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Aim: One of the primary contributors of the development of atrial fibrillation (AF) is autonomic dysfunction. It is suggested that heart
rate turbulence (HRT) be utilized to assess autonomic nervous system (ANS) function. In this research, we analyzed the impact of
COVID-19 on atrial fibrillation predisposition in the post-recovery period by analyzing atrial HRT measurements of patients who
described palpitations in the post-COVID-19 period.

Methods: This study included 407 healthy participants without a positive COVID-19 record and 328 patients having a verified
positive COVID-19 record (recovered COVID-19). All subjects were categorized into four groups (controls, recovered mild COVID-
19, recovered moderate COVID-19 and recovered severe COVID-19) based on the severity value of their chest CT scan. The atrial
HRT analyses were taken from a 24-hour electrocardiography- Holter recording.

Results: This study revealed that atrial HRT Onset values were significantly higher in the recovered severe COVID-19 group than the
other groups. A positive association was found between the atrial HRT onset value and the chest CT severity value. However, no
relationship was found between the atrial HRT onset value and the number of positive PCR test for COVID-19 or the amount of time
that had passed since COVID-19. Regression analysis showed that the chest CT severity score, HT, smoking, and recovery from severe
COVID-19, were independent predictors of atrial HRT Onset values and abnormal atrial HRT Onset existence.

Conclusion: Blunted atrial HRT, considered a significant predisposition to the development of atrial fibrillation, is more likely to
occur in people who recovered from serious COVID-19 than in individuals who have never had severe COVID-19. These individuals
should be carefully evaluated for atrial HRT.

Keywords: recovery from severe COVID-19, atrial heart rate turbulence, autonomic nervous system disorder, atrial fibrillation

Introduction

After first emerging in Wuhan, China, a pandemic was swiftly turned into a novel coronavirus (SARS-CoV-2) toward the
end of 2019 and caused severe impacts on health and economic systems worldwide. SARS-CoV-2 is also named COVID-
19 and affects the respiratory system most, but the disease effects are not limited to the lungs. Venous thromboembolism,
acute kidney and liver damage, the release of cytokines, sepsis, disseminated intravascular coagulation, complications of
pregnancy, and cardiac and neurological issues are all possible outcomes of a COVID-19 infection, in addition to
pulmonary involvement.'

According to a report published in Wuhan, China, arrhythmia was found in 16.7% of hospitalized patients with
COVID-19 and 44.4% of those monitored in intensive care.” Although some studies conducted to date have revealed
some clues about the potential for arrhythmia in individuals who have active disease, as of today, we are far from being
able to explain why individuals who have completely recovered from the disease apply to outpatient clinics with
complaints of palpitations.®*

Heart rate turbulence (HRT) originates from the principle of accelerating sinus rhythm, which occurs as a reflex due
to the short diastole period during ventricular premature beat in patients with sinus rhythm. In a healthy heart, there is an

acceleration in ventricular rate and there is a degree of this acceleration. HRT indicates this degree of acceleration. In
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other words, it shows the autonomic activity of the heart. For an healthy HRT both the sympathetic and parasympathetic
pathways of the heart must be intact.’ Abnormal HRT, which can occur due to many diseases, indicates decreased
baroreflex sensitivity and autonomic dysfunction. It is well established that individuals with blunted HRT are more likely
to die suddenly and from all causes.®

It has been revealed by the recent research on holter and pace that HRT is also impaired after atrial premature
stimulation. Impaired HRT values, suggesting that the spontaneous emergence of clinical atrial fibrillation is associated
with a brief increase in vagal outflow following early atrial excitement.’®

Conditions where a range of symptoms persist for more than three months after recovery from acute COVID-19 are
called Long-COVID.’ Long-COVID-19 may manifest itself with symptoms, such as chest pain, palpitations, cognitive
disorders, breath shortness, fatigue, attention deficit, hair loss, headache, myalgia, and arthralgia.g_12

Recently, there has been an increase in the admission of patients who recovered from COVID-19 to the clinic
complaining of palpitations and that these patients are referred to another departments with the preliminary diagnosis of
somatization or panic disorder. Could a more sensitive assessment be made for these individuals? Could SARS-CoV-2
cause permanent damage to the autonomic nervous system (ANS) and predisposition to atrial fibrillation? This study
utilized HRT to analyze the persistent impacts of SARS-CoV-2 on cardiac autonomic function in individuals recovered
from COVID-19.

