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for severe forms of novel coronavirus disease (COVID-19) or worse prognosis remain unclear. Hence, we sought
to assess the association of permanent AF with in-hospital outcomes in patients with COVID-19.
Methods: This was a single-centered, retrospective, observational study including consecutive hospitalized pa-
Background:Data specifically addressed towhether atrial fibrillation (AF) would contribute to increasing the risk

tients with COVID-19. The primary outcome for the study was defined as all cause in-hospital mortality. Clinical
characteristics and outcomes of patients with AF were compared to patients without AF.
Results: Three hundred and fifty hospitalized COVID-19 patients (median age of 55 years, 55.4% men) were en-
rolled. Of them 40 (11.4%) had AF. Patients with AF were older; were more likely to have co-morbidities, abnor-
mal chest radiographyfindings and deteriorated laboratory parameters such asD-dimer, troponin, albumin, urea.
In-hospital mortality was higher in patients with AF compared to patients without AF (32.5% vs. 13.5%, log-rank
p = 0.002, RR 2.40). The number of patients who needed intensive care unit (55% vs. 31%, p = 0.002) and
invasive mechanical ventilation (35% vs 15.2%, p = 0.002) were also higher in the AF group. In addition, length
of in-hospital stay was longer in patients with AF (median 8 vs. 7 days, p = 0.008). After adjustment for age
and co-morbidities, multivariable analyses revealed that AF (HR: 2.426, 95% CI: 1.089–5.405, p=0.032) was in-
dependently associated with in-hospital death.
Conclusions: AFwas seenwith togethermarkers of severe COVID-19, and the presence of AF was an independent
predictor of in-hospital mortality in patients with COVID-19.

© 2021 Elsevier Inc. All rights reserved.
Introduction

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2),
also known as the new coronavirus, infects humans and causes novel
coronavirus disease 2019 (COVID-19), a highly transmittable disease
[1]. As of 20Oct 2020, thereweremore than 40million patients infected
globallywith over 1million deaths [2]. Although themajority of COVID-
19 patients presentwithmild illness, more than 15% have developed se-
vere disease to multi-organ failure [3]. SARS-CoV-2 infection presents
with a wide of clinical manifestations including cardiac involvement. A
high proportion of severe COVID-19 patients have co-morbidities [4].
COVID-19 is mostly characterized by symptoms in the respiratory
anMenderesMahallesi, 132. Sk.

r).
tract; however older age, hypertension, coronary artery disease (CAD),
diabetes mellitus (DM) and cerebrovascular disease frequently accom-
pany COVID-19 infections increasing morbidity and mortality of these
patients [5,6]. In addition, recent findings have highlighted the extra-
pulmonary thromboembolic complications of the disease [7–9].

Atrial fibrillation (AF) is one of the most common sustained cardiac
arrhythmia encountered in clinical practice. It is usually associated
with aging, a variety of cardiovascular co-morbidities and increased
thromboembolic risk [10]. AF has been reported to occur in 5–22% of
hospitalized patients with SARS-CoV-2 infection [11,12]. COVID-19 pa-
tients with other cardiac diseases, such as chronic heart failure (CHF)
and hypertension, have been shown that associated with worsening
clinical outcomes [13,14]. However, the mechanisms by which cases
with AF may be at increased risk are not known [15]. Furthermore,
data specifically addressed to whether AF would contribute to increas-
ing the risk for severe forms of COVID-19, worse prognosis, or even
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highermortality are scanty. Therefore, in this report, we aimed to inves-
tigate the association of permanent AF with in-hospital outcomes in pa-
tients with COVID-19.

Methods

Study design and participants

The present retrospective, observational cohort study consisted of all
consecutive hospitalized adult patients with confirmed positive naso-
pharyngeal or oropharyngeal SARS-CoV-2 reverse-transcriptase–
polymerase-chain-reaction assay who were admitted to Manisa-
Merkezefendi State Hospital between April 1 and July 1, 2020. The
study received approval by the Institutional ReviewBoard at theManisa
Celal Bayar University (Approval No: 24/08/2020–96). Approval was
also obtained from TheMinistry of Health of Turkish Republic. Informed
consent was waived because of the retrospective nature of the study.

