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ARTICLE INFO ABSTRACT
Background: There is limited data concerning the prevalence of arrhythmias, particularly atrial fibrillation (AF),
which may develop as a consequence of direct myocardial injury and the inflammatory state existing in
COVID-19.
Keywords: Methods: This single-center study included data concerning 658 COVID-19 patients, who were hospitalized in our
COVID-19 institute, between April 20th, 2020 and July 30th, 2020. Demographic data, findings of the imaging studies, and
Arrhythmia laboratory test results were retrieved from the institutional digital database.
Atrial fibrillation Results: New onset AF (NOAF) was identified in 33 patients (5%). Patients who developed AF were older (72.42 +
Inflammation 6.10 vs 53.78 &+ 13.80, p < 0.001) and had higher frequencies of hypertension and heart failure compared to pa-

CHA2DS2-VASc score tients without NOAF (p < 0.001, for both). The CHA2DS2-VASc score was higher in patients, who developed

NOAF, compared to those who did not during hospitalization for COVID-19 (p < 0.001). Subjects, who developed
NOAF during hospitalization, had a higher leukocyte count, neutrophil / lymphocyte ratio (NLR), C-reactive pro-
tein, erythrocyte sedimentation rate, and procalcitonin levels compared to those without NOAF (p < 0.001 for all
comparisons). Diffuse lung infiltration was also more frequent in COVID-19 patients, who developed NOAF, dur-
ing hospitalization (p = 0.015). Multivariate logistic regression analysis demonstrated that age, CHA2DS2-VASc
score, CRP, erythrocyte sedimentation rate, and presence of diffuse lung infiltration on thorax CT were predictive
for NOAF.
Conclusion: The prevalence of NOAF in hospitalized COVID-19 patients is higher than the general population. Age,
CHA2DS2-VASc score, C-reactive protein, erythrocyte sedimentation rate, and presence of diffuse lung infiltration
on thorax CT may be used to identify patients at high risk for development of NOAF. Especially among these pa-
rameters, the presence of diffuse lung infiltration on thorax CT it was the most powerful independent predictor of
NOAF development.

© 2020 Elsevier Inc. All rights reserved.

Introduction

The most common cardiac rhythm disorder in clinical practice, atrial
fibrillation (AF), is a critical condition that is associated with hemody-
namic disorders and thromboembolic events [1]. Although the fre-
quency of AF increases with age, its prevalence in the general
population is about 0.4% to 1% [2,3]. Contemporary data indicates that
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the risk of heart failure, ischemic stroke, and cardiovascular mortality
are increased in patients with AF [1]. Even though the exact mecha-
nisms leading to AF development are not fully understood, several risk
factors, including age, hypertension, coronary artery disease, cerebro-
vascular disease, and diabetes have been suggested to be associated
with the development of AF [4].

Coronavirus disease 2019 (COVID-19), caused by the severe acute
respiratory syndrome coronavirus-2 (SARS-CoV-2), is a new viral pneu-
monia that evolved into a pandemic within three months after the first
confirmed cases. Although COVID-19 primarily affects the lungs, cardio-
vascular involvement has also been reported extensively [5]. Direct
myocardial cell injury, myocardial oxygen supply/demand mismatch,
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acute plaque ruptures leading to acute coronary syndrome as a part
of systemic inflammation and catecholamine surge, and increased
thrombosis have been reported as cardiac manifestations. Some of
these are directly caused by the disease while others are associated
with the potential side effects of medications used for the treatment of
COVID-19 [6-8].

Acute myocarditis, acute coronary syndrome, and increased likeli-
hood of thromboembolic events have previously been reported in sub-
jects with COVID-19 [6-8].

However, data concerning the prevalence of arrhythmias, particu-
larly AF, which may develop as a consequence of direct myocardial in-
jury and the inflammatory state existing in COVID-19 patients, is
lacking.

The aim of this study was to describe the prevalence of new-onset AF
(NOAF) and identify risk factors associated with the development of
NOAF in subjects hospitalized for COVID-19.