Materials and Method
Study Population

This retrospective study analyzed the records of 10,081 participants who visited the cardiology outpatient clinics at
Elaz1g Fethi Sekin City Hospital between June 1, 2022, and December 31, 2024, and underwent a 24-hour ECG Holter
monitoring.

Inclusion Criteria

A total of 328 patients with a history of positive SARS-CoV-2 test results by at least one Real-Time (RT)-PCR test on
nasopharyngeal swabs (Bio-Rad CFX96 RT PCR Detection System, Bio-Rad Laboratories, Inc., Hercules, CA, USA)
were included in the Recovered COVID-19 group. A total of 407 individuals with no history of positive (RT)-PCR test
results for SARS-CoV-2 during the same time period and no cardiac or systemic disease (other than hypertension)
detected by physical examination, laboratory tests, or anamnesis were included in the control group (Figure 1).

Exclusion Criteria

Subjects with inadequate data in their files, were under 17 years old, those with atrial fibrillation, electrolyte imbalance,
structural heart disease, heart valve disease, or systemic disease (apart from hypertension), individuals using anti-
arrhythmic medications or agents that may lead to arrhythmia (such as terfenadine, probucol, erythromycin, amiodarone,
antidepressants, clarithromycin, and antipsychotics), professional athletes, patients with a body mass index (BMI) above
than 35, and pregnant women were excluded.

Collection of Data for the Post COVID-19 Period

SARS-CoV-2 was caught at least once and no more than three times by the subjects in the COVID-19 recovery group.
Individuals in the recovered COVID-19 group had a minimum of 4 weeks and a maximum of 204 weeks between 24-
hour ECG-Holter evaluation and their most recent positive RT-PCR test.

Analysis of COVID-19 Severity with Thorax CT

The recovered COVID-19 group was given a semi-quantitative chest CT severity score for each of the five lung lobes
(two on the left and three on the right). Visual assessment was used to determine each lobe’s percentage of involvement.
The chest severity score was obtained by adding the scores corresponding to the percentage of involvement of each lobe
(Table 1).°
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10081 subjects were investigated retrospectively

v

4693 subjects with positive result history for SARS-COV-2 with
at least one Real-Time (RT)-PCR test were detected

2595 subjects were excluded because of insufficient data

structural;
systemic disease (except from
hypertension), professional athletes, cases with 35 kg
m2<BMI and pregnant women were excluded from the
study

1770 cases who were < 17 years of age, had
valvular heart disease, or

328 cases with positive result history for SARS-COV-2 with at
least one Real-Time (RT)-PCR test and had not any heart or
systemic disease (except from hypertension), were included in
the recovered COVID-19 group

v

5388 subjects without any positive Real-Time (RT)-PCR test
result history for SARS-COV-2 were detected

3022 subjects were excluded because of insufficient data

1959 cases who were < 17 years of age, had structural
valvular heart disease, or systemic disease (except from
hypertension), professional athletes, cases with 35 kg
m2<BMI and pregnant women were excluded from the
study

407 cases without any positive Real-Time (RT)-PCR test result
history for SARS-COV-2 and had not any heart or systemic
disease (except from hypertension), were included in the control
group

Figure | The Subjects inclusion flowchart diagram.