Data collection

All demographic characteristics (age and sex), symptoms, physical
examination findings, pre-existing co-morbidities, laboratory para-
meters, medications and outcome data were extracted from the
in-hospital medical records. All patients underwent chest computed
tomography (CT), and tomographic findings were abstracted from the
radiology reports and categorized based on themost abnormal findings.
Complications including intensive care unit (ICU) admission and respi-
ratory failure requiringmechanical ventilationwere noted. After the pa-
tients were admitted to the hospital, their myocardial troponin I (cTnI),
D-dimer, C reactive protein (CRP), albumin, ferritin, serum electrolyte,
lymphocyte concentrations were recorded. We evaluated the medical
therapy during hospitalization. The electrocardiogram (ECG) recording
device was MAC 2000, GE Medical Systems Information Technologies,
Inc., Milwaukee, USA. ECGs were recorded at 25mm/s and 1mV/cm ac-
cording to standard protocol. The first ECG done at the time of presenta-
tion was considered the admission ECG. All standard 12‑lead ECGs
recorded during hospitalization were reviewed. ECG analysis was inde-
pendently performedby two experienced cardiologists. The diagnosis of
AF was based on a 12‑lead standard ECG performed.

The exclusion criteria were: uncertain COVID-19 diagnosis or un-
availability of 12‑lead ECG.

Definitions

Fever was defined as axillary temperature of at least 37.5 °C. Body
mass index (BMI) was calculated as weight divided by height2 and
expressed as kg/m2. DM was defined as a fasting glucose of ≥126 mg/dL,
randomglucose of ≥200mg/dL, or the use of hypoglycemicmedications.
Hypertensionwas defined based on current guidelines. Anemiawas de-
fined as haemoglobin <13 g/dL in men, and <12 g/dL in women. CAD
was determined systematically using a combination of self-report (a
history of myocardial infarction, coronary revascularization, or angio-
graphic evidence of stenosis in one or more coronary arteries of >50%
of the luminal diameter), ECG results, review of all available prior med-
ical records. Renal failure (RF) was defined by the presence of an esti-
mated glomerular filtration rate, calculated by the CKD-EPI equation,
of ≤60 mL/min/m2. Other comorbid conditions were abstracted from
electronic health records.

Clinical outcomes

All participants were followed-up during hospitalization. The pri-
mary outcome for the studywas defined as all cause in-hospitalmortal-
ity. Secondary endpoints included length of in-hospital stay, need for
ICU, and receiving invasivemechanical ventilation. Clinical characteristics
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and outcomes of patients with AF were compared to patients without
AF. Also, survivors were compared with non-survivors.

Statistical analysis

Categorical data were expressed as absolute values and proportions.
Distribution of continuous data was tested with the Kolmogorov–
Smirnov and the Shapiro-Wilk test. Normally distributed variables
were expressed as mean ± standard deviation, whereas non-normal
distributed ones as median and interquartile range (IQR). Variables
were compared between patients with and without AF as well as be-
tween survivors and non-survivors by using the Fisher exact test or
Chi-square test for categorical variables, and the t-test or the Mann–
Whitney U test, as appropriate, for continuous variables. We analyzed
predictors of in-hospitalmortality. Thiswas performed by creatingmul-
tivariable logistic regression models by including age and comorbid
conditions that had univariate significance. Survival curveswere plotted
using the Kaplan–Meier method and compared between patients with
and without AF by the log-rank test. All analyses were performed with
IBM SPSS Statistics for Windows, Version 21.0 (IBM Corp., Armonk,
NY, USA). A 2-sided p value of <0.05 was considered statistically
significant.

Results

Three hundred and fifty-eight hospitalized COVID-19 patients retro-
spectively were reviewed. Eight patients were excluded from the study
because of unavailability of 12‑lead ECG. The present analysis included
consecutive 350 hospitalized patients with COVID-19. Of them, 40
(11.4%) patients had permanent AF. New-onset or paroxysmal AF was
not detected during hospitalization. The median length of follow-up
was 7 (IQR: 5–10) days. In whole cohort, 55 (15.7%) of patients died
during the follow-up.