Methods

This single-center, study, included data from patients admitted with
COVID-19 and hospitalized at our institute between April 20th, 2020
and July 30th, 2020. Our center is one of the dedicated healthcare cen-
ters for the management of COVID-19 patients in Turkey and thus, the
COVID-19 population demonstrated a high degree of variation in
terms of characteristics. The study plan was approved by the institu-
tional ethics committee and was conducted in accordance with the Hel-
sinki declaration. Informed consent for inclusion into this study was
obtained from all individual participants.

Patients, older than 18 years of age, who received a COVID-19 diag-
nosis via polymerase chain reaction (PCR) tests and had sinus rhythm at
admission according to 12-lead electrocardiogram (ECG), were included
in this study. Patients were excluded from the study if any of the follow-
ing criteria applied: preexisting permanent or persistent AF and patients
with a previous history of AF attack, presence of malignancy, pregnancy,
or breastfeeding. Patients with insufficient information in their hospital
files and severe renal or liver disease were also excluded from the study.

According to the definitions in the “COVID-19 Diagnosis and Treat-
ment Guide” printed by the Turkish Ministry of Health, the clinical def-
inition of the patients was as follows: Mild illness presents with features
such as fever, muscle/joint pain, cough, sore throat, and nasal conges-
tion, with or without mild pneumonia together with a respiratory
rate < 30/min and an O2 saturation above 90% while breathing room
air. Severe illness is defined with widespread findings of pneumonia
in computed tomography (CT). Critical illness defines the requirement
of the Intensive care unit (ICU). The routine criteria for ICU admission
at our center were as follows (according to Ministry of Health guide-
lines): Signs conclusive for severe respiratory failure, including having
an SpO, of £92% in ambient air, need for >6 L O,/min, need for NIV
(non-invasive ventilation) or IMV (invasive mechanical ventilation).

Immediately after the diagnosis of COVID-19, routine blood laboratory
tests were performed at the time of hospitalization. Demographic data,
findings of the imaging studies, and routine blood tests, including serum
troponin I results were retrieved from the institutional digital database.
Control troponin I levels measured in patients, who developed NOAF,
were also found in the hospital registry system and were considered nor-
mal if they were below the upper reference limit of the 99th percentile.

The presence of pneumonia was confirmed by computerized tomog-
raphy imaging (CTI) within 24 h of hospital admission for all patients.
All COVID-19 patients in our study had signs of pneumonia on CTI

Examination of the radiological findings showed that the lesions
tended to be located more in the peripheral and lower lobes. The most
common radiological findings of the patients were bilateral ground
glass, diffuse infiltration, consolidation, and unilateral ground glass
opacities.

The aim of the study was the finding of an occurrence of any episode
of NOAF within the period of hospitalization as documented by medical
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records, ECGs, rhythm strips, and Holter monitors accordingly. All pa-
tients hospitalized in the intensive care unit (ICU) were followed up
with a rhythm during their stay in the ICU. AF attacks lasting 230 s
were recorded. The diagnosis of NOAF in other patients was determined
according to ECG findings, evaluation of rhythm strips, and medical
records.

The standard COVID-19 treatment protocol recommended by the
Science Advisory Board of the Turkish Ministry of Health, including
Oseltamivir phosphate 75 mg twice daily, hydroxychloroquine 200 mg
twice daily, and azithromycin 250 mg once daily (following a 500 mg
loading dose} were administered to all patients. All patients had a base-
line ECG at the time of hospitalization. A daily ECG was taken 12 h after
the first drug dose and on the following days in all patients. A QTc inter-
val exceeding 500 ms was accepted as the warning limit (7).

The CHA2DS2-VASc score and CURB-65 (Confusion, Urea nitrogen,
Respiratory rate, Blood pressure, and age > 65 years; Patients were
given 1 point for each parameter) score was calculated for all subjects
at the time of hospitalization. Depending on the CHA2DS2-VASC score,
patients were given 1 score for congestive heart failure, hypertension,
age 65-74 years, diabetes mellitus, vascular disease, female sex, and 2
points for age > 75 years and prior stroke or transient ischemic attack.

