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Abstract: Background: Palpitations are one of most common reasons why a patient visits a general
practitioner (GP) and is referred to a cardiologist. Coronavirus disease 2019 (COVID-19) has been
associated with new-onset arrhythmias, which are difficult to diagnose at the primary healthcare level
during pandemic-related lockdown periods. Methods: A total of 151 patients with a complaint of heart
rhythm disorder were included from before and during the COVID-19 pandemic, as well as after
the start of vaccination, in this cohort retrospective study. We used a telemedical device—namely, a
personal electrocardiographic (ECG) sensor called Savvy—to investigate heart rhythm in patients.
The primary outcome of the study was to evaluate the number of actual heart rhythm disorder
patients and any differences that infection with or vaccination for COVID-19 had on patients handled
in a primary healthcare setting. Results: We found a heart rhythm disorder in 8.6% of patients before
the COVID-19 pandemic and in 15.2–17.9% of patients during the COVID-19 pandemic, where the
difference was statistically significant (p = 0.002). During the COVID-19 pandemic, we found a heart
rhythm disorder in almost 50% of patients that had tested positive for the severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2 virus) more than one month ago. After the vaccinations started,
we also found a heart rhythm disorder in almost 50% of non-vaccinated patients. Conclusions: Using
a telemedical approach or remote consultation is a useful method, at the primary healthcare level, for
diagnosing and treating patients with palpitations during times of lockdown.

Keywords: telemedicine; cardiac arrhythmia; primary healthcare level; COVID-19 infection; COVID-19
vaccination; referrals

1. Introduction

Palpitations are defined as a sensory symptom accompanied by the unpleasant feeling
of a strong, faster, and/or irregular heartbeat, which sometimes can be the only symptom
of cardiac arrhythmia [1]. Presenting with palpitations is one of most common reasons why
patients visit their GP or their family medicine specialist and are referred to a cardiologist [2].
This represents a significant financial burden to the healthcare system [3], even though
actual cardiac arrhythmia is typically discovered in less than half of these patients [4,5]. The
prevalence of cardiac arrhythmia in the general population is 2.3% [6], which rises to 12.6%
in the elderly population [7]. Differential diagnosis of palpitations includes cardiogenic
causes, which are found in 43% of patients, while in 31% the cause is psychogenic; other
causes include thyrotoxicosis, caffeine or cocaine consumption, and anemia [8].

These patients are first seen by a GP, where the history of the patient’s current problems,
previous medical conditions, and prescribed medications is considered, followed by a
physical exam and ECG recordings [9]. Cardiac arrythmias can be sporadic and difficult
to diagnose [10]. Therefore, in the case of a normal ECG reading, the patient is usually
referred to a cardiologist for further investigation [11]. The following treatment is complex,
and expensive and time-consuming tests are performed on patients who do not present any
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changes in ECG records—mainly to prevent GPs from missing any sporadic arrhythmia in
patients with palpitations [12–15].

Many studies have been conducted on efficiently diagnosing such patients through
telemedical approaches or remote consultations [16,17]. Remote consultations can be very
useful in general practice because the patient and their GP need not to be at the same place
at the same time [18]. This concept was developed in 1980s in order to provide healthcare
to patients who live in remote areas [19] and has been shown to be very useful in times of
lockdown—such as the COVID-19 pandemic [20]—when patients are not allowed to visit
their GP due to restrictions [21] or are not comfortable doing so because of their fear of
being infected with the virus [22]. Various low-cost sensors have been used to record the
physiological parameters of patients, such as body temperature, heart rate, oxygenation of
blood, and blood pressure [16,17,23]. Sensors are connected, by Wi-Fi or Bluetooth, to a
smart phone or tablet and can be managed using different applications [24].

COVID-19 has been associated with new-onset arrhythmias that have been difficult
to diagnose at the primary healthcare level during lockdown [25]. A German study has
reported that 78% patients presented cardiac involvement within two months after COVID-
19 diagnosis [26]. Thus, when patients complain to their GP concerning their cardiovascular
system in the form of palpitations, a full diagnostic approach must be carried out [27].
Cardiology societies recommend the use of telemedical devices for the diagnosis of patients
with palpitations in the context of the COVID-19 pandemic [28].