Clinical characteristics of patients with and without AF

Comparison of clinical characteristics classified by presence of AF are
given in Table 1. Compared to patients without AF, those with AF were
older (76 vs. 51 years, p < 0.001), more likely to be female (62.5% vs.
42.3%, p = 0.015), and more likely to have higher heart rate. There
were no significant differences in smoking, alcohol use, BMI or blood
pressure between the two groups. Prevalence of the symptoms on ad-
mission such as fever, cough, headache, diarrhea, fatigue, muscle ache
or chest pain were also similar between the two groups. However,
shortness of breath was more likely to occur in patients with AF. There
were some differences in terms of comorbid conditions between pa-
tientswith andwithout AF. Hypertension, CAD, CHF (with reduced ejec-
tion fraction), hyperlipidemia, anemia, cerebrovascular accident (CVA),
and malignancy were more frequent in patients with AF compared to
those without AF. Moreover, patients with AF were more likely to
have pleural effusion in chest CT findings. With regard to laboratory pa-
rameters, higher urea, creatinine, D-dimer, cTnI levels and higher CRP/
albumin ratio were measured at the time of hospitalization in patients
with AF than those without AF. On the other hand, serum albumin,
blood uric acid levels and total lymphocyte counts were lower in AF
group (Fig. 1). Anticoagulant drugs use rate was 90% in patients with
AF. Finally, a higher proportion of patients with AFwere onmedications
such as angiotensin-converting enzyme inhibitors/angiotensin receptor
blockers, β-blockers, aldosterone antagonists, antiarrhythmics, and
statins. Of note, hydroxychloroquine, azithromycin, and favipiravir
treatment regimens were similar between the two groups.

Clinical outcomes of patients with and without AF are presented in
Table 2. In-hospital mortality was significantly higher in patients with
AF compared to patients without AF (32.5% vs. 13.5%, log-rank p =
0.002, relative risk 2.40, 95% confidence interval [CI] 1.28–5.89)
(Fig. 2). In addition, median length of in-hospital stay was significantly



Table 1
Baseline characteristics of patients with and without atrial fibrillation.

Patients with atrial fibrillation (n = 40) Patients without atrial fibrillation (n = 310) p value

Age, years 76 (64–82) 51 (37–65) <0.001
Female sex, n (%) 25 (62.5) 131 (42.3) 0.015
Smoking, n (%) 11 (27.5) 117 (37.7) 0.206
Alcohol use, n (%) 4 (10) 34 (11) 0.853
Body mass index, kg/m2 27 (24–29) 28 (24–31) 0.190
Systolic blood pressure, mmHg 130 (110–150) 120 (110–145) 0.677
Diastolic blood pressure, mmHg 77.5 (60–90) 80 (70–90) 0.514
Heart rate, bpm 99.5 (78–120) 80 (69–98) <0.001
Symptoms at admission, n (%)
Fever 14 (35) 152 (49) 0.094
Cough 16 (40) 148 (47.7) 0.356
Shortness of breath 26 (65) 92 (29.7) <0.001
Headache 0 (0) 12 (3.9) 0.205
Diarrhea 0 (0) 3 (1) 0.532
Fatigue, tiredness 2 (5) 38 (12.3) 0.175
Muscle ache 1 (2.5) 21 (6.8) 0.295
Sore throat 0 (0) 28 (9) 0.048
Chest pain 0 (0) 11 (3.5) 0.226

Comorbidities, n (%)
Hypertension 27 (67.5) 104 (33.5) <0.001
Diabetes mellitus 10 (25) 54 (17.4) 0.243
Anemia 13 (32.5) 41 (13.2) 0.001
Renal failure 8 (20) 39 (12.6) 0.195
Dialysis 4 (10) 20 (6.5) 0.403

Coronary artery disease 13 (32.5) 44 (14.2) 0.003
PCI/CABG 8 (20) 25 (8.1) 0.015
Peripheral vascular disease 1 (2.5) 3 (1) 0.391
Chronic heart failure (HFrEF) 14 (35) 16 (5.2) <0.001
Hyperlipidemia 7 (17.5) 14 (4.5) 0.001
Chronic obstructive pulmonary disease 5 (12.5) 37 (11.9) 0.917
Malignancy 4 (10) 6 (1.9) 0.004
CVA/TIA 6 (15) 4 (1.3) <0.001