Patients were divided into two groups as follows: Patients, who de-
veloped AF during hospitalization (Group 1) and patients, who did not
develop AF during hospitalization (Group 2). The primary outcomes of
this study were the differences between these two groups in terms of
demographic characteristics, laboratory measurements, and imaging
findings. The role of several risk factors on the development of NOAF
was also evaluated via multivariate analysis.

Statistical analysis

Statistical analyses were performed using SPSS version 21.0 (SPSS
Inc., Chicago, IL, USA) software for Windows. The distribution of quanti-
tative variables was checked with the Shapiro Wilk test. Descriptive
data was given as mean + standard deviation and median (inter quar-
tile range, IQR) depending on normality of distribution. The indepen-
dent Sample t-test was used for the comparison of normally
distributed quantitative variables and the Mann-Whitney U test was
used for the comparison of non-normally distributed quantitative vari-
ables. The comparison of the distributions of categorical variables was
performed with chi-square tests. Continuous variable distribution
among the groups (patients with mild, severe, and critical illness) was
done by One Way Anova. Variability between groups was performed
by the LSD test. The effects of different variables on the development
of NOAF were calculated with univariate analysis. Variables for which
the unadjusted P value was <0.10 were included in the last multivariate
model to identify NOAF predictors. P-values equal to or lower than 0.05
were considered to demonstrate statistical significance.

Results

A total of 726 patients hospitalized for COVID-19 were screened for
inclusion. The initial ECG of 11 patients was AF, 6 patients had a previ-
ous history of AF, 51 patients were not included because of the other ex-
clusion reasons, and the remaining 658 patients (92.5%) were included
in the study (Fig. 1). The mean age of the patients was 54 + 14, and
43.4% were female. The comorbidities with the highest frequency
were as follows: hypertension (31.9%, n = 210), diabetes (18%, n =
119), and chronic respiratory diseases, such as asthma or COPD
(16.8%,n = 111).

NOAF was identified in 33 patients (5%). In 31 patients, NOAF devel-
oped within the first 72 h of hospitalization, and in the remaining 2 pa-
tients, NOAF developed within the first week of hospitalization. Among
these 33 patients, 11 were followed-up in the ICU. All of them were tak-
ing hydroxychloroquine (HCQ), azithromycin, and favipiravir treat-
ments. These patients had normal QTc (415 ms, average for all)
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[ 726 COVID-19 patients enrolled ]

11 patients persistan/permanent AF
6 patients previous history of AF

51 patients other exclusion reasons

[ 658 COVID-19 patients included in the study ]

[ 625 patients free from AF ] 33 patients experienced AF

26 returned in sinus rhythm 7 remained AF

Fig. 1. Patients' study flow schema.

intervals before treatment. After treatment, these QTc values still
normal (460 ms, average for all). No patients needed to discontinue
treatment due to QTc prolongation and thus, there were no treatments
applied for this condition.

Baseline laboratory findings and demographic features of the study
subjects are presented in Table 1. Patients who developed AF were
older (72.42 + 6.10 years vs. 53.78 4+ 13.80 years, p < 0.001) and had
higher frequencies of hypertension and heart failure compared to pa-
tients without NOAF (66.6% vs. 30%, p < 0.001; 27.2% vs. 6.4%,
p <0.001, respectively). The CHA2DS2-VASc score was also significantly
higher in patients, who developed NOAF, compared to COVID-19 pa-
tients without NOAF (3.42 4 0.56 vs. 1.36 4+ 1.27, p < 0.001).

The clinical parameters, laboratory, and radiographic findings of the
patients are presented in Table 2. Subjects, who developed NOAF during
hospitalization, had higher C-reactive protein (CRP), erythrocyte sedi-
mentation rate, procalcitonin, leukocyte count, and neutrophils/lym-
phocytes ratio (NLR) compared to those who did not develop NOAF
(p < 0.001 for all comparisons).