Since COVID-19, which accompanies conditions such as chronic obstructive pulmonary disease and myocardial
infarction, can cause severe respiratory distress and arterial blood values <90%, patients with concomitant systemic
diseases were excluded from the study before their chest tomography was analyzed. Depending on their chest CT severity
score, the recovered COVID-19 group was separated into three subgroups. Mild, moderate, and severe were the
classifications assigned to group II (155 instances), group III (56 patients), and group IV (42 patients). Group II
(modest): The CT severity score was classified as modest (<8). Group III (Moderate): The CT severity score fell within
the moderate range.®* "> Group IV (Severe): According to Table 1, the CT severity score was rated as severe.'®

The current research was carried out in compliance with the Declaration of Helsinki’s tenets. The Ethics Committee
of T.C. Firat University granted the ethical permission (No: 2021/12-45). In compliance with the confidentiality and
compliance of patient data, patient consent was waived by the ethics committee due to the retrospective nature of the
study and therefore patient consent was not obtained.

Table | Semi-Quantitative Chest Computed Tomography (CT) Severity Score and Chest CT Severity Index

Individual Lobar Scores Based on Percentage of COVID-19 Chest CT Severity Index Based on the Involvements of the
Involvement Five Lobes
Lobar involvement Score Total Score Severity (Category)
0-5% | <8 Mild
5%-25% 2 8-15 Moderate
26%-49% 3 16-25 Severe
50%-75% 4
>75% 5
International Journal of General Medicine 2025:18 htps: 4381
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Description of Supraventricular Ectopic Beats

To describe supraventricular ectopic beats, R-R interval tachograms and 4-lead Holter recordings were simultaneously
examined. If, in addition to the presence of definitive evidence of abnormal atrial depolarization, the R-R interval was
shortened by at least 20%, an ectopic beat was classified as a supraventricular premature beat. Only isolated premature
supraventricular ectopic beats with a significant post-ectopic pause were evaluated.’

24-Hour ECG-Holter Monitoring

To evaluate HRT, 24 hour electrocardiography (ECG)-Holter data were evaluated using a 4-lead Holter device
(Digitrak XT, Philips Medical Systems, Andover, USA) and Cardioscan II premier software (firmware version
C.2). HRT parameters were measured by the method reported by Bauer et al.° Turbulence onset (TO), which
represents the beginning the sinus rhythm acceleration phase, and turbulence slope (TS) which describes the
deceleration phase, were the two numerical IDs employed for the measurement. The start of heart rate turbulence
(HRT) was defined as the difference, expressed as a percentage, between the mean of the last 2 sinus rhythm RR
intervals before the supraventricular ectopic beat and the mean of the first two sinus rhythm RR intervals
following the compensatory pause following the supraventricular ectopic beat. HRT onset was computed with
the help of the formula below:

TO = [(RR1 + RR2) — (RR — 2+ RR — 1)/(RR — 2 + RR — 1)] x 100(%)

RR —1 and RR-2 refer to the 2 RR intervals immediately before the supraventricular ectopic beat, and RR1 and RR2
refer to the 2 RR intervals immediately after the compensatory pause (Figure 2). The highest positive slope of
a regression line assessed across any five consecutive sequences in the first fifteen consecutive sinus intervals following
a supraventricular ectopic beat was defined as the turbulence slope (TS), expressed in milliseconds per beat. An HRT
Slope of <2.5 ms/beat and an HRT Onset of >0% were considered abnormal.”

Statistical Evaluation

SPSS software (SPSS Inc., Chicago, IL, USA) version 27.0 was used for statistical analysis. The Kolmogorov—Smirnov test
was employed to examine the ability of continuous variables to follow a normal distribution. Since all of the continuous
variables showed abnormal distribution, for the one-way ANOVA test, Tamhane’s T2 correction was employed to analyze
these parameters and the variables were shown as median with 25th—75th. For categorical variables, using the chi-square test,
variations between groups in baseline characteristics were evaluated and were presented as numbers and percentages.
Spearman’s Rho and Pearson’s correlation analysis were used to analyze the correlation between continuous variables.
Binary logistic regression analysis was conducted to detect which variables would independently predict the presence of
abnormal atrial HRT onset. Results were presented as hazard ratios and 95% CI. Linear regression analysis was utilized to
detect which variables would independently affect atrial HRT onset value. Results were presented as unstandardized and
standardized B coefficients. P values were always two-tailed, and statistical significance was defined as values below 0.05.
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Figure 2 Measurement of the interval between RRI, RR2 and RR -1, RR-2 for supraventricular ectopic beats from 24 Hour ECG-Holter.
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Results