Chest CT findings, n (%)
No significant finding 3 (7.5) 51 (16.5) 0.140
Ground glass opacity 34 (85) 219 (70.6) 0.056
Pneumonic consolidation 3 (7.5) 45 (14.5) 0.225
Pleural effusion 5 (12.5) 9 (2.9) 0.004

Laboratory parameters
Urea, mg/dL 54 (35–75) 34 (26–52) <0.001
Serum creatinine, mg/dL 1 (0.8–1.3) 0.9 (0.7–1) 0.014
Serum potassium, mEq/L 4.2 (3.7–4.7) 4.2 (3.8–4.4) 0.874
Serum calcium, mEq/L 8.5 (8–9.1) 8.8 (8.3–9.2) 0.122
Uric acid, mg/dL 5.1 (4.2–6.2) 6.7 (4.6–8.2) <0.001
Albumin, g/dL 3.5 (2.7–4) 4 (3.6–4.3) <0.001
Aspartate transaminase, U/L 26.5 (22–41) 24.5 (18–35) 0.122
Alanine transaminase, U/L 21.5 (16–36) 24 (15–36) 0.782
D-dimer, ng/mL 210.5 (150–686) 155.5 (150–283) 0.014
Troponin I, ng/mL 0.013 (0.002–0.074) 0.003 (0.002–0.006) <0.001
Haemoglobin, g/dL 11.4 (10.1–12.9) 13 (11.2–14.7) <0.001
Leukocyte, x103/μL 7.8 (5.4–10.1) 7.8 (5.5–10.5) 0.654
Lymphocyte, x103/μL 1.04 (0.7–1.4) 1.62 (1.1–2.4) <0.001
C-reactive protein, mg/dL 35.7 (13.1–117) 24.3 (10–79.4) 0.075
C-reactive protein/albumin ratio 10.4 (4.9–29.2) 5.8 (2.8–18.5) 0.025
Ferritin, ng/mL 63.8 (17.7–306.8) 53.1 (25.8–138.6) 0.874

Medications, n (%)
Antiplatelet 6 (15) 58 (18.7) 0.568
Anticoagulant 36 (90) 1 (0.3) <0.001
ACE-i/ARB 17 (42.5) 68 (21.9) 0.004
Beta-blocker 30 (75) 43 (13.9) <0.001
Aldosterone antagonists 9 (22.5) 5 (1.6) <0.001
Antiarrhythmic 1 (2.5) 0 (0) 0.005
Statin 7 (17.5) 14 (4.5) 0.001
Hydroxychloroquine 40 (100) 310 (100) –
Azithromycin 27 (67.5) 225 (72.6) 0.501
Favipiravir 4 (10) 40 (12.9) 0.602
Immunosuppressive agent 0 (0) 0 (0) –

Abbreviations: ACE-i, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; CABG, coronary artery by-pass graft; CT, computed tomography; CVA, cerebrovascular
accident; HFrEF, heart failure with reduced ejection fraction; PCI, percutaneous coronary intervention; TIA, transient ischaemic attack.
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longer in patients with AF than in those without AF (8 [7–10] vs. 7
[5–10] days, p= 0.008). Compared to patients without AF, the number
of patients who needed ICU (55% vs. 31%, p = 0.002) and invasive me-
chanical ventilation (35% vs 15.2%, p=0.002)were also higher in theAF
group.
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Clinical characteristics of survivors and non-survivors

Baseline characteristics of patients whowere alive and deceased are
shown in Table 3. Compared with patients who were alive, those who
died were older (75 vs. 49 years, p < 0.001), had lower BMI, lower



Fig. 1. Laboratory parameters in patients with and without atrial fibrillation (AF).

Table 2
Clinical outcomes of patients with and without atrial fibrillation.