The CURB-65 score, which was used to stratify the severity of the
pneumonia in patients, was significantly higher in those who developed
NOAF compared to those without NOAF (1.72 + 0.28 vs. 0.69 + 0.09,

Table 1

Demographic and clinical characteristics, laboratory findings and in-hospital course of the
general population with COVID-19 and in the two subgroups according to the occurrence
of new onset atrial fibrillation (NOAF) during hospital stay.

NOAF during hospitalization

Yes No P value
Number of patients 33 (%5) 625 (94.9) -
Age, years 7242 £ 610 53.78 £ 13.80  <0.001
Gender, female, n 17 (%51.5) 269 (%43) 0.338
Diabetes Mellitus, n 7 (%21.2) 112 (%17.9) 0.632
Hypertension, n 22 (%66.6) 188 (%30) <0.001
Vascular disease, n 6 (%18.1) 91 (%14.5) 0.567
Heart Failure, n 9 (%27.2) 40 (%6.4) <0.001
Stroke/transient ischemic attack, n 0 7 (%1) 0.541
Smoking, n 6 (%18) 74 (%12) 0.277
COPD/ Asthma, n 7 (%21) 104 (%16) 0.497
Family history of atrial fibrillation 0 4 (%0.6) 0.645
Valvular heart diseases, 2 (%6) 17 (%2.7) 0.264
Previous episodes of CAP 3 (%9) 68 (%10.8) 0.532
CHA2DS2-VASc 342 + 0.56 1.36 + 1.27 <0.001

NOAF: new onset atrial fibrillation.

COPD: chronic obstructive pulmonary disease.

PAF: paroxysmal atrial fibrillation.

CAP: Community-acquired pneumonia.

CHA2DS2-VASc: Congestive heart failure/left ventricular dysfunction, Hypertension, Age
(= 75 years 2 points), Diabetes, Stroke/transient ischemic attack (2 points), Vascular dis-
ease, Sex category.
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Table 2
Clinical parameters. Laboratory and radiographic findings of the study groups.

NOAF during hospitalization

Yes No P value
Number of patients 33 (%5.0) 625 (94.9) -
Creatinine, mgy/dl 0.88 + 0.14 1.10 + 0.02 0.761
AST, U/L 2237 £ 420 2496 + 3.50 0.531
ALT, U/L 18.15 £ 560 25.03 £ 7.35 0.158
Hemoglobin, mg/dL 1295 + 1.87 1417 + 2.12 <0.001
WBC, x10°/ L 1292 + 2,12 849 + 1.98 <0.001
Neutrophils/Lymphocytes ratio (NLR) 10.03 4+ 2.02  3.92 4+ 1.94 <0.001
Platelets, x10%/ pL 2349 + 55.51 242.86 4+ 42.29 0.550
C-reactive protein, mg/L 11037 + 233 3732 + 11.83 <0.001
ESR 49.21 4+ 30.17 27.17 4+ 2325 <0.001
Procalcitonin, ng/mL 2.32 4+ 047 0.32 4+ 0.05 <0.001
Troponin I 0.01 0.01 1
Pneumonia Severity and Scores
CURB-65 1.72 4+ 0.28 0.69 + 0.09 <0.001
Bilateral Ground Glass, n 22 (%66) 375 (%60) 0.445
Diffuse lung infiltration, n 11 (%33) 105 (%16) 0.015
Course of Hospitalization and Outcome
Hospital Stay, days 10.63 + 1.67 8.97 + 2.94 <0.001
ICU Admission, days 11 (%32) 48 (%8) <0.001
In-Hospital Mortality, n 2 (%6) 12 (%1.9) 0.108
Severety of Ilness
Mild - 66 (%10.5) <0.001
Severe 22 (%66.6) 511 (% 81.7) <0.001
Critical 11 (%33.3) 48 (%7.6) <0.001

ESR: Erythrocyte sedimentation rate.

NOAF: New onset atrial fibrillation.

WBC: White Blood Cell.

CURB-65: Confusion. Urea. Respiratory rate. Blood pressure. Age > 65 years.

ICU: intensive care unit.