Of the 10081 cases whose 24-hour ECG Holter recordings were retrospectively examined, 735 (The controls: 407, The
recovered COVID-19 group: 328) were taken in the research. All cases were separated into four groups (controls, recovered
mild COVID-19, recovered moderate COVID-19, recovered severe COVID-19). Although the prevalence of abnormal
atrial HRT Onset existence and atrial HRT Onset value were significantly higher in the recovered severe COVID-19 group
compared to the other groups, no difference was found between the control and other Recovered COVID-19 groups
(Table 2) (Figure 3). However, no difference was found among the control group and other Recovered COVID-19 groups in
terms of abnormal atrial HRT Slope prevalence, atrial HRT Slope value, HT, smoking, age, and gender (Table 2).

Spearman’s rho and Pearson’s correlation analyses revealed a positive correlation between atrial HRT Onset and recovered
COVID-19 subjects’ chest CT severity score and recovered COVID-19 subgroups, while no association was found between atrial
HRT Onset and the Number of positive PCR tests for COVID-19 and time elapsed after COVID-19 (Table 3) (Figures 4 and 5).

Regression analyses revealed that recovery from severe COVID —19, recovered COVID-19 subjects’ chest CT
severity score, HT and smoking were predictors for abnormal atrial HRT onset existence and independently affected
atrial HRT onset values (Table 4 and Table 5).

It is clear from the table that the logistic model was developed to ascertain if the independent variables are useful in
forecasting the existence of abnormalities. The model’s variables have a 19.7% explanatory power in predicting the
existence of aberrant atrial HRT onset, and atrial HRT onset is significant (Model-1. p<0.001; Nagelke R* = 0.197)
(Table 4). As can be seen from the table, having a history of severe COVID-19 is a 3.851-fold risk factor for abnormal
atrial HRT Onset existence compared to not having a history of severe COVID-19 (p=0.002).

The developed linear regression model is significant when Model-2 is analyzed, and its explanatory power for the
impacts of its variables on the atrial HRT Onset value is 9.2% (p<0.001; Nagelke R* = 0.092) (Table 5). The table shows
that the recovered COVID-19 subjects’ chest CT severity value variable has a statistically significant effect on the
abnormal HRT Onset value. In other words, a 1-point increase in chest severity scores of individuals recovering from
COVID-19 increases the atrial HRT Onset value by 0.033 units (p<0.001).

Table 2 Comparison of Atrial HRT Parameters Between Recovered COVID-19 Subgroups and the Control Group

The Controls Group Il Group Il Group IV P
(Noun: 407) (Recovered (Recovered (Recovered
Mild COVID- Moderate Severe
19 Group, COVID-19 COVID-19
Noun:186) Group, Group,
Noun:87) Noun:55)
Age (Years) 43.0(26.0-55.0) 42.0(33.049.0) 44.0(39.0-54.0) 46.0(41.0-52.0) 21.0,°0.67,0.07,%0.60,%0.06,0.93
Gender (Male)(%) 48.2 49.5 50.6 54.5 20.77,°0.68,°0.37,%0.86, ©0.51,0.64
HT (%) 248 23.7 253 30.9 20.76,°1.0,°0.42,%0.88,°0.36,70.59
Smoking(%) 29.5 349 35.6 382 20.18,°0.26,50.25,%0.91,°0.78,0.89
Atrial HRT Onset(%) | —2.0(-2.2- —1.4) —2.0(-2.5--1.0) | —1.99(-2.1--1.0) | —1.2(-1.9- -0.0) 20.33,°0.08,°<0.001,0.96,°0.01,0.02
Atrial HRT Slope 12.0(9.0-15.0) 10.2(9.0-15.0) 10.5(8.5-14.2) 12.0(9.0-12.5) 20.86,°0.75, <<0.18,%1.0,0.68,70.95
(ms/beat)
Abnormal Atrial 5.4 6.5 9.2 23.6 20.75,°0.27,
HRT Onset(%) €<0.001,%0.57,°<0.001,70.03
Abnormal Atrial 5.2 4.8 5.7 7.3 21.0,°0.79, ©0.52,%0.77, °0.50,70.73
HRT Slope(%)

