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A B S T R A C T

Holter electrocardiogram monitoring devices play a crucial role in assessing 24-hour heart rate and
rhythm, aiding clinicians in evaluating underlying disorders, including arrhythmias. These devices have
demonstrated significant clinical importance across various events, both cardiac and non-cardiac, since
their inception. They’ve revolutionized how healthcare settings monitor cardiac rhythm and associated
abnormalities, offering numerous applications and clinical benefits. Evidence underscores their efficacy
in diagnosing and monitoring cardiac arrhythmias and other cardiovascular conditions, thereby improving
patient prognosis and management.
It’s noteworthy that primary healthcare physicians should remain vigilant as many patients may harbor
asymptomatic cardiac arrhythmias. However, there’s a scarcity of studies adequately assessing these
arrhythmias in non-cardiac populations, emphasizing the need for further investigation. Through this
literature review, we aim to explore the indications, contraindications, and clinical significance of utilizing
Holter monitoring devices, drawing insights from relevant studies in the field.
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1. Introduction

The advent of the string galvanometer, pioneered by
Einthoven in 1893, marked a significant milestone as
the first cardiogram monitoring device.1 Following
this breakthrough, Norman J. Holter and his team
developed the Holter monitoring device, introducing an
ambulatory electrocardiographic system. This innovation
revolutionized cardiovascular care by enabling the
diagnosis and continuous monitoring of various cardiac
conditions, thereby improving healthcare outcomes.
Utilizing galvanometer principles, the Holter device
conducts electrocardiograms on patients during their daily
activities. Over time, numerous approaches have been
explored to enhance the quality of these modalities, aiming
to achieve superior outcomes.2
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Since its inception, the Holter monitoring device has
sparked numerous applications and clinical advantages,
fundamentally altering the approach of healthcare
settings toward cardiac rhythm monitoring and associated
abnormalities. Moreover, its utilization in cardiac settings
has been linked to favourable outcomes, including reduced
mortality and morbidity risks.3 Additionally, emerging
evidence suggests its potential utility in non-cardiac
settings. Consequently, our literature review aims to
delve into the indications, contraindications, and clinical
significance of employing the Holter monitoring device,
drawing insights from pertinent studies in the field.2
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2. Methods

For this literature review, a comprehensive search
was conducted across Medline, Cochrane, and EMBASE
databases on April (1- 15), 2024. Medical subject
headings (MeSH) and relevant terms were utilized to
ensure inclusivity. To minimize the risk of overlooking
relevant studies, additional manual searches were conducted
using Google Scholar and by reviewing the reference
lists of initially selected papers. Papers addressing the
indications, contraindications, and clinical significance of
the Holter monitoring device were meticulously screened
for pertinent information. No restrictions were imposed
regarding publication date, language, participant age, or
publication type, ensuring a thorough examination of the
available literature.

2.1. Inclusion criteria

Peer-reviewed articles on Holter monitoring’s clinical
applications, outcomes, and limitations. Research focusing
on cardiac arrhythmias, risk stratification, or therapy
monitoring. Global studies in English or with accessible
translations.

2.2. Exclusion criteria

Editorials, opinion pieces, or non-research articles. Studies
unrelated to Holter monitoring or focused on alternative
devices without comparison. Non-English articles without
translations and duplicate publications. This ensures
a comprehensive and focused bibliometric analysis of
relevant, high-quality literature.

3. Discussion

3.1. Indication and clinical significance

Evidence underscores the utility of Holter monitoring
devices in appropriate patient populations, demonstrating
high efficacy in diagnosing and monitoring cardiac
arrhythmias and various cardiovascular conditions. This
capability significantly improves the prognosis and
management of cardiovascular patients. Primary healthcare
physicians must remain vigilant, as many patients may
present with asymptomatic cardiac arrhythmias. Thus,
maintaining a high index of suspicion is crucial for optimal
patient care, especially for those at high risk.4

Early diagnosis of cardiovascular events through
adequate monitoring of high-risk populations leads to a
substantial enhancement in patient care. This improvement
is attributed to the ability to implement timely interventional
approaches and pharmacological treatments, resulting in a
significant reduction in morbidity and mortality rates. The
effective utilization of Holter monitoring devices plays a
pivotal role in facilitating early and prompt management
and interventions for patients with arrhythmias and other
cardiovascular events.2,5,6

Studies suggest a lack of clear recommendations
across the literature regarding the identification of patients
who might benefit from ambulatory electrocardiogram
monitoring or Holter monitoring. However, it’s important
to note that current recommendations and essential practice
guidelines outline various indications, which will be
discussed in this section. For example, these devices can
predict and assess the risk of sudden cardiac mortality and
evaluate patient prognosis. Additionally, evidence indicates
their utility in assessing the functionality of different
implantable cardiac devices, such as pacemakers.7