ICU admission: Number and percentage of patients who need intensive care and are
followed up in intensive care unit.

p < 0.001). The frequency of diffuse lung infiltration was also higher
in those with NOAF compared to those without (33% vs. 16%, p =
0.015). Length of hospital and ICU stay were also significantly longer
in patients, who developed NOAF.

Baseline characteristics and the ECG findings of the patients with
mild, severe, and critical illness are shown in Table 4. Accordingly, crit-
ically ill patients were older. In addition, it has been observed that crit-
ically ill patients have more comorbidities, such as hypertension (HT),
heart failure, have higher CHADS2VASc and CURB-65 scores, and stay
in the hospital longer. Serum CRP and WBC levels were also higher
(P < 0.001, for all). As expected, the heart rates of critically ill patients
were higher (p < 0.001).

After including the variables that were found significant in the uni-
variate analysis, age, HT, heart failure, CRP, WBC, ESR, Procalcitonin,
the presence of diffuse lung infiltration on thorax CT, and CHA2DS2-
VASc and CURB-65 scores emained for multivariate logistic regression
analysis.

Multivariate logistic regression analysis demonstrated that age (OR:
1.135, 95% CI: 1.0197-1.263, p = 0.020), CHA2DS2-VASc score (OR:
2.511, 95% CI: 1.182-5.331, p = 0.017), CRP (OR: 1.017, 95% CI:
1.005-1.029, p = 0.004), erythrocyte sedimentation rate (OR: 1.031,
95% CI: 1.003-1.059, p = 0.026), and presence of diffuse lung infiltra-
tion on thorax CT (OR: 24.443, 95% CI: 3.905-152.994, p = 0.001)
were predictive for the development of NOAF in hospitalized COVID-
19 patients (Table 3). Especially, among these parameters, the presence
of diffuse lung infiltration on thorax CT was the most powerful indepen-
dent predictor of NOAF development.

On the discharge documents of the patients, it was seen that 26 pa-
tients with NOAF returned to sinus rhythm, while 7 did not. These pa-
tients were treated according to the AF treatment guideline of
European Society of Cardiology (ESC). As known, if the CHA2DS2VASC
score is 1 in males, and 2 in women, anticoagulant treatment is
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Table 3
Univariate and multivariate predictors of new onset atrial fibrillation (NOAF) in hospitalized patients with COVID-19.
Unadjusted OR 95% CI p value Adjusted OR 95% Cl p value

Age, years 1.136 0.999-1.291 0.051 1.135 1.019-1.263 0.020
Hypertension 1.560 0.247-9.835 0.636 - - -
Heart Failure 0.728 0.111-4.776 0.741 - - -
CURB-65 0.805 0.176-3.681 0.780 - - -
Diffuse lung infiltration 12.417 0.928-166.005 0.057 24.443 3.905-152.994 0.001
CHA2DS2-VASc 2.674 1.089-6.561 0.032 2.511 1.182-5.331 0.017
Procalcitonin 1.012 0.888-1.154 0.848 - - -
ESR 1.035 1.002-1.069 0.037 1.031 1.003-1.059 0.026
WBC 1.056 0.903-1.236 0.490 - - -
CRP 1.013 0.999-1.028 0.064 1.017 1.005-1.029 0.004

CURB-65: Confusion, Urea, Respiratory rate, Blood pressure, age > 65 years.

CHA2DS2-VASc: Congestive heart failure/left ventricular dysfunction, Hypertension, Age (> 75 years 2 points), Diabetes. Stroke/transient ischemic attack (2 points), Vascular disease, Sex

category.

ESR: Eritrocyte Sedimentation Rate.
WBC: White Blood Cell count.

CRP: C reactive protein.

recommended according to the ESC guideline. The CHA2DS2VASc score
of patients, who developed NOAF in our study group was calculated sep-
arately for each patient, anticoagulant treatment was given to these pa-
tients as recommended in the ESC guideline. At the same time, since
NOAF was detected in patients, rhythm control was performed in eligi-
ble patients. Rate control treatment was applied to patients who could
not be successful with rhythm control [9].

