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Abstract

In this paper, we show that the limitations of Holter monitoring and Wearable Electrocardiogarphy Devices
and their arrhythmia detection. Sudden death caused by cardiovascular disease, often referred to as the “silent
killer” due to its unpredictable nature, is a major health concern. Electrocardiography (ECG) is a basic
diagnostic tool for detecting heart disease, but its limitations make it difficult to detect arrhythmia, a significant
indicator of an irregular heart state. To address this limitation, a long-term continuous ECG recording device
has been developed, Holter ECG device and wearable device. A significant number of studies have focused on
the differences between Holter monitoring and wearable devices. The Holter tests were useful for detecting
regularly occurring arrhythmias, whereas wearable patches were better at detecting random and infrequent
arrhythmias. Wearable patches were effective in detecting episodes of arrhythmia and myocardial ischemia.
Despite the concern, wearable devices had less signal loss than Holter monitoring and patients also preferred
wearable devices over Holter monitoring due to convenience. These results could mean that the wearable
devices can perfectly replace the Holter test.
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1. INTRODUCTION

Sudden and unpredictable death caused by cardiovascular disease is a growing health concern. It is often
the first sign of cardiovascular disease and is commonly known as a “silent killer.” To prevent sudden death
due to cardiovascular disease, it is necessary to permanently monitor heart activity, for which heart-related
testing is necessary. Electrocardiography (ECG) is the most accessible diagnostic test for heart disease. ECG
measures the electrical activity of the myocardium by recording it via electrodes placed on the thorax. The
action potential from the contraction and relaxation of the myocardium is transmitted, and the potential
difference is recorded by the electrodes depending on their position on the body. The waveform recorded based
on the electrical changes that occur in cardiomyocytes is called an electrocardiogram.
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ECG is the simplest test used to detect heart disease, particularly arrhythmia, myocardial ischemia, angina
pectoris, and myocardial infarction. However, arrhythmia is difficult to detect with a short ECG test. If not
detected within 3-5 min of the test, the result may be read as normal sinus rhythm. Furthermore, if arrhythmia
is not detected during the test despite the patient experiencing chest pain, it is difficult to determine the cause
using only a short ECG test. To overcome this disadvantage, a long-term continuous ECG recording device
was developed, called the Holter ECG device, which is used to measure the heart’s electrical activity during
the patients’ daily activities for 24 or 48 h.

Arrhythmia is a very common phenomenon that occurs not only among patients with cardiovascular disease,
but also among healthy people. Atrial fibrillation (AF) and malignant ventricular arrhythmia are typically
associated with clinical symptoms. Early detection of AF is important for the effective treatment and
prevention of complications, such as arrhythmia. Malignant ventricular arrhythmias account for 5% of all
cardiac arrhythmias and are associated with serious clinical symptoms. Recent studies have shown that
premature ventricular contractions (PVCs) play a role in inducing fatal ventricular arrhythmias, such as
ventricular tachycardia or ventricular fibrillation.[1] Therefore, early diagnosis of PVC and AF is particularly
important in patients with acute myocardial infarction and heart failure.

The Holter ECG device has the advantage of being portable but with many limitations, such as the inability
to withstand water and that intense exercise can cause noise and affect its interpretation.[2] In addition,
disposable silver chloride (Ag/AgCl) electrodes, which are most commonly used in Holter monitoring, detach
frequently, thus rendering accurate measurements difficult. This constant detachment can cause discomfort to
the user and may cause damage to the skin.[3] In recent years, waterproof smart watches and wearable patches
with fewer activity restrictions were being released. Wrist-wearable devices are currently popular and provide
heart rate monitoring through photoplethysmography (PPG) technology. By measuring the heartbeat signal,
each peak of a pulse is interpreted as an R-wave, which represents a single heartbeat, which is then converted
into the next heart rate. This PPG technology allows for the accurate measurement of heart rate and can also
be used to diagnose AF.[4] Therefore, through this review, we aim to investigate the differences between
hospital-prescribed Holter monitoring and wearable patches for long-term electrocardiogram (ECG)
monitoring in South Korea. Additionally, we will present the limitations and potential improvements of
wearable patches currently in use, based on various research examples.

2. THEORY

Rather than using only one method to monitor heart activity, it is necessary to use multiple types of ECG
devices in combination. To understand the differences between Holter monitors and wearables, studies in
which the same patient was simultaneously tested using both devices were searched. Among these, studies
analyzing differences in activity restrictions perceived by the subjects were examined, as wearable ECG
devices were developed to compensate for the lack of mobility of the Holter monitor. These differences in
activity constraints were classified based on studies that investigated them through patient interviews and
surveys. When the patient moves, noise and distortion can occur on ECG owing to changes in the electrode
contact impedance with the skin. Studies analyzing the impact of noise on ECG interpretation and possibility
of analysis errors were identified.