Moreover, these devices play a crucial role in monitoring
the safety and effectiveness of both non-pharmacological
and pharmacological therapeutic interventions. They can
detect proarrhythmic responses in high-risk patients
undergoing antiarrhythmic medication regimens.
Additionally, they are instrumental in identifying transient
episodes of myocardial ischemia and cardiac arrhythmias,
particularly in patients with neurological conditions
suspected of transient atrial flutter or fibrillation.8

Studies also highlight their utility in detecting near and
total syncope events, identifying underlying causes, and
predicting the association between abnormal heart rhythms
and palpitations. The choice between using a 12-lead or two
to three-lead Holter electrocardiography (ECG) monitoring
device depends on the specific indications and intended
objectives of the monitoring. For instance, the two-to-
three-lead approach is suitable for monitoring heart rhythm
and rate, while a twelve-lead Holter ECG is typically
recommended for evaluating the underlying etiology of
tachycardia or dysrhythmias, such as premature beats.9–11
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The choice of monitor is also influenced by the
frequency of symptoms and clinical signs. For patients
experiencing continuous symptoms, a routine twelve-lead
electrocardiogram is typically sufficient to establish a
proper diagnosis. However, for those with intermittent
symptoms, cardiologists often prefer the use of a Holter
monitoring device. Conversely, when patients present with
rare symptoms, longer duration-based devices such as event
monitors or Implantable loop recorders (ILRs) are usually
recommended.12

Several studies in the literature highlight the effective use
of Holter monitor devices in establishing accurate diagnoses
for various conditions. For example, a twelve-lead Holter
monitor can adequately diagnose left anterior and posterior
fascicular blocks, left and right bundle branch blocks,
atrioventricular blocks, and dominant atrioventricular
accessory pathways. Additionally, these devices accurately
diagnose ventricular premature complexes, supraventricular
premature complexes, long QT syndrome, polymorphic
and monomorphic ventricular tachycardia, atrial fibrillation,
atrial flutter, ventricular tachycardia, and supraventricular
tachycardia.13

According to current European guidelines, patients
with cryptogenic strokes are recommended to undergo
monitoring with an intracardiac monitoring device. The
utilization of Holter monitoring devices has significantly
surged in recent decades, especially for detecting occult
atrial fibrillation as a potential cause linked to the
development of cryptogenic stroke.14,15 Furthermore,
selecting the most suitable secondary intervention is crucial
in these cases. For example, it is recommended to prioritize
anticoagulants over antiplatelets when intervening against
strokes induced by atrial fibrillation.

Thus, it is recommended to employ Holter monitoring
devices in preventing recurrent strokes. This involves
accurately diagnosing occult atrial fibrillation to initiate
anticoagulation therapy promptly, thereby improving
prognostic and interventional outcomes.16 Additionally,
utilizing Holter monitoring devices has been associated
with favourable outcomes for patients exhibiting symptoms
suggestive of transient second or third-degree heart blocks
and presumed arrhythmic events linked to left ventricular
systolic dysfunction.17

No significant complications have been reported with
the use of Holter monitoring devices. Typically, these
devices are securely positioned in a pocket close to the
patient’s chest, either within their vest pocket or with the
assistance of a neck sling. However, prolonged use of the
device may potentially cause cutaneous irritation due to the
surface electrodes, which could, in rare instances, lead to
skin ulceration. It’s important to note that such events are
theoretical and have not been reported in the literature, as
the device and electrodes are typically removed before they
can cause any adverse effects.18

Following heart failure and acute myocardial infarction,
patients commonly experience a notable reduction in
heart rate variability. Previous investigations based on
outcomes from 24-hour electrocardiogram monitoring have
revealed an intriguing association among survivors of
these cardiac events. Abnormal heart rate variability
parameters are strongly linked to various morbidities and
relevant complications, including death, in these patients.
Therefore, frequency and time-domain measures of heart
rate variability have been of particular interest in stratifying
the risk of these events.19

For example, a study by Kleiger et al. found that the
reduction in the 24-hour monitored standard deviation of
NN intervals (SDNN) significantly increased the risk of all-
cause mortality. Additionally, research by Makikallio et al.
concluded that reduced physiological complexity of heart
rate variability was markedly associated with an elevated
risk of mortality among patients with decreased ejection
fraction.

Another study conducted by Makikallio et al. aimed
to evaluate various factors and parameters monitored by
Holter-based risk indices among post-infarction patients,
particularly those associated with an increased risk of
non-sudden and sudden cardiac death.20 The authors
found significant associations among several parameters,
including the fractal heart rate variability index, heart rate
turbulence, spectral measures of heart rate variability, and
SDNN.