Atrial
fibrillation

No atrial
fibrillation

p
value

Length of in-hospital stay, [median (IQR), days] 8 (7–10) 7 (5–10) 0.008
Need for intensive care unit, n (%) 22 (55) 96 (31) 0.002
Invasive mechanical ventilation, n (%) 14 (35) 47 (15.2) 0.002
In-hospital mortality, n (%) 13 (32.5) 42 (13.5) 0.002

Abbreviations: IQR, interquartile range.
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blood pressure, and higher heart rate. Although cough was more fre-
quently in survivors on admission, dyspnea was more common in
those who died. With regard to comorbid diseases, patients who de-
ceased were more likely to have AF (23.6% vs. 9.2%, p = 0.002), hyper-
tension, DM, CHF, CAD, RF, anemia, chronic obstructive pulmonary
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Table 3
Comparison of clinical characteristics of survivor and non-survivor patients.

Overall (n = 350) Deceased (n = 55) Surviving (n = 295) p value

Age, years 55 (39–70) 75 (62–81) 49 (37–64) <0.001
Female sex, n (%) 156 (44.6) 26 (47.3) 130 (44.1) 0.661
Smoking, n (%) 128 (36.6) 20 (36.4) 108 (36.6) 0.972
Body mass index, kg/m2 28 (24–31) 26 (24–29) 28 (25–31) <0.001
Systolic blood pressure, mmHg 125 (110–145) 110 (105–150) 125 (110–140) 0.002
Diastolic blood pressure, mmHg 80 (70–90) 70 (60–90) 80 (70–90) 0.003
Heart rate, bpm 81 (70–99) 99 (78–120) 79 (69–97) <0.001
Symptoms at admission, n (%)
Fever 166 (47.4) 29 (52.7) 137 (46.4) 0.391
Cough 164 (46.9) 19 (34.5) 145 (49.2) 0.046
Shortness of breath 118 (33.7) 40 (72.7) 78 (26.4) <0.001
Headache 12 (3.4) 0 (0) 12 (4.1) 0.128
Diarrhea 3 (0.9) 0 (0) 3 (1) 0.453
Fatigue, tiredness 40 (11.4) 0 (0) 40 (13.6) 0.004
Muscle ache 22 (6.3) 2 (3.6) 20 (6.8) 0.378
Sore throat 28 (8) 1 (1.8) 27 (9.2) 0.066
Chest pain 11 (3.1) 0 (0) 11 (3.7) 0.146

Comorbidities, n (%)
Atrial fibrillation 40 (11.4) 13 (23.6) 27 (9.2) 0.002
Hypertension 131 (37.4) 33 (60) 98 (33.2) <0.001
Diabetes mellitus 64 (18.3) 17 (30.9) 47 (15.9) 0.008
Anemia 54 (15.4) 15 (27.2) 39 (13.2) 0.008
Renal failure 47 (13.4) 21 (38.2) 26 (8.8) <0.001
Dialysis 24 (6.9) 8 (14.5) 16 (5.4) 0.014
Coronary artery disease 57 (16.3) 14 (25.5) 43 (14.6) 0.045
PCI/CABG 33 (9.4) 8 (14.5) 25 (8.5) 0.157
Peripheral vascular disease 4 (1.1) 1 (1.8) 3 (1) 0.608
Chronic heart failure (HFrEF) 30 (8.6) 11 (20) 19 (6.4) 0.001
Hyperlipidemia 21 (6.0) 3 (5.5) 18 (6.1) 0.853
COPD 42 (12.0) 12 (21.8) 30 (10.1) 0.015
Malignancy 10 (2.9) 2 (3.6) 8 (2.7) 0.706
CVA/TIA 10 (2.9) 5 (9.1) 5 (1.7) 0.003

Chest CT findings, n (%)
No significant finding 54 (15.4) 2 (3.6) 52 (17.6) 0.008
Ground glass opacity 253 (72.3) 43 (78.2) 210 (71.2) 0.287
Pneumonic consolidation 48 (13.7) 11 (20) 37 (12.5) 0.140
Pleural effusion 14 (4) 6 (10.9) 8 (2.7) 0.004

