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Abstract: Background and objectives: COVID-19 is associated with an aberrant inflammatory response
that may trigger new-onset cardiac arrhythmias. The aim of this study was to assess the mortality risk
in hospitalized COVID-19 patients according to IL-6 serum levels and new-onset atrial fibrillation (AF)
according to PaO? /FiO? stratification. Materials and Methods: 175 COVID-19 patients (25 new-onset
AF, 22 other types of AF and 128 no-AF) were included in this single-center, retrospective study;
clinical and demographic data, vital signs, electrocardiograms and laboratory results were collected
and analyzed. The primary outcome of the study was to evaluate the mortality rate in new-onset
AF patients according to IL-6 serum levels and PaO? /FiO? stratification. Results: The incidence of
new-onset AF in the study population was 14.2%. Compared to the no-AF group, new-onset AF
patients were older with a positive history of chronic kidney disease and heart failure, had higher
IL-6, creatinine and urea serum levels whereas their platelet count was reduced. After PaO? /FiO?
stratification, 5-days mortality rate was higher in new-onset AF patients compared to patients with
other types of AF and no-AF patients, and mortality risk increases 5.3 fold compared to no-AF
(p =0.0014) and 4.8 fold compared to other forms of AF (p = 0.03). Conclusions: New-onset AF is
common in COVID-19 patients and is associated with increased IL-6 serum levels and early mortality.
Further studies are needed to support the use of IL-6 as an early molecular target for COVID-19
patients to reduce their high rate of mortality.

Keywords: COVID-19; atrial fibrillation; mortality risk; interleukin 6

1. Introduction

Coronavirus disease 2019 (COVID-19), a new infectious disease induced by severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2), has reached the pandemic status
challenging the health systems worldwide [1]. The severity of clinical manifestations in
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patients with COVID-19 are mainly related to the degree of respiratory system failure
ranging from mild cases to life-threatening acute respiratory distress syndrome (ARDS) [2].

In addition, increasing evidence support the application of predictive scores based
on several systemic biomarkers, thus suggesting that COVID-19 is characterized by multi-
organ complications [3-6]. Among these, it has been reported that about 12% of patients
with COVID-19 develop cardiac injury, such as ischemic and non-ischemic myocardial
damage, pericardial disease and arrhythmias [7-9].

Several studies confirm an increased risk of developing new onset atrial fibrillation
(AF) in patients affected by COVID-19, ranging between 10 and 18%, with a cumulative
incidence of all atrial arrhythmias around 27.5% [10-13]. Indeed, a machine learning
approach study confirms that COVID-19 is the strongest independent factor associated with
incident AF, compared to the traditional cardiovascular co-morbidities such as congestive
heart failure and coronary artery disease [14]. AF may develop in response to several
conditions in COVID-19, such as direct myocardial injury, extra-cardiac clinical events in
the early phase of the disease, and the inflammatory state per se.

Apart from typical presenting clinical scenario, represented by fever, shortness of
breath and cough, AF can be the first presenting sign prior to evident respiratory distress,
thus reducing the suspicion for this viral infection [15,16]. Indeed, a study involving
137 COVID-19 patients confirmed that 7.3% of these patients experienced palpitations as
one of their presenting symptoms [17], probably as a consequence of COVID-19 since not
all COVID-19 patients have history of previous cardiac arrhythmia; in fact, another study
demonstrated that 4% to 6.6% of COVID-19 patients without prior history of AF exhibited
a new diagnosis of atrial arrhythmia during hospitalization [18]. Available studies suggest
that the AF incidence may vary with respect to the study population. Importantly, it
also remains to clarify whether the inflammatory response activated during COVID-19 is
uniquely responsible for AF, or whether it reflects part of a nonspecific immune response
of the disease severity.

The aim of the present study was to analyze the impact of IL-6 and new-onset AF on
mortality rate in hospitalized COVID-19 patients stratified for PaO? /FiO?.

2. Materials and Methods
2.1. Study Population

Adult patients (>18 years of age) with laboratory-confirmed COVID-19 infection,
admitted to the COVID-19 division of the University of Messina between January 2021 and
September 2021, were included in this single-center, retrospective study.

In particular, patients who received a COVID-19 diagnosis via polymerase chain
reaction (PCR) tests and evidence of pneumonia assessed by computerized tomography
(CT) within 24 h of hospital admission were considered eligible for the study (n = 190).

Moreover, patients who were either admitted with non-COVID-19 symptoms and had
incidental asymptomatic diagnosis (e.g., hip fracture without clinical features of COVID-19,
n = 5), those admitted for isolation/control reasons (1 = 3), and also those with COVID-
19 who were discharged from either ambulatory care or the emergency room without
admission (n = 3) were also excluded. Additionally, COVID-19 patients with AF and
moderate/severe mitral stenosis (1 = 2) and with mechanical prosthetic heart valves (1 = 2)
were excluded.