3. EXPERIMENTS

3.1 Study Subijects

Studies about the Holter examination method and wearable ECG patches were searched in PubMed, the
National Assembly Library, the Dankook University Yulgok Library Database, and the Journal of Alternative
& Complementary Medicine. The following search terms related to ECG examination were used: “ECG,”
“Holter,” and “wearable ECG.” Original papers that were not relevant to the purpose of this study were
excluded. A total of 25 papers were selected.
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3.2 Classification of Studies

Each study was classified according to the desired results of the Holter and wearable ECG examinations
into one of three categories: artifacts, arrhythmia detection, or device features.

3.2.1 Artifacts

Because the development of technology and science has continued, studies on wearable ECG devices since
2013, including those that have examined wearable patches that have been released after that time, and studies
that have compared Holter examinations with wearable ECG devices were included. A total of 23 studies were
selected.

3.2.2 Arrhythmia Detection

As the purpose of this study was to analyze methods for detection of cardiac arrhythmia, studies analyzing
devices from the perspective of detecting arrhythmia were examined. Ten studies were selected.

3.2.3 Device Features

As many wearable ECG-related devices are currently in the market, studies analyzing the advantages and
disadvantages of each device according to their characteristics were included. A total of 20 studies were
selected for this review.

4. RESULTS AND DISCUSSION
4.1 Artifacts

The main problem with ECG recordings is the extraction of high-resolution signals from the recordings with
background noise.[5] This background noise is called an ECG artifact or artificial product. Unlike
electrocardiograms that can be examined by removing artifacts, Holter and wearable electrocardiograms must
be read when an artifact occurs; therefore, the presence or absence of artifacts is very important for interpreting
electrocardiograms.[6][7] Artifacts were compared among the 23 studies. As a result, there were fewer artifacts
in ECG tests using wearable patches than in Holter tests, and serious noise that interfered with appropriate
interpretation was more common in Holter tests than in wearable tests.[8][9][10]

4.2  Arrhythmia Detection

Because the main purpose of both the Holter and wearable patch tests is to detect arrhythmias, it is important
to determine how well arrhythmias detected during the test period can be interpreted. Studies on arrhythmia
detection were selected from the 10 studies. The Holter tests were useful for detecting regularly occurring
arrhythmias, whereas wearable patches were better at detecting random and infrequent arrhythmias.[11]
Wearable patches were very effective in detecting episodes of arrhythmia and myocardial ischemia. The
diagnostic accuracy of wearable patches was higher than that of Holter tests; however, for atrioventricular
block and sinus pause, Holter tests were more accurate than wearable patches. AF diagnosis was more accurate
with wearable patches than with Holter tests, and the ability to detect ST depression, a sign of ischemia, is still
controversial for both Holter and wearable patch tests.[12]

4.3 Device Features

Signal loss, which means no recording owing to mechanical defects, occurred only with Holter tests,
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resulting in a signal loss rate of 9.4%. All types of wearable ECG devices were more expensive than Holter
tests. After completion of the 20 studies, patient satisfaction with the test was evaluated by conducting surveys
and interviews with patients.[14][15][16][17][18] As a result, it was unanimous that wearable patches that
were not connected by wires were more convenient than Holter tests. Patients preferred wearable patches that
allowed bathing and imposed fewer restrictions on their daily lives.[19]

4.4 Discussion

Holter monitoring and the use of wearable ECG devices have advantages and limitations. When selecting a
suitable heart monitoring method for a patient, it is important to consider these factors. Holter monitoring is
still considered a gold standard for detecting and diagnosing arrhythmias, although wearable ECG devices
have been developed as a convenient and practical alternative for long-term monitoring of heart activity.
Nonetheless, wearable ECG devices are associated with certain risks and limitations. It is important to examine
how a patient uses a specific device during the test because this is crucial for detecting arrhythmias. [20]

After examining the available literature on wearable ECG devices, we determined that the following
research is needed in the future. In terms of accuracy and reliability, future studies should evaluate the
sensitivity and specificity of the devices for detecting various types of arrhythmias and other cardiac
abnormalities.[21] In terms of clinical usefulness, wearable ECG devices should be evaluated to determine
their effectiveness in managing various cardiac conditions. Future studies should also evaluate the impact of
using wearable ECG devices for patient outcomes, such as reduced hospitalization rates, improved quality of
life, and reduced medical costs. Moreover, further research is needed to determine the potential benefits of
combining the use of wearable ECG devices with other technologies, such as artificial intelligence and machine
learning algorithms, to improve diagnostic accuracy and personalized treatment.

5. CONCLUSION

Holter monitoring is still considered a good standard for detecting and diagnosing arrhythmias, although
wearable ECG devices have been developed as a convenient and practical alternative for long-term monitoring
of heart activity. Comparing the use of a wearable ECG device with Holter monitoring should be performed
in a larger number of people, particularly patients with a specific cardiac disease or a history of paroxysmal
diseases, such as paroxysmal supraventricular tachycardia or paroxysmal atrial fibrillation.

Based on our review, it was concluded that the use of wearable ECG devices can sufficiently replace Holter
monitoring. The long-term monitored content can be reviewed using computer-aided analysis.[22] However,
computer-aided analysis algorithms are only capable of analyzing electrocardiograms without artifacts.
Therefore, they are not suitable for handling artifacts caused by movement during wearable use. Hence, all the
artifacts that may occur during movement must be learned.
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