Discussion

In our group of hospitalized patients with COVID-19, NOAF was ob-
served in 5%. Patients, who developed NOAF during hospitalization for
COVID-19, were more likely to have hypertension, heart failure, older
age, and higher CHA2DS2-VASc score compared to those who did not
develop NOAF. CRP erythrocyte sedimentation rate, procalcitonin
level, leukocyte count, and (NLR) were significantly higher in patients
with NOAF than those without NOAF during hospital stay. Moreover,
diffuse lung infiltration was also more frequent in COVID-19 patients,
who developed NOAF. Older age, higher CHA2DS2-VASc score, higher
CRP, higher erythrocyte sedimentation rate, and presence of diffuse
lung infiltration on thorax CT were identified as predictors for the devel-
opment of AF in hospitalized COVID-19 patients.

The prevalence of AF in the general population is estimated to be
0.4% to 1.0% (2). AF also constitutes a common rhythm disorder for hos-
pitalized patients, particularly for those with severe medical illness. Fur-
thermore, AF has been reported to occur in 25%-30% of patients
undergoing cardiac surgery and in about 3% of patients undergoing
non-cardiac surgery. The risk of NOAF in patients hospitalized for pneu-
monia has been investigated in a number of studies. In a recent prospec-
tive study conducted by Pieralli et al., the authors reported that 10.3% of
the study population, who were admitted for community-acquired
pneumonia (CAP), experienced NOAF during hospitalization. Their find-
ings were also remarkable for the role of CHA2DS2-VASc in predicting
the development of NOAF in this patient population [10]. In a national
cohort study, which included 32.689 patients hospitalized with pneu-
monia and 12% of the study population, were reported to have a new di-
agnosis of cardiac arrhythmia within 90 days of admission [11]. These
findings show that patients hospitalized for pneumonia may be at
higher risk for AF development. It has also been reported that increased
serum inflammatory cytokines and presence of acute metabolic disor-
ders (such as electrolyte abnormalities, hypo/hyperthermia, and hypox-
emia) were indicated as triggers for AF during hospitalization for
pneumonia [12,13]. Among these factors, inflammation has been
shown to play a critical role in the development of NOAF, regardless of
the presence of traditional risk factors (hypertension and coronary ar-
tery disease) [14-16]. Additionally, inflammatory mediators, including
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CRP, interleukin-6 and tumor necrosis factor-alpha (TNF-alpha), have
been shown to induce AF development in patients with coronary artery
disease or chronic kidney disease [17-19].

COVID-19 is novel coronavirus infection, which predominantly af-
fects the lungs and leads to rapidly progressing respiratory failure in a
substantial amount of subjects. In Covid-19, after the respiratory sys-
tem, the system that is most affected is the cardiovascular system.
Many processes that affect the cardiovascular system directly and indi-
rectly work together.

Pre-existing cardiovascular disease (CVD), hypoxia, adult respira-
tory distress syndrome (ARDS), cytokine storm, hypotension, shock,
microvascular thromboses, arrhythmias, stress-induced cardiomyopa-
thy, cardiogenic shock, viral myocardial invasion, or inflammation alto-
gether lead to cardiac injury. For this reason, some authors have

Table 4
Baseline characteristics and the ECG findings of the patients with mild, severe and critical
illness.