2. Materials and Methods
2.1. Study Design

This observational retrospective cohort study is an extension of a previously conducted
study at the primary healthcare level [29]. We included patients without previously known
heart conditions who had complained about a heart rhythm disorder to their GP. We
retrospectively analyzed data collected in three different periods—before the COVID-19
pandemic, during the COVID-19 pandemic, and during the COVID-19 pandemic after
vaccination was made available—between August 2019 and October 2021 at a Healthcare
Centre in Murska Sobota, Slovenia.

2.2. Study Population and Sample Size

Patients aged ≥18 without any previous known cardiac rhythm disorder who visited
their GP and complained about a cardiac rhythm disorder or palpitations were included in
this study. Patients who had a cardiac rhythm disorder, were severely ill, or were mentally
incapable were excluded. We also excluded patients with acute COVID-19 infection or
patients previously hospitalized due to severe COVID-19 infection.

To obtain a representative sample, we included 151 patients based on the formula
n = P(1 − P) × Zα2/d2, where n is the calculated sample size, P is the expected proportion
in the population (prevalence of cardiac rhythm disorder in the general population is
2.35% [6]), Z is the value of level of confidence (95%), and d is absolute margin of error (0.07).

2.3. Data Tool and Collection

We included patients without a previously known heart condition that complained of
a heart rhythm disorder or palpitations. However, there had to be no detectable rhythm
disturbance on a 12-channel ECG record, which was performed at the first visit before the
COVID-19 pandemic. During the COVID-19 pandemic, we performed a psychical exam or
remote counseling, according to the COVID-19 restrictions applied at that specific time. If a
rhythm disturbance was detected at that time, or if it was highly suspected based on the
patient’s history, the patient was treated according to the guidelines and was not included in
the study; however, if a rhythm disorder diagnosis could not be made, the patient received
a personal ECG sensor (Savvy), which was placed by a healthcare professional and applied
onto their chest using two self-adhesive electrodes. The personal ECG sensor Savvy was
developed in Slovenia [30] and has been used in a study of 400 patients, which served as
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the basis for implementing this tool in everyday work by GPs [29]. It is a personal, portable
ECG sensor that works with a smartphone using an application called MobECG and a
computer program called VisECG, available for Android only. The sensor itself consists of
two electrodes placed 8.5 cm apart; it weighs 21 g and has multiple placement positions.
The measurement from sensor to smartphone is transmitted by Bluetooth connection. After
the measurements are taken, the device is paired with a computer using a USB cable and
revised by the VisECG program. We used the necessary personal protection equipment,
according to the COVID-19 restrictions applied at that specific time. Then, the sensor
was attached to the electrodes and connected by Bluetooth to their smartphone. Patients
were instructed to carry out their daily activities as regularly as possible and to keep their
smartphones near to them. In case the electrode peeled off, the patient had four spare
electrodes that they could install by themself. During the investigation, we asked the
patients to keep a journal, where they wrote down their problems and feelings. After
three days, the patient returned to the healthcare provider, who removed the sensor and
downloaded the measurements from the phone, which were then sent to physicians for
analysis. The same patient underwent a checkup with the physician after 5–10 days, either
by remote consultation or physical examination.

2.4. Data Management and Analysis

The data collected from medical records included baseline demographics, clinical
history of certain chronic diseases, and treatments and outcomes of ECG sensor findings. If a
cardiac arrhythmia was present, the patient was treated according to medical guidelines and
received specific treatment or was referred to a cardiologist or the Emergency department
of the local hospital. If a cardiac arrhythmia was not present, the patient was treated
according to their symptoms or was kept under observation.

Statistical analyses were conducted using the SPSS® Statistical Program version 26
(SPSS Inc., Chicago, IL, USA) for Windows®. For descriptive data, in the case of normally
distributed quantitative (numerical) variables, we used the mean ± standard deviation and
the minimum and maximum; in case of non-normally distributed quantitative variables,
we used the median and the minimum and maximum; for descriptive variables, we used
frequencies and percentages.

