subjects
returned to the hospital to remove the 14-day ECG patch, and themed-
ical staff sent the ECG recorder back to the Sigknow analysis center for
data processing and analysis. However, the ECG information recorded
by Holter is analyzed by respective software (Philips, Oxford, or GE) in
each hospital. Of them, one hundred and fourteen (72.2%) Holter re-
cordings were analyzed by Philips Zymed 1810 Holter Software, 38
(24.0%) Holter recordings were analyzed by Oxford Medilog Cardiology
information system V2.4 Software, 6 (3.8%) patients were analyzed by
GE Multi Area Reliability Simulation (MARS) Software.

The 14-day ECG patch utilized self-developed automatic ECG analy-
sis algorithm software (wearable ECG system-ECG recorder, EZYPRO®
ECG analysis system), which CE and Taiwan FDA have approved in clin-
ical application for preliminary ECG analysis. The EZYPRO®ECG analysis
system (Sigknow Biomedical Co., Ltd.) included signal preprocessing,
heartbeat, and rhythm classification. In signal preprocessing, the
bandpass filter was used to eliminate motion artifacts and high-
frequency interference. Noise analysis can be assisted by software filter-
ing function, demyoelectronic function, and G-sensor to discriminate
symptoms or noises. And then, morphology-based features were used
for heartbeat classification, and heart rate irregularity was used for
heart rhythm classification. The trained and qualified technician ana-
lyzed and edited all the ECG data and selected the arrhythmia strips to
be present in the preliminary report. Finally, the report was reviewed
and confirmed by at least one cardiologist in each hospital (Supplemen-
tary Fig. 1). Based on the complexity of ECG tracings, the analysis time of
each ECG report is about 2.5 to 6 h.

2.3. Arrhythmia events measurement

The arrhythmic events were defined as the previous publication,
2015 American Heart Association/American College of Cardiology/
Heart Rhythm Society (AHA/ACC/HRS) and 2019/2020 European Soci-
ety of Cardiology (ESC) guidelines. [7,14–17] A patient was considered
to have an arrhythmia if any one of seven types of arrhythmiaswere de-
tected: SVT (defined as repetitive atrial beats or tachycardias >4 beats
with atrial rates above 100 beats per minute, except irregular SVTwith-
out discernible P wave), irregular SVT without discernible P wave (>4
beats), pause ≥3 s, AVB (Mobitz type II, third-degree, two to one or
high degree AVB), VT (>4 beats), or polymorphic VT (Supplementary
Fig. 2). Among ECG tracings with irregular SVT without discernible P
wave, a duration of at least 30 swas further defined as AF or AFL. Critical
arrhythmias were defined as the cardiac arrhythmias that included a
pause ≥3 s, AVB, VT, or polymorphic VT which could be
life-threatening. The data was collected and documented by the investi-
gators and analyzed using the 14-day EZYPRO® analysis system. Ar-
rhythmia events that were recorded by the patient's self-activated
function were collected and compared between the 14-day ECG patch
and 24-h Holter monitor.

2.4. Assessment of skin irritation

Skin irritation was assessed after the removal of the 14-day ECG
patch using an 8-point scale (0=no evidence of irritation; 1=minimal
erythema, barely perceptible; 2 = definite erythema, readily visible;
 University from ClinicalKey.com by Elsevier on April 28, 
on. Copyright ©2021. Elsevier Inc. All rights reserved.
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Fig. 1. The cardiac ECGmonitors and the detection rates of arrhythmic events in patientswith any one of the seven types of arrhythmias.A. The 14-day ECGpatch cardiacmonitor and 24-h
Holter monitor. B. The overall detection rate among 14-day ECG patch and 24-h Holter. C. The detection rate among self-activated recorded events and total events detected by a 14-day
ECG patch. Abbreviation: ECG, electrocardiogram. *Indicate statistically significant difference between 14-day ECG patch and 24-h Holter. **Indicate statistically significant difference
between self-activated recorded events and total events.