Laboratory parameters
Urea, mg/dL 35 (27–54) 73 (32–92) 33 (23–49) <0.001
Serum creatinine, mg/dL 0.9 (0.7–1.1) 1.3 (0.8–1.6) 0.9 (0.7–1) <0.001
Albumin, g/dL 4 (3.5–4.3) 3.1 (2.7–3.9) 4.1 (3.7–4.3) <0.001
Aspartate transaminase, U/L 25 (19–35) 40 (22–59) 23 (18–34) <0.001
Alanine transaminase, U/L 23 (15–36) 25 (15–36) 23 (15–36) 0.293
D-dimer, ng/mL 164 (150–291) 745 (207–1078) 150 (150–271) <0.001
Troponin I, ng/mL 0.003 (0.002–0.007) 0.006 (0.002–0.029) 0.003 (0.002–0.006) <0.001
Haemoglobin, g/dL 12.8 (11–14.6) 11 (10–12.8) 13.1 (11.2–14.7) <0.001
Leukocyte, x103/μL 7.8 (5.5–10.3) 10.6 (5.5–14.7) 7.4 (5.5–10.1) <0.001
Lymphocyte, x103/μL 1.5 (1–2.3) 0.8 (0.5–1.3) 1.6 (1.1–2.4) <0.001
CRP, mg/dL 25 (10.7–94) 94.9 (36.6–140) 18.2 (7.8–45.2) <0.001
CRP/albumin ratio 6.1 (3.1–21.9) 57.5 (26.4–72.6) 4.4 (2.6–15.1) <0.001

Medications, n (%)
Antiplatelet 64 (18.3) 19 (34.5) 45 (15.3) 0.001
Anticoagulant 37 (10.6) 13 (23.6) 24 (8.1) 0.001
ACE-i/ARB 85 (24.3) 19 (34.5) 66 (22.4) 0.053
Beta-blocker 73 (20.9) 18 (32.7) 55 (18.6) 0.018
Aldosterone antagonists 14 (4) 5 (9.1) 9 (3.1) 0.480
Antiarrhythmic 1 (0.3) 0 (0) 1 (0.3) 0.665
Statin 21 (6) 3 (5.5) 18 (6.1) 0.853
Hydroxychloroquine 350 (100) 55 (100) 295 (100) –
Azithromycin 252 (72) 48 (87.3) 204 (69.2) 0.006
Favipiravir 44 (12.6) 20 (36.4) 24 (8.1) <0.001
Immunosuppressive agent 0 (0) 0 (0) 0 (0) –

Abbreviations: ACE-i, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; CABG, coronary artery by-pass graft; COPD, chronic obstructive pulmonary disease;
CRP, C-reactive protein; CT, computed tomography; CVA, cerebrovascular accident; HFrEF, heart failure with reduced ejection fraction; PCI, percutaneous coronary intervention; TIA, tran-
sient ischaemic attack.
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in-hospital mortality. All variables with p values less than or equal to
0.05 were included in a multivariable logistic regression model. After
adjustment for age and co-morbidities, multivariable analyses showed
that older age (hazard ratio [HR]: 5.67, 95% CI: 3.210–7.879,
p < 0.001), AF (HR: 2.426, 95% CI: 1.089–5.405, p = 0.032), hyperten-
sion (HR: 2.064, 95% CI: 1.059–4.022, p = 0.035), CHF (HR: 2.451, 95%
CI: 1.078–5.501, p = 0.030), and RF (HR: 5.312, 95% CI: 2.607–10.823,
117
p = 0.001) were independently associated with in-hospital death
(Fig. 4).

Discussion

We analyzed 350 consecutive hospitalized COVID-19 patients with
and without AF in the present study. The principal findings of this



Fig. 3. Laboratory parameters in non-survivors and survivors.
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study include: (1) permanent AF was observed in 11.4% of patients;
(2) patients with AF were older and had more comorbid diseases;
(3) in-hospital mortality rate was 17.7% in whole cohort; (4) comorbid
conditions and abnormal chest CT findings were more common in pa-
tients who died; (5) AF was seen with together markers of disease se-
verity such as abnormal chest radiographs, deteriorated laboratory
parameters, higher mortality, longer in-hospital stay, need for ICU ad-
mission and invasive mechanical ventilation; and (6) after adjustment
for age and co-morbidities the presence of AF was independently asso-
ciated with in-hospital death.