For the univariable analysis, we used:

- t-test of independent samples or ANOVA for normally distributed numerical variables;
- Mann–Whitney U test for non-normally distributed numerical variables;
- Pearson chi-squared test for descriptive variables or Fisher’s exact test as a correction

for smaller samples.

A p-value ≤ 0.05 was considered to indicate statistical significance in all tests.

2.5. Ethical Considerations

The study was approved by the Ethics Committee of the Republic of Slovenia (number
0120-299/2017-7, KME 47/06/17), and was conducted in accordance with The Code of
Ethics of the World Medical Association (Declaration of Helsinki). It was also registered on
ClinicalTrials.gov (ID: NCT04463524).

Informed consent was obtained from all subjects involved in the study.

3. Results

A total of 151 patients complaining about heart rhythm disorder in three different
time-frames—before the COVID-19 pandemic (33.0%), during the COVID-19 pandemic
(34.5%), and during the COVID-19 pandemic after vaccination (32.5%)—were enrolled.

Table 1 reports the number of patients included in every time frame and the numbers
of reported arrhythmias in their time frame alone.

ClinicalTrials.gov
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Table 1. Patients with presence of arrhythmia in different time frames.

Time Frame Before COVID-19
Pandemic

During COVID-19
Pandemic

During COVID-19 Pandemic
after Vaccination

n (%) n (%) n (%)

All patients included 50 (100) 52 (100) 49 (100)

Arrhythmia present 13 (26) 28 (53.8) 25 (51)

Patients without previous
COVID-19 infection 13 (26) 8 (15.3) NA

Patients with previous COVID-19
infection and unvaccinated NA 20 (38.5) 16 (32.6)

Patients without previous COVID-19
infection and vaccinated NA NA 9 (18.4)

We enrolled 50 patients before the COVID-19 pandemic—13 had arrhythmia; during
the COVID-19 pandemic before vaccination, of 50 patients, 28 had arrhythmia; during the
COVID-19 pandemic after vaccination, of 49 patients, 25 had arrhythmia.

The main demographic and clinical characteristics of the study population are reported
in Table 2.

Table 2. Demographic and clinical characteristics of the study population.

Time Frame Sex Age Smoking Alcohol
Consumption BMI Arterial Hy-

pertension
Diabetes

Type 2
COVID-19
Survivor

COVID-19
Vaccinated

Male Female Moderate High
Risk

n (%) Mean ± SD n (%) n (%) Mean ± SD n (%) n (%) n (%) n (%)

Before
COVID-19
pandemic

14
(9.2)

36
(23.8) 47.86 ± 15.514 10

(6.6)
48

(31.7) 2 (1.2) 26.07 ± 5.389 26 (17.2) 23 (15.2) NA NA

During
COVID-19
pandemic

15
(9.9)

37
(24.6) 49.13 ± 17.112 13

(8.6)
51

(34.3) 1 (0.6) 26.3 ± 4.875 13 (8.8) 25 (16.5) 28 (18.5) NA

During
COVID-19
pandemic

after
vaccination

10
(6.6)

39
(25.9) 46.98 ± 18.339 11

(7.3)
46

(30.4) 3 (1.8) 24.95 ± 5.451 17 (11.2) 16 (10.5) 27 (17.8) 31 (20.5)

Statistical
Significance NS a NS b NS a NS a NS c NS a NS a NS a NA

a χ2 test; b t-test for independent samples; c Mann–Whitney U test; NS, not statistically significant (p > 0.05); BMI,
body mass index; NA, not applicable.