Table 1
Participant baseline characteristics.

Variables Total (N = 158)

Wear days 12.3 ± 3.2
Analyzable days 11.4 ± 3.6
Sex
Female, n (%) 80 (50.6)
Male, n (%) 78 (49.4)

Age, years 55.2 ± 17.2
BMI, kg/m2 24.4 ± 4.1
Heart rate, beats/min 75.8 ± 9.2
Blood pressure, mmHg
Systolic 128.4 ± 19.3
Diastolic 79.8 ± 13.8

Medical history
Hypertension, n (%) 40 (25.3)
Diabetes mellitus, n (%) 14 (8.9)
CHF, n (%) 3 (1.9)
Stroke, n (%) 5 (3.2)
Transient ischemic attack, n (%) 1 (0.6)

Values are numbers (percentage) or mean ± standard deviation.
Abbreviation: BMI, body mass index; CHF, congestive heart failure.
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minimal edema or minimal papular response; 3 = erythema and
papules; 4 = definite edema; 5 = erythema, edema, and papules;
6 = vesicular eruption; 7 = strong reaction spreading beyond the test
site).

2.5. Primary endpoint

The primary goal of the study was to compare the performance be-
tween the14-day ECG patch and a 24-h Holter monitor in the detection
of arrhythmias over total wear time.

2.6. Secondary endpoints

The secondary endpoints included: (1) rate of asymptomatic ar-
rhythmias over the 14-day total wear time; (2) occurrence rate of spe-
cific types of arrhythmias, including individual arrhythmia and critical
arrhythmias, between the 14-day ECG patch and 24-h Holter monitor
devices; (3) detection rate of the number of types of arrhythmias be-
tween 14-day ECG patch and 24-h Holter monitor devices over the
total wear time; (4) safety issues in terms of adverse events (including
serious adverse events and skin irritation) over the study period. The se-
rious adverse events were defined as a skin irritation response score ≥ 6.

2.7. Statistical analysis

Categorical variables were presented as numbers and percentages,
while continuous variables were presented as mean and standard devi-
ation. McNemar's tests were used to compare thematched pairs of data
from the 24-h Holter and 14-day ECG patch monitor. Continuous and
categorical variables were compared using the student's t-test and
Pearson's chi-square test with Yates' correction, respectively. All P
values were 2-sided, and values of P < 0.05 indicated statistical signifi-
cance. All statistical analyses were performed in R Studio (version
1.2.1) utilizing the R statistical language version 3.6.0. All charts were
also produced in R Studio.
3
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3. Results

3.1. Participant demographics

A total of 158 eligible participants met the enrollment criteria. Pa-
tient demographics and clinical characteristics are summarized in
Table 1. The mean wear time and mean analyzable data of the 14-day
ECG patch were 12.3 ± 3.2 days and 11.4 ± 3.6 days, respectively.
78.5% of patientswore the 14-day ECG patch for>10 days. One hundred
and twelve (70.9%) patients completed 14-days of monitoring and 46
(29.1%) patients did not. For those who cannot wear 14-day ECG
patch for 14 days or close to 14 days, the reasons included itchy skin,
local sweating resulting in the 14-day ECG patch to detach early,
needs to take a plane or take other examinations to avoid interference,
 University from ClinicalKey.com by Elsevier on April 28, 
on. Copyright ©2021. Elsevier Inc. All rights reserved.
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subjects requesting for interpreting ECG data early, and early removal of
the 14-day ECG patch due to emergencies (such as syncope for first aid).

3.2. 14-day ECG patch and 24-h Holter monitor detection performance

The percentage of unanalyzable ECG data per day in 14-day ECG
patch was constant during the first day to the fourteenth day from
1.58 to 5.95% (Supplementary Fig. 3). The quality of ECG data was con-
sistent and stable during the recordings of 14 days.