Variables MILD SEVERE CRITICAL P

(n = 66) (n = 533) (n =59) Value
Age, years 535 + 142 56,1 +£13.7 636+ 10 <0.001
Gender, female, n 33 (50%) 223 (41%) 30 (50%) 0.152
Diabetes Mellitus, n 2 (16%) 91 (17%) 16 (27%) 0.155
Hypertension, n 14 (21%) 163 (30%) 33 (55%) <0.001
Vascular disease, n 2 (3%) 83 (15%) 2 (20%) 0.029
Heart Failure, n 1(1%) 30 (5%) 18 (30%) <0.001
Valvuler Heart Disease,n 0 15 (2.8%) 4 (%4) 0.076
COPD /Asthma, n 2 (3%) 95 (17%) 14 (23%) 0.003
CHA2DS2-VASc 134 +£ 07 157 £ 096 2.42 + 1.03 <0.001
CURB-65 0.64 +£ 041 0.78 £0.38 1.27 4+ 061 <0.001
Hospital Stay, days 51+ 13 89 + 2.1 145 + 1.2 <0.001
Laboratory findings
CRP, mg/L 29 + 134 409 + 11.8 572 +£ 123 <0.001
WBC, x10°/ L 845 + 4.2 8.66 + 421 9.48 + 4.56 <0.001
ESR 219 + 34 283 £ 13 332 £+ 5.6 0.189
Radiographic Findings
Bilateral Ground Glass, n 4 (6%) 388 (72.7) 5 (8.4%) <0.001
Diffuse lung infiltration,n 0 62 (11.6%) 54 (91.5%) <0.001
ECG Finding
Heart rate (beat/min) 76.6 + 13 776 + 164 1044 + 12.7 <0.001
PR, ms 1482 + 514 1574 + 186 1543 £ 742 0314
QTc interval (ms) 410.6 4+ 18.3 415.1 + 229 419.8 4+ 22.5 0.091
QRS duration (ms) 852 + 9.6 86.27 + 12.4 87.08 + 16.01 0.722

CURB-65: Confusion, Urea, Respiratory rate, Blood pressure, age > 65 years.
CHA2DS2-VASc: Congestive heart failure/left ventricular dysfunction, Hypertension, Age
(2 75 years 2 points), Diabetes. Stroke/transient ischemic attack (2 points), Vascular dis-
ease, Sex category.

CRP: Creactive protein, WBC: White Blood Cell count, ESR: Eritrocyte Sedimentation Rate.
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suggested the term “Acute Covid-19 Cardiovascular Syndrome”. Since
acute cardiac damage, shock, and arrhythmia have been seen in sub-
stantial numbers in the course of the disease, this term, which sums
up the situation well, is increasingly used [20,21].

Extensive data reveals that inflammatory state and cytokine storm
accompanies pneumonia in a subset of patients with COVID-19 [22]. Cir-
culating TNF-alpha, IL-6, and IL-1f> have been shown to increase in pa-
tients with COVID-19 infection [23]. However, despite the link
between the inflammation and AF, data concerning the prevalence of
NOAF, which may worsen clinical course in patients with COVID-19, is
lacking. To the best of our knowledge, this is the first study to have eval-
uated the prevalence of NOAF and associated risk factors in hospitalized
COVID-19 patients.

The prevalence of NOAF in our study population was found to be 5%.
Although this rate is significantly higher than the prevalence values re-
ported for the general population, it was significantly lower than the
rates found in patients hospitalized for CAP. The reason for this can be
explained by the fact that the patients in our study group had fewer co-
morbid diseases and their pneumonia severity was lower than the
aforementioned studies. In particular, the fact that the average age of
the patients in our study was much lower than in the mentioned studies
may have decreased the incidence of NOAF. In addition, the fact that the
patients in the mentioned studies were also selected from patients with
more critical and likelihood of intensive care needs may have increased
the incidence of AF.

Consistent with the previous evidence in patients with pneumo-
nia, we found that inflammatory markers (CRP, procalcitonin, eryth-
rocyte sedimentation rate, and NLR) were significantly increased
among patients with NOAF compared to those without NOAF. In ad-
dition, hypertension and heart failure were more frequent, and age,
CURB-65 score, and CHA2DS2-VASc score were significantly higher
in patients with NOAF compared to those without NOAF. Moreover,
our findings show that markers of inflammatory state, such as CRP
and erythrocyte sedimentation rate, may predict the development
of NOAF in COVID-19 patients. These findings confirm the results of
previous studies, which underline the role of inflammation in the
pathogenesis of AF.