Previous studies involving patients with heart failure
have shown that reduced heart rate variability parameters
are significantly correlated with the severity of associated
conditions and complications, neurohormonal activation,
and increased risk of cardiovascular disease. Additionally,
these studies have indicated that heart rate variation
parameters can offer valuable prognostic information,
especially in cases where the administration of beta-
blockers is not recommended for patients with heart
failure.21,22

Results from the GISSI-HF trial underscore the notable
association and clinical importance of heart rate variability
parameters in predicting various outcomes in patients with
heart failure. Another study highlighted the utility of long-
term Holter monitoring electrocardiograms in assessing the
risk of complications and subsequent adverse events among
hypertensive patients.23 Furthermore, several previous
studies have evaluated the effectiveness and clinical
significance of Holter monitoring devices in predicting
diverse clinical outcomes in non-cardiac patients.24

Previous reports have indicated that among patients with
type 2 diabetes mellitus, neurodegenerative disorders,
obstructive sleep apnea, and hypertension, the combined
assessment of ST-segment elevation and heart rate
variability monitored by Holter electrocardiogram devices
serves as a significant predictor for clinical outcomes and
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associated parameters in these individuals.25 Furthermore,
an earlier investigation demonstrated that the diagnosis of
obstructive sleep apnea could be significantly established
through the use of heart rate variability parameters, with
estimated favourable sensitivity and specificity rates.26 In
a different context, it’s important to note that there haven’t
been many previous studies examining the association
between Holter monitoring devices and the symptoms
and manifestations of neurodegenerative diseases. A prior
comparative study found a significant difference in long-
term time-domain indices of heart rate variability between
patients with multiple system atrophy and healthy control
subjects.27 However, another study reported that the various
domains of heart rate variability monitored by Holter
devices are not significantly correlated with the onset and
different stages of Parkinson’s disease. This underscores the
necessity for conducting future relevant investigations in
this area.28,29

3.2. Contraindications

While numerous indications for using mobile
electrocardiogram devices have been documented in
the literature, it’s important to acknowledge that certain
contraindications have also been reported for these
modalities. For instance, evidence suggests that these
devices should not be utilized if there is a risk of delaying
hospitalization, urgent treatment, or another diagnostic
approach.30 Additionally, it is not recommended to use
these modalities as part of initial routine investigations for
patients presenting with angina. Alternatively, a stress test
would be more suitable in these scenarios. Furthermore, it
has been demonstrated that monitoring electrocardiogram
devices are not advisable for patients presenting with high-
risk factors and syncope, as urgent inpatient management
is typically warranted.31 Studies also suggest that these
approaches should be avoided for patients presenting
with palpitations, episodic dizziness, near-syncope,
and syncope. Instead, it is recommended to consider
other diagnostic modalities alongside laboratory studies,
physical examination, and medical history evaluation
for these patients. According to the American College
of Cardiology/American Heart Association guidelines,
the use of ambulatory cardiograms is not recommended
for conducting interventional analysis of heart rhythm
variability or detecting arrhythmias in patients who exhibit
no clinical manifestations or symptoms of arrhythmias,
even if they have previously presented with cardiovascular
conditions such as valvular heart diseases and left
ventricular hypertrophy. Another contraindication for
using mobile monitoring electrocardiogram devices is when
patients decline further treatment after arrhythmia detection.
Additionally, these devices should not be employed as a
routine screening approach for asymptomatic patients.32

4. Limitations

Holter monitoring has limitations in its application and
research. Studies on its effectiveness in non-cardiac
populations and long-term outcomes remain limited. The
absence of universal guidelines for patient selection creates
inconsistencies in its use. Rarely, prolonged use can lead
to skin irritation or ulceration, though these effects are not
commonly reported. Additionally, there is a need for further
exploration of contraindications, particularly in high-risk
cases, where alternative diagnostic methods may be more
appropriate.

4.1. Outcomes

Despite these limitations, Holter monitoring demonstrates
significant clinical value. It improves diagnostic accuracy
for arrhythmias, ischemic events, and transient conditions,
aiding in risk stratification and reducing morbidity and
mortality rates. It is instrumental in therapy monitoring,
ensuring the safety and efficacy of pharmacological and
non-pharmacological treatments. Holter monitoring has also
shown utility in stroke prevention by diagnosing occult
atrial fibrillation, enabling timely anticoagulant therapy.
Furthermore, its applications extend to non-cardiac settings,
such as detecting sleep apnea and assessing autonomic
dysfunction, with minimal complications reported. These
outcomes highlight its critical role in advancing patient care
and clinical outcomes.

5. Conclusion

Holter electrocardiogram monitoring devices are primarily
used to assess the 24-hour heart rate and rhythm, allowing
clinicians to evaluate underlying disorders, potentially
including arrhythmias. While their clinical significance has
been evident in various clinical events, both cardiac and
non-cardiac, there has been a lack of adequate studies
assessing their efficacy in non-cardiac populations. This
underscores the need for further investigations in this area.
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