3.2.1. All arrhythmias
A total of 94 (59.5%) patients had an arrhythmia (any 1 of the 7 types

of arrhythmias). The arrhythmia detection ratewas significantly greater
with the 14-day ECG patch than the 24-h Holter monitor (14-day ECG
patch versus 24-h Holter: 59.5% versus 19.0%, P < 0.001) (Fig. 1B).
Fig. 2. The detection and cumulative rates of arrhythmias among participants with the 14-day E
SVTwithout discernible Pwave. C.Thedetection rate for critical arrhythmias.D.The cumulative
of irregular SVT without discernible P wave identified by 14-day ECG patches according to w
according to wear time. The critical arrhythmias included pause ≥3 s, AVB (Mobitz type II, th
threatening. Abbreviation: AVB, atrioventricular block; ECG, electrocardiogram; SVT, suprave
week ECG monitoring and 24-h Holter (P < 0.05). b Indicates the comparison between 2-wee
1-week ECG monitoring (P < 0.05).

4
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3.2.2. Asymptomatic arrhythmias
Twelve (7.6%) patients were self-aware and activated the 14-day

ECG patch recorder due to symptoms of the arrhythmic events,
significantly lower than the total arrhythmic events recorded by the
14-day ECG patch (self-activated versus total events: 7.6% versus
59.5%, P<0.001) (Fig. 1C). Among the 94patients inwhomarrhythmias
were detected, 82 (87.2%) patients were unaware of the occurrence of
arrhythmic events and did not activate the recorder.

3.2.3. The specific type of arrhythmias
The 14-day ECG patch identified a significantly greater occur-

rence rate of arrhythmias in patients with SVT (52.5% versus
15.8%, P < 0.001), irregular SVT without discernible P wave (12.7%
versus 4.4%, P = 0.002), and critical arrhythmias (16.5% versus
2.5%, P < 0.001) compared with 24-h Holter monitor, respectively
CG patch and 24-h Holter. A. The detection rate for SVT. B. The detection rate for irregular
rate of SVT identifiedby14-day ECGpatches according towear time.E.The cumulative rate
ear time. F. The cumulative rate of critical arrhythmias identified by 14-day ECG patches
ird-degree, two to one or high degree AVB), VT, or polymorphic VT which could be life-
ntricular tachycardia; VT, ventricular tachycardia. a Indicates the comparison between 2-
k and 3-day ECG monitoring (P < 0.05). c Indicates the comparison between 2-week and
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Table 2
Adverse events of continuous 14-day ECG patch monitoring.

Variables Total (N = 158)

aSerious adverse events 0
Skin irritation response score, mean 1.5 ± 0.8
0 (No evidence of irritation) 17 (10.8)
1 (Minimal erythema, barely perceptible) 69 (43.6)
2 (Definite erythema, readily visible; minimal edema or
minimal papular response)

55 (34.8)

3 (Erythema and papules) 17 (10.8)
4 (Definite edema) 0
5 (Erythema, edema, and papules) 0
6 (Vesicular eruption) 0
7 (Strong reaction spreading beyond test site) 0

Values are numbers (percentage) or mean ± standard deviation.
Abbreviation: ECG, electrocardiogram.