In recent epidemiological and observational studies, several cardio-
vascular complications in COVID-19 have been reported including
thromboembolism, ventricular arrhythmia, myocardial injury, and car-
diomyopathy which associate with poorer outcomes [16]. Arrhythmia
recognised as the second most common complication after acute
Fig. 4. Forest plot of adjusted hazard rati
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respiratory distress syndrome [17], and their prevalence varies signifi-
cantly between study populations. Ventricular arrhythmias are rela-
tively well defined in SARS-CoV-2 infection. However, the incidence
and nature of atrial arrhythmias among patients with SARS-CoV-2 was
poorly documented. Newly published studies suggest that themost fre-
quent incident sustained arrhythmia is AF in the hospitalized COVID-19
population [18]. Abrams et al. retrospectively described clinical charac-
teristics and compared factors contributing toward arrhythmic versus
non-arrhythmic death in patients with COVID-19 [19]. In this study,
133 patients who died were enrolled, and AF was present on 14.3% of
admission ECGs. During hospitalization, 13 more patients were diag-
nosed with new-onset AF. At the end of follow-up, 31 (23.3%) patients
had AF in those who died. The authors conclude that AF or atrial flutter
(AFL) was one of the most common ECG abnormalities on admission
and during hospitalization [19]. Another study described the proportion
os for all cause in-hospital mortality.
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of AF or AFL as 19% (8/43) in COVID-19 patients who deceased [11]. Ac-
cording to the results of multicentric Italian study, AF or AFL was de-
tected in 22% (96/431) of the patients [12]. Consistent with these
findings, our results showed that, AF was present in 11.4% (40/350) of
whole cohort on admission, and the prevalence of AF was 23.6% (13/55)
in non-survivors. On the other hand, another large scale study has re-
cently identified that, AF or AFL was observed in 15.7% (166/1053) of
patients with infected SARS-CoV-2. Compared to the previous studies,
AF or AFL rate among non-survivors were relatively higher as 35.3%
(65/184) in this analysis [20].

The pathophysiology of COVID-19 related AF is not well understood.
Some hypotheses have been proposed on the mechanism of new-onset
AF in COVID-19. Hypoxemia precipitated by COVID-19 may cause AF,
and this condition could be permanentwhen accompanied by impaired
pulmonary function [21]. On the other hand, the incidence of new-onset
or paroxysmal AF in COVID-19 is not well known yet. While the rate of
new-onset AF/AFL in all AF/AFL cases was above 40% in some studies
[19,20], new-onset AF/AFL was not reported among all AF/AFL cases in
some other studies [11,22]. New-onset AF was not observed in our co-
hort during in-hospital follow-up. These conflicting results can be asso-
ciated with different patient profile, sample size of AF population,
follow-up time and inclusion criteria.

AF is one of the most important burden upon healthcare resources.
In general population, patientswith AF have an increased risk ofmortal-
ity and morbidity compared those without AF. These patients have a
higher risk of death due to cardiovascular disease [23]. Increased cardio-
vascularmortality risk due to AF varies between 2 and 12 times. Of note,
AF contributes to 15–25% of all strokes and these contribute to a signif-
icant proportion of AF-related mortality. AF-related strokes tend to be
associatedwith highermortality, andmore severe disability [24]. More-
over, AF was related to a worsen prognosis in some infectious diseases
in pre-COVID era. Large scale studies suggest that the presence of AF is
associated with poor prognosis and increased mortality in sepsis-
related hospitalizations [25]. COVID-19 is a global pandemic that ap-
peared about 10 months ago and spread worldwide rapidly. Therefore,
sufficient data about the implications of AF on clinical outcomes in the
COVID-19 population are not yet available, and recently published a
few data is conflictive in this regard. A small scale Italian study found
that a high rate of in-hospitalmortality and complications in cardiac pa-
tients compared with those without a history of cardiac disease. How-
ever, AF rate was similar in survivors and non-survivors in this study
[26]. In a series of 414 patients hospitalized with COVID-19, Russo
et al. studied potential association of sustained tachyarrhythmias with
disease severity and in-hospital death. The results of this study suggest
that AFwas not associatedwithmortality [18]. Elias et al. analyzed 1258
patients and identified only 42 incident AF or AFL events. They reported
that the combination of abnormal respiratory vital signs and ECG find-
ings of AF or AFL, right ventricular strain, or ST segment abnormalities
accurately prognosticates early deterioration in patients with COVID-
19. Onmultivariable analysis, the presence of only AF or AFLwas not as-
sociated with poor outcomes in this study, which may be related to the
relatively small number of patientswith AF in this cohort [11]. An obser-
vational, multicenter study fromNew York included 1053 patients with
SARS-CoV-2 infection. Similar to the ourfindings, this study found an in-
dependent association between AF or AFL and all-cause mortality [20].
In addition, another cohort study conclude that AFwas the independent
risk factor of in-hospital death and ventilator use in patients with
COVID-19 [22].