Notes: p value between control group and group Il.; °p value between control group and group Ill; °p value between control group and group IV; %p value between group Il
and group lII; ®p value between group Il and group IV; 'p value between group lIl and group IV. Bold font: p < 0.05 indicates statistical significance.
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Figure 3 Comparison of Atrial HRT Onset values between the groups.

Discussion
This study revealed that atrial HRT values and the presence of abnormal atrial HRT onset were higher in individuals who
had severe COVID-19 and recovered than in other individuals who did not have, while the atrial HRT slope value and the
presence of abnormal atrial HRT slope did not differ between the groups (Table 2) (Figure 3). Although a positive
connection was found among atrial HRT onset value/abnormal atrial HRT onset presence and subjects’ chest severity
score and COVID-19 subgroups with correlation analyses, no association was detected between these parameters and
having a positive PCR test record for SARS-CoV-2 and the time elapsed since COVID-19 (Table 3) (Figures 4 and 5).
Furthermore, analyses of regression showed that recovered COVID-19 subjects’ chest CT severity score, recovering from
severe COVID-19, smoking and HT were independent predictors of atrial HRT Onset value and abnormal atrial HRT
onset presence (Table 4 and Table 5).

SARS-CoV-2 binds to cardiomyocytes, type 2 pneumocytes, macrophages, and perivascular pericytes by binding to
transmembrane angiotensin-converting enzyme 2 (ACE2) following proteolytic cleavage of the S-protein by serine

Table 3 Spearman’s Rho and Pearson’s Correlation Analyses Between Atrial HRT Onset Value and Some Other Variables

Spearman’s rho Correlation Analysis Between Atrial HRT Onset Value, the Controls and Recovered COVID- Atrial HRT

19 Subgroups, Onset value
r P

Recovered COVID-19 subgroups 0.165 <0.001

Pearson’s correlation analysis between Atrial HRT Onset and Recovered COVID-19 subjects’ chest CT severity
score, Post COVID-19 recovery duration and Number of positive PCR tests for COVID-19.

Number of positive PCR tests for COVID-19 0.005 0.925
Post COVID-19 recovery duration (Week) —0.019 | 0.736
Recovered COVID-19 subjects’ chest CT severity score 0.253 <0.001
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Figure 5 Pearson’s correlation analyses between Atrial HRT Onset value and recovered COVID-19 subjects’ chest CT severity score.

protease. ACE2 is required for viral invasion, and ACE2 protein is found in many tissues, including the myocardium and
central nervous system (CNS).'*'* In addition to direct viral invasion of myocardial and coronary endothelial cells,
systemic inflammation, inappropriate T helper cell response after cytokine storm, increased calcium in myocytes induced
by hypoxia causing apoptosis, hypoxia due to cardiac and respiratory failure, increased adrenergic stimulation and
increased endogenous stress hormones, electrolyte imbalance, and side effects of medications taken to treat COVID-19
may be shown among the causes of cardiac clinical pictures seen in COVID-19.">'® Stromal edema in the heart,
secondary to vasculitis resulting from monocyte and lymphocyte infiltration into arterial and venous endothelial cells, is
considered another cause.'” It was thought that SARS-CoV-2 had neural invasion based on genomic sequencing from
cerebrospinal fluid (CSF) obtained from patients diagnosed with encephalitis and the isolation of similar viruses in brain
tissue during autopsy studies.'®'® Considering that ACE2 is found in the capillary endothelium, it is thought that