Patients enrolled in our study were mainly women (74.3%) aged from 19 to 85 years
(average, 47.99 years old); 22.5% were smokers and 3.6% were high-risk alcohol consumers.
Their BMI ranged from 18 (healthy weight) to 41 (severe obesity) and was 25.77 on average—
which corresponds to a normal weight. A total of 37.2% had been diagnosed and treated for
arterial hypertension and 42.2% for adult-onset diabetes; 36.3% had been infected with the
SARS-CoV-2 virus (in the time frame during COVID-19, 53.8%; in the time frame during
COVID-19 after vaccination, 55.1%), and 20.5% had received a vaccine for COVID-19 (in the
group during COVID-19 after vaccination, 63.3%). There were no statistically significant
differences in the study population in different groups.

3.1. Causes for ECG Sensor Placement

The causes for ECG sensor placement in the study population are reported in Table 3.
Patients involved in the study mainly reported a feeling of faster heart rate (72.1%), some
reported an irregular heart rate (18.4%), and a few reported chest pains (2.4%) or dizziness
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(6%). There were no statistically significant differences in the study population between
different groups.

Table 3. Causes for ECG sensor placement.

Time Frame Fast Heart
Beats

Irregular Heart
Beats

Chest
Discomfort Dizziness

n (%) n (%) n (%) n (%)

Before COVID-19
pandemic 36 (23.8) 10 (6.6) 1 (0.6) 3 (1.8)

During COVID-19
pandemic 39 (25.8) 8 (5.2) 2 (1.2) 3 (1.8)

During COVID-19
pandemic after

vaccination
34 (22.5) 10 (6.6) 1 (0.6) 4 (2.4)

Statistical Significance NS a NS a NS a NS a

a χ2 test; NS, not statistically significant (p > 0.05).

3.2. Heart Rhythm Disorder Diagnosis and Treatment

The presence of actual heart rhythm disorders found in our study group is reported in
Table 4, while Table 5 presents the types of heart rhythm disorder found.

Table 4. Presence of heart rhythm disorder in study population.

Time Frame
Arrhythmia

Present in All
Patients

Arrhythmia Present in
Patients without

Previous COVID-19
Infection

Arrhythmia Present in
Unvaccinated Patients

with Previous
COVID-19 Infection

Arrhythmia Present in
Vaccinated Patients
without Previous

COVID-19 Infection

n (%) n (%) n (%) n (%)

Before COVID-19
pandemic 13 (8.6) 13 (8.6) NA NA

During COVID-19
pandemic 28 (18.5) 8 (5.2) 20 (13.2) NA

During COVID-19
pandemic after vaccination 25 (16.5) NA 16 (10.5) 9 (5.9)

Statistical Significance p = 0.002 a p = 0.004 a p = 0.004 a NA
a χ2 test; NS, not statistically significant (p > 0.05); NA, not applicable.

Table 5. Type of heart rhythm disorders present in the study population.

Time Frame
Supraventricular

Tachycardiac
Disorders Except AF

Atrial Fibrillation
Ventricular

Tachycardiac
Disorders

Bradycardias

n (%) n (%) n (%) n (%)

Before COVID-19 pandemic 10 (6.7) 0 (0) 2 (1.3) 1 (0.7)

During COVID-19 pandemic 11 (7.2) 7 (4.6) 10 (6.6) 0 (0)

During COVID-19 pandemic
after vaccination 8 (5.2) 7 (4.6) 9 (6.0) 1 (0.7)

Statistical Significance NS a p = 0.004 a p = 0.002 a NS a

a ANOVA F-test; NS, not statistically significant (p > 0.05); AF, atrial fibrillation.

We found a heart rhythm disorder in 8.6% of patients before the COVID-19 pandemic
and in 16.5–18.5% of patients during the COVID-19 pandemic; this difference was statis-
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tically significant (p = 0.002; Table 4). During the COVID-19 pandemic, we found a heart
rhythm disorder in 13.2% of patients, all of whom had tested positive for SARS-CoV-2 virus
more than one month ago. If we only look at their time frame, this means that 20 patients
out of 52 had previously had a rhythm disorder (38.5%); after vaccinations started, we also
found heart rhythm disorders in 10.5% of patients who had tested positive for SARS-CoV-2
virus more than one month ago and in 5.9% of vaccinated patients. If we only look at their
time frame, this means that 25 patients out of 49 had previously had a rhythm disorder
(51.0%). The differences between groups were statistically significant (p = 0.004).