Based on these inclusion and exclusion criteria, a total of 175 COVID-19 patients were
enrolled in this study. All COVID-19 patients underwent serial 12-lead electrocardiogram
(ECG) at admission and were classified, according to ESC guidelines [19], as either new-
onset AF (AF not diagnosed before, irrespective of its duration or the presence of AF-
related symptoms; 1 = 25), other AF (paroxysmal, persistent, permanent or long-standing
permanent; n = 22) or no AF (n = 128) based on ECG at admission and history of AF. Patients
were further stratified according to PaO? /FiO? to identify patients with severe respiratory
failure at admission [20]. All patient data were de-identified before analysis and the study
AF (365 n. 79-20/11032021).
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2.2. Data Collection

Data were collected from the electronic health records including baseline demograph-
ics, vital signs, clinical presentation, laboratory measurements and outcome of interest at
admission. HAS-BLED and CHAD2VASC2 score were recorded for all AF patients.

AF diagnosis was confirmed and verified by two board certified cardiac electrophysi-
ologists who reviewed all ECGs. Other available ECGs were independently reviewed by a
cardiologist or electrophysiologist and chart documentation was assessed for atrial fibrillation.

At admission, patients with new onset AF were treated either with heparin or oral
anticoagulant according to clinical and laboratory data, while patients with other forms of
AF were treated according to the therapeutic regimen already in use. Heparin in a prophy-
lactic dosage was prescribed for COVID-19 patients without any form of AF. Therapeutic
regimen related to steroid use (dexamethasone 6 mg/day or equivalent) and oxygen sup-
plementation (conventional oxygen therapy, high-flow nasal oxygen, continuous positive
airway pressure and non-invasive mechanical ventilation) have been recorded.

2.3. Statistical Analysis

Statistical analyses were performed using SPSS version 21.0 (SPSS Inc., Chicago, IL,
USA) software. The distribution of quantitative variables was checked with the Shapiro
Wilk test. Descriptive data was given as mean =+ standard deviation or median (interquartile
range, IQR) according to the distribution normality. The comparison of the distributions
of the variables was performed with ANOVA test with post-hoc Fisher’s least significant
difference (LSD) or by Kruskal-Wallis with Dunn’s post hoc tests.

Independent T-test was used for the comparison of normally distributed quantitative
variables or the Mann-Whitney U test for the comparison of non-normally distributed
quantitative variables. Mann-Whitney U test or Fisher’s exact test were used to compare
differences between groups. Other analyses included simple and relative frequencies,
association tests among categorical variables by x2 test (p < 0.05) and hazard ratio with 95%
confidence intervals (95% CI).

In the survival analysis, the outcome was tested related to the event (discharge/death)
restricted at 28 days. The outcome (discharge/death) was also tested censoring events after
the 5th day of hospital stay to assess early mortality. Thus, it was possible to calculate the
probability of COVID-19 death during the entire hospital stay and also during the first
5 days of admission. The Kaplan-Meier survival function was used with the log-rank
test to plot survival curves and to determine differences in survival rates, considered
different when p < 0.05. Cox proportional hazards model [16] was used to investigate
the association between the survival time of patients and the set of predictor variables
(creatinine and IL-6 serum levels as continuous variables, new-onset AF and PaO?/FiO?
< 300 as categorical variables). The outcome was time to death, defined as the number of
days between admission and death, calculated without censoring and by censoring after
5 days to detect also very early in-hospital mortality. According to the number of events
(n = 45), we included four variables (PaO?/FiO?, IL-6, creatinine and new-onset AF) for the
identification of independent predictors of the outcome. The Hazard Ratio (HR) with 95%
confidence interval (CI) was measured to identify risk factors (the effect of a variable) on
the outcome of interest.

3. Results

A total of 175 consecutive patients affected by COVID-19 were enrolled: 14.2% with
new-onset AF (n = 25),12.6% with other forms of AF (n = 22) and 73.2% with no AF (n = 128).
The main demographic and clinical characteristics of the study population at admission are
shown in Table 1, while laboratory parameters are reported in Table 2.
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Table 1. Demographic and clinical features of study population at admission.