a The serious adverse events were defined as scores of skin irritation response ≥6.
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(Fig. 2A-2C). Among episodes of irregular SVT without discernible
P wave, there were 85.7% (6/7) and 75.0% (15/20) patients with
events longer than 30 s in 24-h Holter and 14-day ECG patch,
respectively, which were defined as AF or AFL. In general, the
14-day ECG patch also recognized higher AF/AFL (9.5% versus 3.8%,
P = 0.042) episodes in comparison with 24-h Holter (Supplemen-
tary Fig. 4). Increased wear time was associated with significantly
greater arrhythmia detection. For SVT recorded using the 14-day
ECG patch, an increased occurrence of SVT was detected over
2-weeks compared with 3-days (2-week versus 3-day: 52.5% versus
35.4%, P < 0.001) and 1-week monitoring (2-week versus 1-week:
52.5% versus 48.7%, P = 0.041) (Fig. 2A), respectively. For irregular
SVT without discernible P wave recorded using the 14-day ECG
patch, an increased occurrence of irregular SVT without discernible
P wave was detected over 2-weeks compared with 3-days (2-week
versus 3-day: 12.7% versus 7.6%, P = 0.013). However, the
occurrence of irregular SVT without discernible P wave was similar
to 2-week monitoring when compared to 1-week (2-week versus
1-week: 12.7% versus 10.1%, P = 0.133) (Fig. 2B). Among episodes
of irregular SVT without discernible P wave, however, the occur-
rence of AF/AFL was similar to 2-week monitoring when compared
with 3-days (2-week versus 3-day: 9.5% versus 7.0%, P = 0.413)
and 1-week (2-week versus 1-week: 9.5% versus 8.9%, P = 0.846),
respectively (Supplementary Fig. 4). For critical arrhythmias re-
corded using the 14-day ECG patch, an increased occurrence of crit-
ical arrhythmias was detected over 2-weeks compared with 3-days
(2-week versus 3-day: 16.5% versus 10.1%, P = 0.004) and 1-week
(2-week versus 1-week: 16.5% versus 12.7%, P = 0.041), respec-
tively (Fig. 2C).

Further analysis was performed to determine the wear time (days)
required for the 14-day ECG patch to detect most of the arrhythmias
(above 90%). The detection rate for SVT was greater than 90% when
wear timewas longer than 6.4 days (Fig. 2D). For irregular SVT without
discernible P wave and critical arrhythmias, the detection rate was
greater than 90% when wear time was longer than 10.0 and 10.2 days,
respectively (Fig. 2E and F).

3.2.4. Number of arrhythmic types
The 14-day ECG patch detected a significantly higher occurrence

rate of arrhythmias in patients with one type of arrhythmia (41.8%
versus 15.2%, P < 0.001), two types of arrhythmias (12.7% versus
3.8%, P = 0.004), and three or four arrhythmias (5.1% versus 0.0%,
P = 0.013) compared to the 24-h Holter monitoring, respectively
(Supplementary Fig. 5). The 14-day ECG patch monitor detected pa-
tients with three (3.8%) and four types of arrhythmias (1.3%), while
the 24-h Holter monitor did not identify any patients with more
than two types of arrhythmias (Supplementary Fig. 5).

3.3. Adverse events associated with 14-day ECG patch monitoring

Therewere no serious adverse events reported during the study. The
mean skin irritation score was 1.5 ± 0.8 for the 14-day ECG patch. Most
patients wearing the 14-day ECG patches had barely perceptible ery-
thema (43.6%) or visible erythema and minimal edema/papular re-
sponse (34.8%). The range of skin irritation scores for the 14-days ECG
patch was 0–3 (Table 2).

3.4. Satisfaction survey

The satisfaction survey for the overall satisfaction during wear
time was conducted in each patient after the study. A total of 155
(98.1%) patients fulfilled the questionnaires. There was a higher per-
centage of patients who were satisfied with 14-day ECG patch com-
pared to 24-h Holter (14-day ECG patch versus 24-h Holter: 91.6%
versus 69.0%, P < 0.001) (Supplementary Fig. 6).
5
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4. Discussion

4.1. Main findings

The 14-day ECG patch demonstrated a higher detection rate of SVT,
irregular SVT without discernible P wave, AF/AFL, and critical arrhyth-
mias and is capable of detecting multiple arrhythmias compared with
a 24-h Holter monitor because of prolonged recording time. Among pa-
tients with arrhythmias, most of them (87.2%) were asymptomatic or
displayed very mild symptoms and were unable to recognize by them-
selves. Among those patientswith recorded arrhythmias,most of the ar-
rhythmias (up to 90%) can be detected if ECG recording was prolonged
above 11 days. The extended, up to 14 days, recording time is necessary
for the detection of arrhythmias in patients who are suspected of ar-
rhythmias, but were not recorded using a 24-h Holter monitor. There
was also no serious adverse event in patients wearing the 14-day ECG
patch.
4.2. 14-day continuous ECG monitoring detected hidden arrhythmias