In 5.2–7.2% of cases, we found supraventricular tachycardiac disorders (atrial fibrilla-
tion not included), while in 0–0.7% of cases we observed bradycardic disorders (Table 5).
There was no statistically significant difference between these groups. However, there was
a statistically significant difference between groups presenting with atrial fibrillation during
the COVID-19 pandemic—in 7 out of 52 patients (13.5%; 4.6% of all patients)—before and
after the vaccinations started (p = 0.004), and in ventricular tachycardiac disorders during
the COVID-19 pandemic—in 10 out of 52 patients (19.2%; 6.6% of all patients)—before and
after the vaccinations started (p = 0.002).

The actions taken for patients at their check-up are reported in Table 6. We found
that there was no statistically significant difference in the number of patients treated with
observation (17.9–18.5%), that received a specific medication (7.3–9.3%), or were referred to
another specialist other than a cardiologist (2.0–3.3%). However, there was a statistically
significant difference between the groups in patients referred to a cardiologist (p < 0.001).
About 35% of patients during the COVID-19 pandemic (in general, 11.2%) were sent to be
treated by a cardiologist, compared to 4% before the COVID-19 pandemic.

Table 6. Actions taken for patients at check-up.

Time Frame Observation Medication(s)
Prescribed

Referral to Addition Test
(Non-Cardiological)

Referral to
Cardiologist

n (%) n (%) n (%) n (%)

Before COVID-19 pandemic 28 (18.5) 13 (8.6) 3 (2.0) 6 (4.0)

During COVID-19 pandemic 28 (18.5) 14 (9.3) 5 (3.3) 15 (9.9)

During COVID-19 pandemic
after vaccination 27 (17.9) 11 (7.3) 5 (3.3) 17 (11.2)

Statistical Significance NS a NS a p = 0.002 a p < 0.001 a

a ANOVA F-test; NS, not statistically significant (p > 0.05).

4. Discussion

To the best of our knowledge, this is the first study focused on patients with suspected
cardiac arrhythmia at the primary healthcare level using a personal ECG sensor. Palpita-
tions are one of the most common reasons why patients visit their GP and are referred to
a cardiologist [2] and can sometimes be the only symptom of an underlying arrhythmia.
The primary outcome of our study was to evaluate the number of patients with actual
heart rhythm disorders and differences in occurrence before and during the COVID-19
pandemic. We found a statistically significant difference in the discovery of heart rhythm
disorders in patients before and during the COVID-19 pandemic (Table 4); during the
COVID-19 pandemic, we found heart rhythm disorders in 38.5% of patients that had tested
positive for the SARS-CoV-2 virus more than one month ago; after vaccinations started, we
also found heart rhythm disorders in 51.0% of unvaccinated patients. The new COVID-19
virus has enhanced the occurrence of cardiac arrhythmia, making it more likely in patients
after COVID-19 infection [31]. Researchers have found that cardiac arrhythmia is present
in 25–50% of patients [26,32,33], and our study concluded the same for patients before
the COVID-19 pandemic (26%). There were no statistically significant differences in the
observed groups, which makes our study even more significant, along with the fact that



Micromachines 2022, 13, 1176 7 of 10

we used a telemedical device—the Savvy ECG sensor—to detect these arrhythmias in a
primary healthcare setting.

The acute influences of COVID-19 infection on the wellbeing of patients are diverse,
and can be seen in the cardiovascular system, respiratory system, neurological system, and
psychological profile [34]. High calorie intake and obesity are important risk factors for
developing severe illness after COVID-19 infection [35]. Influences on immune system due
to lifestyle habits such as high alcohol intake and smoking also play a role in the severity
of the disease [36–38]. We found a heart rhythm disorder in almost 50% of patients that
had tested positive for SARS-CoV-2 virus more than one month ago; after vaccinations
started, we also found a heart rhythm disorder in almost 50% of unvaccinated patients.
However, patients before COVID-19 had similar health risks, so we cannot state that we
have proven the effects of obesity, diabetes, arterial hypertension, smoking, and alcohol
on arrhythmias developed after COVID-19 infection (Table 2). The effects of the pandemic
can also be seen at individual and societal levels, as the associated restrictions have led to
changes in lifestyle, loss of employment, social distancing, less physical activity, and higher
depression and anxiety rates [39].