Another important finding of this study was that CHA2DS2-VASc
score was identified as an independent predictor for the development
of NOAF in COVID-19 patients. The CHA2DS2-VASc score is a simple
and practical scoring scheme, which was initially used for stroke risk
discrimination among patients with AF. The CHA2DS2-VASc score
has been shown to predict NOAF in patients with type-2 diabetes,
dyslipidemia, community-acquired pneumonia, or -cancer. It is also
predictive for postoperative AF in patients undergoing cardiac surgery
[10,22,24-26]. This is the first study to suggest CHA2DS2-VASc as a
parameter to identify patients at high risk for developing NOAF during
COVID-19.

Of note, it is also remarkable that the severity of the pneumonia (as
measured by CURB-65 score) was identified to be effective in the devel-
opment of NOAF. Furthermore, the presence of diffuse lung infiltration
on thorax CT was determined as an independent predictor for the devel-
opment of NOAF in patients with COVID-19. It is accepted that the dis-
ease enters the cell through angiotensin converting enzyme (ACE-2)
receptors in the upper respiratory tract mucosa epithelium and lower
respiratory tract, and replication continues. Thus, pneumonia findings
became prominent and determinant in the clinical course of the disease.
However, respiratory system findings have been seen in different clini-
cal severity during the course of the disease. It ranges from uncompli-
cated mild illness to severe pneumonia and ARDS [27]. Since diffuse
lung infiltration is an indicator for more severe pneumonia, it may
also be associated with a more prominent inflammatory state during
the course of COVID-19. The pathophysiological mechanism may be a
cytokine-mediated vasoconstriction that causes ischemia at the pulmo-
nary venous atrial interface, where AF mostly occurs [28]. In addition to
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the increased inflammatory state, the further increase in endogenous
catecholamine release and hemodynamic instability may also trigger
AF. With the development of pulmonary inflammation, disruption in
gas exchange, i.e. ventilation / perfusion imbalance occurs, which
leads to hypoxemia. As a result, diffuse lung infiltration may precipitate
hypoxemia, which could be another explanation for the development of
NOAF in patients with COVID-19. In the present study, the presence of
diffuse lung infiltration on thorax CT was found to be the strongest inde-
pendent parameter affecting NOAF formation.

With these results and previous studies in mind, we showed that the
risk of NOAF is higher in hospitalized COVID-19 patients. Moreover, age,
CHA2DS2-VASc score, C-reactive protein, erythrocyte sedimentation
rate, and presence of diffuse lung infiltration on thorax CT may be
used to identify COVID-19 patients at high risk for development of
NOAF. In-hospital mortality rate was similar for those with and without
NOAF during the hospital course. However, this study was not designed
to assess mortality and it is evident that a larger sample size would be
required to elucidate the role of NOAF on mortality in COVID-19
patients.

Limitations.

This study has some limitations to be mentioned. The retrospective
design is the main drawback of this study. Second, echocardiography
data was not available for all patients and therefore could not be used
in data analysis. Third, the relatively small number of patients and the
fact that it was a single center study. Fourth, because the drug treatment
algorithm recommended by the Ministry of Health was applied to all
hospitalized subjects and almost all subjects received the same agents
for medical treatment, the specific role of drugs could not be compared
in patients with and without NOAF. Lack of Holter monitoring or long-
term ECG monitoring for all patients is also one of the main limitations
of the study and, it is likely that silent AF may have been undetected.
Hence, we may have underestimated the real incidence of AF in
COVID-19. Larrger and multicenter studies should be performed to bet-
ter analyze all the possible predictors of AF. Nevertheless, we believe
that our findings add valuable information to the current knowledge
on the prevalence of NOAF and associated risk factors for the develop-
ment of NOAF in COVID-19 patients.

Conclusions

The prevalence of NOAF in hospitalized COVID-19 patients is higher
than the general population. Age, CHA2DS2-VASc score, C-reactive pro-
tein, erythrocyte sedimentation rate, and presence of diffuse lung infil-
tration on thorax CT may be used to identify patients at high risk for
the development of AF in patients hospitalized for COVID-19. Among
these parameters, we found that the presence of diffuse lung infiltration
on thorax CT was the most powerful independent predictor of NOAF
development.
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