International Journal of General Medicine 2025:18 htps: 4385
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Table 4 Model-1. Binary Logistic Regression for Variables (Dependent Variable: Abnormal Atrial HRT Onset

Existence)

B S.E. | Hazard Ratio | 95% Confidence Interval P
HT 1.253 0.407 | 3.501 1.576 7.779 0.002
Smoking 0.900 | 0.401 | 2.460 1.120 5.401 0.03
Age 0.006 | 0.019 | 1.006 0.970 1.043 0.76
(Recovered Severe COVID-19 Group) 1.348 0.428 | 3.851 1.666 8.903 0.002
Gender 0.677 | 0.410 | 0.520 0.232 I.161 0.11
Post COVID-19 recovery duration (Week) —0.004 | 0.004 | 0.996 0.980 1.004 0.34
Number of positive PCR tests for COVID-19 | —0.265 | 0.443 | 0.768 0.322 1.829 0.55
Constant —2.318 | 1.808 | 0.098 0.20

Notes: Model p<0.001; Nagelke R? = 0.197.

Table 5 Model-2. Linear Regression for Variables (Dependent Variable: Atrial HRT Onset Value)

Unstandardized Coefficients | Standardized Coefficients t P

B Std. Error Beta
Gender 0.051 0.111 0.025 0462 | 0.65
Smoking —0.331 0.116 —0.153 —2.844 | 0.005
HT —0.351 0.129 —0.148 —2.723 | 0.007
Age 0.002 0.005 0.020 0.373 0.70
Post COVID-19 recovery duration (Week) —0.002 0.001 —0.071 —1.335 | 0.18
Recovered COVID-19 subjects’ chest CT severity score | 0.033 0.008 0.236 4.393 <0.001
Number of positive PCR tests for COVID-19 —0.005 0.132 —0.002 —0.040 | 0.97
(Constant) —0.680 0.494 -1.375 | 0.17

Notes: Model p<0.001; Nagelke R? = 0.092.

COVID-19 can reach the CNS by damaging the blood-brain barrier in this way.?’ Some studies suggest that SARS-CoV
-2, like previously reported SARS-CoV, may pass through the cribriform plate of the ethmoid bone into the systemic
circulation and the virus may perform central invasion through the microcapillary network between the blood circulation
around the ethmoidal bone and the brain.*'** According to another view, SARS-CoV-2 has the ability to invade
peripheral nerve terminals and slowly progresses through the synapse-related pathway to reach the CNS. In this context,
it has been previously shown that when SARS-CoV and MERS-CoV were administered to mice via the nasal route, the
virus reached the brain through the olfactory nerves and then affected different brain regions, including the thalamus and
brainstem.”>*' Apart from the direct entry of the virus into the nervous system, COVID-19 infection may cause
neurological problems due to widespread cardiopulmonary failure and metabolic abnormalities triggered by infection
of SARS-CoV-2 or as a result of autoimmune mechanisms.?® In particular, by producing more inflammatory cytokines,
the cytokine storm that takes place during the illness stimulates T cells, macrophages, and endothelial cells. Then, by
triggering vascular leakage, complement activity, and the coagulation cascade, elevated interleukin (IL)-6 release
damages neurons and the brain.**