The exact mechanism of arrhythmogenesis is unknown, but it is probably due to
hypoxia caused by pulmonary disease, myocarditis, myocardial ischemia, and electrolytic
disbalance in the host immune response [40,41]. The dominant arrhythmia amongst COVID-
19 patients is atrial fibrillation [42–45]. We reported 9.2% more patients (13.5 and 14.3% in
their group) suffering from atrial fibrillation in our study who had been infected with the
COVID-19 virus in comparison to those before the pandemic (Table 5). There was a higher
rate of ventricular tachycardiac disorder in COVID-19 survivors as well (about 6%), similar
to other studies performed on patients in hospital settings [46,47].

The patients in our study were treated the same when it came to observation and
medicine prescriptions, but there was a significant difference in referrals to cardiologists
after COVID-19 infection; this is probably the case as more cardiac arrhythmias were
discovered (Table 6). Our actions were like those in other studies, where they mainly
observed patients or changed medications in patients without cardiac arrhythmia and
referred the patient to a cardiologist if cardiac arrhythmia was detected [48–50].

In patients who were vaccinated, we did not find a higher percentage of cardiac
arrhythmia than in the group before the COVID-19 pandemic; the literature remains
ambiguous in confirming a higher chance of cardiac arrhythmia after vaccination for
COVID-19 [51].

Our study is one of few made on patients with cardiac arrhythmia at the primary
healthcare level, and the only one involving the usage of the personal ECG sensor Savvy in
Slovenia. The patients included in this observational study received the correct treatment
at the right time.

There are, however, some limitations to our study. The results were collected in a
single healthcare center, without validation in other populations. There was also selections
bias, as the population sample was small and collected randomly, consisting of patients
who had been treated using a personal ECG sensor (Savvy), and was not stratified by
gender, age, or medical conditions present. Due to the small sample size, we could not
establish a connection between arrhythmia and COVID-19 infection in this study.

5. Conclusions

Patients with palpitations are difficult to assess at the primary healthcare level, es-
pecially during times of lockdown due to the COVID-19 pandemic. COVID-19 infection
itself carries a higher risk of new-onset cardiac arrhythmia (especially atrial fibrillation),
and patients could be left without a diagnosis and proper treatment due to an inability
to see their GP in person (e.g., because of the restriction of the fear of being infected with
the virus). In our study, we proved that the use of a telemedical approach—namely, the
placement of a personal ECG sensor, Savvy—can help in distinguishing an actual heart
rhythm disorder from other non-life-threatening causes of palpitations, thus giving patients
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the opportunity to receive the right treatment at the right time. The use of telemedical de-
vices such as the Savvy ECG sensor could provide a relevant and everyday tool in primary
healthcare settings, and its use should be considered in order to enhance the quality of
patient treatment and to lower the costs associated with unnecessary referrals to secondary
healthcare settings.
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COVIDA-19 v luči preventive; Krajc, M., Ed.; Zveza Slovenskih Društev za Boj Proti Raku, Onkološki inštitu: Ljubljana, Slovenia,
2020; pp. 66–79.

35. Vindegaard, N.; Benros, M.E. COVID-19 pandemic and mental health consequences: Systematic review of the current evidence.
Brain Behav. Immun. 2020, 89, 531–542. [CrossRef] [PubMed]

36. Lange, K.W.; Nakamura, Y. Lifestyle factors in the prevention of COVID-19. Glob. Heal. J. 2020, 4, 146–152. [CrossRef] [PubMed]
37. Lau, D.; McAlister, F.A. Implications of the COVID-19 pandemic for cardiovascular disease and risk factor management. Can. J.