A limited number of studies revealed that COVID-19 patients with
AF were older and most of them had at least one preexisting risk factor,
including hypertension, CAD, CHF, renal disease, prior stroke or pulmo-
nary disease [18,20,27], while some did not report any illness [28].
COVID-19 patients with comorbid diseases, such as CHF, hypertension,
CAD, DM and RF, have an extremely poor prognosis, compared with
subjects without co-morbidities [13,26]. Our findings support that pa-
tients who have poor outcomes more likely to have these comorbid
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conditions. Remarkebly, compared to patients without AF, some of
these co-morbidities such as hypertension, CAD and CHF were more
common in patients with AF in our cohort. One result of our study
that needs to be explained is that the patients who died received
more medication than those survivors. These medications do not in-
crease the risk of death but are markers of more ill patients. Further-
more, these associations were diminished in multivariable analyses.

Several clinical and laboratory parameters have been identified that
correlate with the severity of COVID-19. Zheng et al. showed a signifi-
cant positive association of shortness of breath or dyspnea with
COVID-19 progression to severe illness [29]. In our entire cohort, short-
ness of breath was more common in patients with AF on admission.
Moreover, compared to survivors, patients who died suffered more
from dyspnea in our study. Abnormal chest CT findings are significant
predictor for the severity of SARS-CoV-2 infection [30]. Our results re-
vealed that abnormal CT findings were more prominent in patients
with AF. Recently studies have shown that elevated troponin,
D-dimer, urea, CRP concentrations, lower albumin levels and lower lym-
phocyte counts were associated with severe complications of COVID-19
[31–33]. The results of our study have confirmed previous findings on
these biochemical markers. Importantly, we observed that there was a
similar trend between non-survivors and patients with AF compared
to survivors and patients without AF in terms of these markers (Figs. 1
and 3). Furthermore, patients with AF had longer in-hospital stay,
were more likely to need ICU and invasive mechanical ventilation in
our study. In the light of all these findings, it seems to possible to say
that COVID-19 patients with AF have a higher risk of severe illness. Sim-
ilar to the our results, two cohort studies showed that the incidence of
AF or AFL among patients with SARS-CoV-2 infection corresponds to
the severity of disease [34,35].

Study limitations

As a retrospective study during an ongoing pandemic, this study has
several limitations. Some laboratory data (such as N-terminal pro-B-
type natriuretic peptide) and echocardiographic data were not col-
lected. Our cohort did not include patients with new-onset or paroxys-
mal AF. Datawere extracted from themedical records, and it is probable
that some co-morbidities were incompletely characterized. In addition,
we did not adjudicate cause of death in our patients who experienced
mortality. Data from larger cardiovascular populations and multiple
centres are more valuable. However, our sample size is relatively
small and data are from single center. As such, our findings may not
be generalizable to patients with COVID-19 from across the world.
Larger,multicenter, prospective studies are required to confirm our pre-
liminary findings. Finally, our analysis was restricted to inpatient
follow-up only.

Conclusions

The proportion of AF is substantial in hospitalized patients with
COVID-19. Permanent AF is seenwith togethermarkers of severe illness
such as abnormal chest CT findings, deteriorated laboratory parameters,
longer in-hospital stay, need for ICU admission and invasivemechanical
ventilation. Moreover, the presence of AF is independently associated
with in-hospital death. Hence, permanent AF portends poor outcomes
in hospitalized patients with SARS-CoV-2 infection. Identification of AF
with ECG or anamnesis on admission may facilitate risk stratification
and optimal clinical management in COVID-19. Further multicenter,
large-scale and prospective studies are needed to elucidate the exact ef-
fects of AF on COVID-19.
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