Previous publications have reported 20%–30% of individuals with AF
were asymptomatic, [18] and a substantial number of these patients
were undiagnosed and untreated. [19,20] Early detection and treatment
of AF are critical to reducing the considerable morbidity and mortality
associated with such a prevalent condition. [21] While recent evidence
has demonstrated that extendedmonitoringmay be useful to detect ar-
rhythmias in high-risk populations, such as those with a history of is-
chemic stroke, these studies focused primarily on identifying AF.
[22,23] There is a paucity of empirical evidence describing the impact
and diagnostic yield of extended and continuous monitoring for other
clinically meaningful arrhythmias in addition to AF.

Compared with other existing methods for cardiac monitoring that
primarily focused on detection of AF, [24] the 14-day ECG patch can de-
tect at least 7 distinct types of arrhythmias. The present study reported
the detection rates for various arrhythmias over a 14-day recording pe-
riod, including SVT, irregular SVT without discernible P wave, AF/AFL,
VT, polymorphic VT, AVB, and pause. By a thorough literature review,
previous studies have reported incremental detection of clinically rele-
vant arrhythmic events when the duration of monitoring was greater
than 24 h as part of a 14-day monitoring period (e.g., Zio, Cardiostat
or Nuvant patches). [24–28] In addition to similar results of enhanced
arrhythmic detection rates, we have expanded on previous findings
and comprehensively raised several issues to demonstrate the impor-
tance of extended ECG monitoring up to 14 days with novelty. Firstly,
the detection rates of SVT and critical arrhythmias were significantly
higher in 2-weeks than 1-week recordings. Most (up to 90%) of the
recorded arrhythmias can be detected if ECG recording was expanded
 University from ClinicalKey.com by Elsevier on April 28, 
on. Copyright ©2021. Elsevier Inc. All rights reserved.
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between 7 and 14 days. Secondly, continuous recording is better than
self-activated recording because above 50% of patientswere asymptom-
atic. Thirdly, our study also demonstrated that a 14-day ECG patch was
able to detect the occurrence of 3 or 4 different types of arrhythmias in
5.1% of all participants. The 24-h Holter monitor, however, did not de-
tect more than 2 different types of arrhythmias in any participants. For
the first time, our results suggested that prolonged ECG monitoring up
to 14-days allows for the comprehensive detection of multiple and con-
current arrhythmias.

According to the 2017 ACC-AHA-HRS Task Force on Clinical Practice
Guidelines and 2018 ESC Guidelines on syncope, the performance of
noninvasive prolonged ECGmonitoring (external or implantable) in pa-
tients with recurrent unexplained syncope was recommended to sup-
port and guide diagnosis. [29,30] Similarly, our extended 14-day
continuous ECG monitoring resulted in a greater detection rate of criti-
cal arrhythmias, including pause, which is the primary cause of cardio-
genic syncope. Based on these findings, we recommend prolonged
ECG monitoring for 14 days in patients suspected of arrhythmias, but
whowere not monitored using a 24-h Holter. The extendedmonitoring
provides additional opportunity to detect hidden arrhythmias and to
allow patients to receive potentially life-saving therapy.