Turbulent in heart rate is a phenomena seen in electrocardiograms that reflects momentary hemodynamic disturbances
resulting from ventricular premature beats and describes the short-term baroreflex-mediated variations in the duration of
the sinus cycle that occur after spontaneous ventricular premature beats. When compared to the rate before the ventricular
premature beats, the sinus rate in healthy persons temporarily increases, then decelerates, and finally returns to the basal
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rate.”> A momentary drop in blood pressure due to a ventricular premature beat activates baroreceptors, which in turn
causes a decrease in the RR interval cycle lengths as determined by TO and an increase in heart rate brought on by vagal
inhibition. Meanwhile, the ANS’s sympathetic arc is stimulated by temporary relative hypotension.?® Vascular resistance
and systolic blood pressure gradually rise due to increased sympathetic activity. As a result, vagal activity rises once
again and cycle durations are extended which is indicated as TS.?*2° Heart rate turbulence, therefore, requires a robust
interaction of both the vagal and sympathetic systems. A change in either of these systems can result in the absence of
normal heart rate turbulence.”” Some recent studies have shown that the HRT evaluation results performed by evaluating
atrial premature beats in patients with supraventricular premature beats indicate blunted HRT and that these patients are
prone to atrial fibrillation.”®

A triggering focal activator and alterations in the atrial electrophysiologic characteristics that might sustain AF are
both components of the pathophysiology of AF.>° According to experimental research, parasympathetic activation
significantly reduces the atrial effective refractory period, which makes it easier for AF to start and continue.’'*?
Premature beats are necessary in HR turbulence analysis, which examines changes in autonomic control over time.
Therefore, by examining the changes in the HR turbulence measurements before the onset of AF, we attempted to test the
hypothesis that modified vagal reactions to atrial premature beats might start before the onset of paroxysmal AF.” A brief
initial acceleration followed by a lengthier period of sinus rthythm slowdown characterizes the considered normal HRT
response. This results in a negative TO in individuals with an intact HRT response and a higher TS response than those
with an impaired HRT response. Therefore, both TO and TS parameters are considered to be related to the balanced
functioning of the ANS and baroreflex sensitivity.>?

If symptoms and signs persist for more than 12 weeks after COVID-19 infection and other causes are excluded, it is
considered Long-COVID-19 syndrome.’ Although the pathogenesis of this period is not clear, persistent hyperinflam-
matory process, ongoing viral activity within the viral reservoir of the host, inadequate antibody response and enduring
effects of tissue tropism are held responsible for the Long-COVID-19 syndrome. However, the presence and extent of
organ damage, the variability in the time required for recovery of all organ systems, the severe acute disease period,
intensive care syndromes, complications related to COVID-19 in the acute period, and the side effects of drugs used
during the acute disease process are also factors.>* Long-COVID syndrome, the incidence of which varies between 10%
and 60%, may include symptoms that concern many systems, such as fatigue, chest pain, shortness of breath, cough,
decreased exercise intolerance, headache, and loss of taste and smell. In addition, palpitations, joint pain, muscle pain and
weakness, insomnia, diarrhea, rash or hair loss, issues with balance and movement, issues with memory and focus, and
cognitive problems, including deteriorating quality of life, can be observed.*® In COVID-19 individuals, sinus tachy-
cardia is often the most prevalent arrhythmia.*® Nonetheless, the most likely pathogenic arrhythmias are ventricular
tachycardia, atrial fibrillation, or atrial flutter.*’*® The pathophysiology of COVID-19-associated AF is not well under-
stood, but some hypotheses that have been proposed include electrolyte and acid-base balance abnormalities that may
occur in the acute phase of severe disease, increased adrenergic activation, decreased angiotensin-converting enzyme 2
(ACE2) receptor count, sialic acid-spike protein and CD147 interaction, and myocardial and endothelial damage caused
by inflammatory cytokine storm.’® In the initial phase of severe COVID-19 illness, hypoxia and deficiencies in
electrolytes have been commonly documented. These conditions are believed to lead to the emergence of abrupt
arthythmias.*® An arrhythmia occurring at this stage may persist in the post-COVID period and cause a feeling of
palpitations. Several survey-based studies have reported that patients who had COVID-19 reported more complaints of
palpitations than patients who had never had COVID-19.°**' However, patients’ explanations of palpitations are
subjective interpretations, differ based on how the questionnaire is designed, and are not supported by concrete
electrocardiographic data. A recent study based on an online survey, in which no concrete electrocardiographic data
were documented, suggested that the cause of these complaints reported by the participants was postural orthostatic
tachycardia syndrome.*® As of today, objective ECG and Holter-ECG data are needed to show that subjective palpitation
complaints described in the post-COVID-19 period indicate specific cardiac arrhythmias. A recently published study
analyzing HRT of ventricular extrasystoles suggests that individuals who have recovered from severe COVID-19 may be
more likely to develop malignant ventricular arrhythmia than individuals who have never had severe COVID-19.*
Another recent study examining the effects of the post-COVID-19 period on HRT reported that HRT values were blunted
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in the group with positive current COVID-19 test results compared to the group with negative test results.*> Both studies
were based on ventricular extrasystoles. The current study analyzes the HRT of supraventricular ectopic beats and
whether individuals who have recovered from COVID-19 are predisposed to developing AF in the future.