Cardiol. 2021, 37, 722–732. [CrossRef] [PubMed]
38. Haeck, G.; Ancion, A.; Marechal, P.; Oury, C.; Lancellotti, P. COVID-19 et maladies cardiovasculaires [COVID-19 andcardiovascular

diseases]. Rev. Med. Liege 2020, 75, 226–232.
39. Moreno, S.C.; Arango, C.; Moreno, C.; Wykes, T.; Galderisi, S.; Nordentoft, M. Position Paper How mental health care should

change as a consequence of the COVID-19 pandemic. Lancet Psychiatry 2020, 7, 813–824. [CrossRef]
40. Babapoor-Farrokhran, S.; Alzubi, J.; Khraisha, O.; Mainigi, S.K. Editorial commentary: Cardiac arrhythmias in the era of COVID-19

pandemic. Trends Cardiovasc. Med. 2020, 30, 461–462. [CrossRef]
41. Kochi, A.N.; Tagliari, A.P.; Forleo, G.B.; Fassini, G.M.; Tondo, C. Cardiac and arrhythmic complications in patients with COVID-19.

J. Cardiovasc. Electrophysiol. 2020, 31, 1003–1008. [CrossRef]
42. Rav-Acha, M.; Orlev, A.; Itzhaki, I.; Zimmerman, S.F.; Fteiha, B.; Bohm, D.; Kurd, R.; Samuel, T.Y.; Asher, E.; Helviz, Y.; et al.

Cardiac arrhythmias amongst hospitalised Coronavirus 2019 (COVID-19) patients: Prevalence, characterisation, and clinical
algorithm to classify arrhythmic risk. Int. J. Clin. Pract. 2021, 75, e13788. [CrossRef]

43. Dherange, P.; Lang, J.; Qian, P.; Oberfeld, B.; Sauer, W.H.; Koplan, B.; Tedrow, U. Arrhythmias and COVID-19: A Review. JACC
Clin. Electrophysiol. 2020, 6, 1193–1204. [CrossRef] [PubMed]

44. Patone, M.; Mei, X.W.; Handunnetthi, L.; Dixon, S.; Zaccardi, F.; Shankar-Hari, M.; Watkinson, P.; Khunti, K.; Harnden, A.;
Coupland, C.A.C.; et al. Risks of myocarditis, pericarditis, and cardiac arrhythmias associated with COVID-19 vaccination or
SARS-CoV-2 infection. Nat. Med. 2022, 28, 410–422. [CrossRef] [PubMed]

http://doi.org/10.1177/1357633X16689432
http://doi.org/10.1021/acsnano.0c08494
http://doi.org/10.1111/all.14462
http://www.ncbi.nlm.nih.gov/pubmed/32584441
http://doi.org/10.1038/s41432-020-0105-7
http://www.ncbi.nlm.nih.gov/pubmed/32591667
http://doi.org/10.1016/j.amjcard.2004.12.015
http://doi.org/10.1111/ijcp.13352
http://doi.org/10.3390/medicina58040530
http://doi.org/10.1001/jamacardio.2020.3557
http://doi.org/10.1007/s11886-020-01434-7
http://doi.org/10.1161/CIRCEP.120.008932
http://doi.org/10.3390/mi12010055
http://www.savvy.si
http://doi.org/10.1038/s41371-020-0387-4
http://doi.org/10.1016/j.ccep.2018.02.010
http://www.ncbi.nlm.nih.gov/pubmed/29784490
http://doi.org/10.1093/eurheartj/ehaa261
http://www.ncbi.nlm.nih.gov/pubmed/32385490
http://doi.org/10.1016/j.bbi.2020.05.048
http://www.ncbi.nlm.nih.gov/pubmed/32485289
http://doi.org/10.1016/j.glohj.2020.11.002
http://www.ncbi.nlm.nih.gov/pubmed/33520339
http://doi.org/10.1016/j.cjca.2020.11.001
http://www.ncbi.nlm.nih.gov/pubmed/33212203
http://doi.org/10.1016/S2215-0366(20)30307-2
http://doi.org/10.1016/j.tcm.2020.09.001
http://doi.org/10.1111/jce.14479
http://doi.org/10.1111/ijcp.13788
http://doi.org/10.1016/j.jacep.2020.08.002
http://www.ncbi.nlm.nih.gov/pubmed/32972561
http://doi.org/10.1038/s41591-021-01630-0
http://www.ncbi.nlm.nih.gov/pubmed/34907393