4.3. Continuous ECG recording is superior to self/patient-activated event
recording

Prolonged ambulatory ECG monitoring provides incremental detec-
tion of potentially clinically relevant arrhythmic events that were not
identified utilizing ECGmonitoring in a short period. [25] The recording
mode of the device, whether patient-activated or automatic/continuous
affects the detection yield of arrhythmic events. Reiffel et al. reported
that the diagnostic yield of an arrhythmic event using an auto-
triggered memory loop recorder is at least 2 times greater than that of
a patient-activated event recorder (36% versus 17%). [9] Our study
also demonstrated that greater than 50% of participants with arrhyth-
mias were not identified using the self-activated recording, which
may be due to several reasons. Firstly, patients have to be aware of the
symptomsof arrhythmias in order to self-activate and asymptomatic ar-
rhythmias often go unnoticed. Secondly, patientswho are aware of their
symptomsmay not be able to initiate the recording at the time of event
onset. This may be due to several factors, one of which is consideration
regarding patientmobility. These are the primary disadvantage of a self-
activated event recorder compared with a continuous ECG monitor,
which collectively pose risks that may lead to missed diagnoses.

4.4. 14-day of continuous ECG monitoring did not compromise patient
compliance

Previous studies have suggested that traditional 24-h Holter moni-
toring is not sufficiently long enough to detect many types of arrhyth-
mias. [11–13,31–33] The development of an ECG patch allows for
continuous long-term uninterrupted cardiac recording and provides
improved arrhythmia detection rates and greater convenience com-
pared with other recording options. Patient compliance during long-
term continuous monitoring has to be taken into consideration when
evaluating the performance of such devices, as compliance is a funda-
mental indicator of the user experience and it can also affect arrhythmia
detection rate. Chua et al. has reported that the single‑lead 14-day ECG
patch can be toleratedwell and allowed for prolonged continuousmon-
itoring than the 24-h Holter monitor in adults. [34] Bolourchi et al. also
addressed that because of the wireless design and ability to shower, the
14-day ECG patch comes into favor with children suspected of arrhyth-
mias. [35] However, the performance of such devices has been evalu-
ated mostly in the United Kingdom and the United States, where the
climate and humidity are different from that of Asian countries. A sys-
temic review of 13 studies reported that the prescribed recording time
was 14 days with the Zio patch, however the actual patient unweighted
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mean wear time was 10.4 days (weighted: 9.5 days; media ranging
from 5 to 14 days). [36] Compared with other continuous monitoring
options, the 14-day ECG patch in the present study demonstrated
higher patient compliance. In our study, a total of 78.5% of the patients
wore the patch for more than 10 days, with an average wear time of
12.3 days. In addition, there were no serious adverse events during
the total wear time in the present study. Overall, these results suggest
that the 14-day ECG patch is safe and tolerable for patients to wear for
a prolonged period, thus providing continuous monitoring and im-
proved probability for accurate recording of arrhythmias.

4.5. Limitations

Data on clinical outcomes following monitoring in the participants
were not available, so the direct clinical impact from the detection of ar-
rhythmias identified by monitors in our study could not be delineated.
Although all the patients wore 24-h Holter and 14-day ECG patches,
the skin irritation score was only recorded after take-off of the 14-day
ECG patch but not after take-off of the 24-h Holter device. The skin irri-
gation score cannot be compared between 24-h Holter and 14-day ECG
patch. Even though the satisfaction measurement is higher for 14-day
ECG patch, we did not investigate the question about the willing to re-
wear both devices if needed. In themain text,we analyzed the detection
rate of irregular SVT without discernible P wave between 24-h Holter
and 14-day ECG patch. However, the clinical significance remained un-
known. Although a retrospective study demonstrated that short irregu-
lar SVT without P wave (< 30 s) likely represented early stages of AF or
atrial myopathy and was associated with incident AF and ischemic
stroke, [17] further prospective studies are required to validate this
finding.

5. Conclusions

The 14-day ECG patch outperformed 24-h Holter monitoring in the
detection of overall, asymptomatic, critical, and multiple arrhythmias.
It is a safe option for extended ECGmonitoring and provides the oppor-
tunity to identify individuals with hidden arrhythmias, especially those
with critical arrhythmias. The extended recording time, up to 14 days
with the 14-day ECG patch is necessary for the detection of arrhythmias
in patients suspected of arrhythmias who were not identified using
24-h Holter monitors.
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