Compared to the control group and other recovered COVID-19 subgroups, the recovered severe COVID-19 subgroup
in the current investigation had a substantially lower atrial HRT Onset value and a significantly greater prevalence of
aberrant atrial HRT Onset (Table 2) (Figure 3). Correlation analyzes revealed that abnormal atrial HRT Onset values were
associated with the severity of recovered COVID-19 and chest severity score, but not with the time after recovery or
history of positive PCR test results (Table 3) (Figures 4 and 5). Presence of abnormal atrial HRT onset using regression
analyses and the atrial HRT Onset value was independently predicted by smoking, HT, recovery from severe COVID-19,
and the chest CT severity level of recovered COVID-19 participants. The fact that atrial HRT values in group IV were
blunted compared to other groups can be linked to the invasive and medicinal procedures used in the treatment plan for
individuals with severe COVID-19 (the use of agents known to have harmful effects on the immune system and
myocardium, such as steroids, in high doses eg, Prednisolone 1 gram/day, intubation), prolonged profound hypoxia, as
well as to the being infected with high doses of SARS-CoV-2, which is believed to harm the ANS when a patient is
unwell. The findings suggest that those have recovered from severe COVID-19 are more likely than those who have not
had severe COVID-19 to have blunted atrial HRT and, thus, a greater risk of developing AF.

This investigation demonstrates that the HRT Onset responses to atrial premature impulses are blunted in recovered
severe COVID-19 individuals compared with the other groups. ANS dysfunction may be brought on by the neurological,
cardiac, and systemic symptoms of COVID-19 and the medications used to treat it, particularly corticosteroids and an ANS
dysfunction may result in deviant autonomic reflexes, such as the temporary augmentation of vagal outflow that lessens heart
rate variations in response to premature impulses, which explains these deviating HRT reactions to atrial premature beats.

There is a significant increase in the applications of recovered from COVID-19 individuals to psychiatric outpatient
clinics with complaints of palpitations. In recently published articles on this subject, a parallel treatment protocol is
introduced to the daily routine when palpitations are related to sadness, anxiety, or panic disorder.**** The COVID-19
process, medical and invasive treatment processes may lead to irreversible damage to the heart muscle itself, internal
conduction pathways or ANS. It should be kept in mind any potential harm to the heart’s tissue, the ANS, or the intrinsic
conduction pathways may cause supraventricular arrhythmia and therefore palpitation.

Limitations
Limitations of the study include the long-term effects of COVID-19 vaccines on the myocardium are not yet known and
these vaccines were ignored when evaluating the cases, as well as the retrospective nature of the study.

Conclusion

This study demonstrated that abnormal atrial HRT independently was associated with recovering from severe COVID-19.
In this context, this research offers verifiable proof of persistent palpitation complaints months after COVID-19
treatment, and it recommends a thorough 24-hour ECG-Holter examination for individuals who have recovered from
severe COVID-19 to identify abnormal atrial HRT presence early and prevent AF.
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