Micromachines 2022, 13, 1176 10 of 10

45. Moey, M.; Sengodan, P.M.; Shah, N.; McCallen, J.D.; Eboh, O.; Nekkanti, R.; Carabello, B.A.; Naniwadekar, A.R. Electrocardio-
graphic Changes and Arrhythmias in Hospitalized Patients With COVID-19. Circ. Arrhythmia Electrophysiol. 2020, 13, e009023.
[CrossRef] [PubMed]

46. O’Shea, C.J.; Thomas, G.; Middeldorp, M.E.; Harper, C.; Elliott, A.D.; Ray, N.; Lau, D.H.; Campbell, K.; Sanders, P. Ventricular
arrhythmia burden during the coronavirus disease 2019 (COVID-19) pandemic. Eur. Heart J. 2021, 42, 520–528. [CrossRef]

47. O’Shea, C.J.; Middeldorp, M.E.; Thomas, G.; Harper, C.; Elliott, A.D.; Ray, N.; Campbell, K.; Lau, D.H.; Sanders, P. Atrial
fibrillation burden during the coronavirus disease 2019 pandemic. Europace 2021, 23, 1493–1501. [CrossRef]

48. Rosman, L.; Gehi, A.; Sears, S.F. How to Stay Healthy and Manage Stress If You Have a Heart Rhythm Disorder: A Guide for
Patients and Their Families During the COVID-19 Outbreak. Circ. Arrhythm. Electrophysiol. 2020, 13, e009064. [CrossRef]

49. Driggin, E.; Madhavan, M.V.; Bikdeli, B.; Chuich, T.; Laracy, J.; Biondi-Zoccai, G.; Brown, T.S.; Der Nigoghossian, C.; Zidar, D.A.;
Haythe, J.; et al. Cardiovascular Considerations for Patients, Health Care Workers, and Health Systems During the COVID-19
Pandemic. J. Am. Coll. Cardiol. 2020, 75, 2352–2371. [CrossRef]

50. Ford, G.A.; Hargroves, D.; Lowe, D.; Hicks, N.; Lip, G.Y.H.; Rooney, G.; Oatley, H. Targeted atrial fibrillation detection in
COVID-19 vaccination clinics. Eur. Heart J. Qual. Care Clin. Outcomes 2021, 7, 526–528. [CrossRef]

51. Patone, M.; Handunnetthi, L.; Saatci, D.; Pan, J.; Katikireddi, S.V.; Razvi, S.; Hunt, D.; Mei, X.W.; Dixon, S.; Zaccardi, F.; et al.
Neurological complications after first dose of COVID-19 vaccines and SARS-CoV-2 infection. Nat. Med. 2021, 27, 2144–2153.
[CrossRef]

http://doi.org/10.1161/CIRCEP.120.009023
http://www.ncbi.nlm.nih.gov/pubmed/32931707
http://doi.org/10.1093/eurheartj/ehaa893
http://doi.org/10.1093/europace/euab099
http://doi.org/10.1161/CIRCEP.120.009064
http://doi.org/10.1016/j.jacc.2020.03.031
http://doi.org/10.1093/ehjqcco/qcab061
http://doi.org/10.1038/s41591-021-01556-7

	Introduction 
	Materials and Methods 
	Study Design 
	Study Population and Sample Size 
	Data Tool and Collection 
	Data Management and Analysis 
	Ethical Considerations 

	Results 
	Causes for ECG Sensor Placement 
	Heart Rhythm Disorder Diagnosis and Treatment 

	Discussion 
	Conclusions 
	References