New Onset AF Other AF No AF
(n = 25) (n =22) (n = 128) P
Demographics
Age, median (IQR) 81 (73.6-84) 80.5 (70.8-84) 71.5 (57.5-83.9) <0.005
BMI, median (IQR) 25.4 (22.8-27.7) 24.1 (21.7-30.6) 25.1 (22.5-27) 0.712
Smoking, current, 1 (%) 3(12) 2(9) 21 (16.4) 0.138
Smoking, past, 1 (%) 2(8) 3(13.6) 10 (7.8) 0.744
Gender, male, 1 (%) 12 (48) 12 (54.5) 67 (52.3) 0.571
Hospital stay (days), median, (IQR) 12 (5-27) 22 (13-40.5) 21 (13-36) 0.111
Comorbidities
Diabetes, n (%) 5(20) 4(18.1) 33(25.7) 0.629
Coronary artery disease, 1 (%) 6 (24) 6(27.2) 21 (16.4) 0.228
COPD, n (%) 3(12) 4(18.1) 12 (9.3) 0.463
Heart failure, 1 (%) 5(20) 9 (40.9) 17 (13.2) <0.005
Hypertension, 1 (%) 16 (64) 15 (68.1) 78 (60.9) 0.139
Chronic kidney disease, 1 (%) 11 (44) 11 (50) 22 (17.1) <0.001
Cerebrovascular disease, 1 (%) 4 (16) 5(22.7) 29 (22.6) 0.449
Respiratory failure, 1 (%) 1(4) 0(0) 4(3) 0.575
Vital and clinical parameters
Heart rate, median (IQR) 80 (77.5-95) 80 (72.5-95.5) 80 (76-90) 0.068
DBP mmHg, median (IQR) 70 (60-80) 70 (66-82) 70 (60-78) 0,355
SBP mmHg, median (IQR) 130 (110-150) 125 (120-140) 130 (115-145) 0.541
MBP mmHg, median (IQR) 90 (76-103) 88 (84-99) 91 (80-102) 0.402
Respiratory rate, median (IQR) 23 (18-28) 19 (18-25) 18 (17-22) <0.001
Fever, n (%) 4 (16) 6(22.7) 56 (43) <0.05
PaO?/FiO? ratio, median (IQR) 286 (147-366) 320 (197-388) 309 (214-357) 0.665
CHA;,DS,-VASc, median (IQR) 3(2-4) 3(2-4) - 0.4
HAS-BLED, median (IQR) 1(1-2) 1(1-2) - 0.94
Therapy
Corticosteroid, 71 (%) 23 (92) 19 (86) 109 (85) 0.66
COT, n (%) 13 10 73 0.59
HENO, n (%) 5 5 26 0.96
c-PAP, n (%) 6 3 24 0.67
NIMYV, n (%) 1 1 5 0.97

Data are expressed as median + interquartile range (IQR) or number with percentage accordingly; SBP: systolic
blood pressure; DBP: diastolic blood pressure; MBP: medium blood pressure; BMI: body mass index; COPD:
chronic obstructive pulmonary disease; CHA;DS,-VASc: score for stroke risk; HAS-BLED: score for major bleeding
risk; COT: conventional oxygen therapy; HFNO: high-flow nasal oxygen; c-PAP: continuous positive airway
pressure; NIMV: non-invasive mechanic ventilation.

Table 2. Laboratory profile of study population at admission.

New-Onset AF Other AF No AF
(n =25) (n=22) (n=128) b

Laboratory findings
Albumin, g/dL 2.93(2.7-3.23) 3(2.72-3.35) 3.17 (2.8-3.55) 0.18
ALT, UI/L 33 (13-38) 26 (13-25.5) 18.5 (13-34) 0.508
AST, UI/L 30 (27-50) 28 (19.25-35.25) 24 (17-36.5) 0.660
CK, U/L 63 (38-126) 76 (37-324.5) 103 (46-243.5) 0.369
Creatinine, mg/dL 1.5(0.9-2.3) 0.9 (0.7-1.5) 0.9 (0.7-1.2) 0.005
D-DIMER, mcg/mL 1.44 (0.48-4) 1(0.6-1-6) 1 (0.485-1.88) 0.32
Fibrinogen, mg/dL 503 (320-660) 476.5 (345-564) 527 (418-637) 0.16
Hb, gr/dL 12.4 (10.7-13.7) 12.2 (10.5-13.9) 13 (11-14.5) 0.142
IL-6, pg/mL 80.9 (54-130) 27.5 (12.9-40.4) 20.3 (8.4-38.8) 0.001
LDH, U/L 654 (331-516) 4225 (476-806) 383 (323-533) 0.478
Lymphocyte count, cells 816 (600-1503) 1308 (1143-1576) 1376.5 (842-1815.5) 0.173
NT-PRO-BNP, pg/mL 1939 (488.75-2946) 1972 (1402-4907) 196 (75-996) 0.197
PCR, mg/dL 6.9 (0.96-13.6) 2.95 (1.18-6.55) 3.5(0.7-7.9) 0.712
PCT, ng/mL 0.2 (0.09-0.31) 0.09 (0.04-0.16) 0.09 (0.05-0.21) 0.654
PLT, cells x 10* 155 (90-172) 166 (136-242) 206 (155-252) 0.017
Troponin, pg/mL 121 (98-259) 200 (41-536) 34.57 (11-137) 0.616
Urea, mg/dL 63 (42-108) 38 (27.25-61.75) 40.5 (28.25-70) 0.01
WBC, cells 9700 (4400-14940) 6000 (4725-11325) 6850 (4900-9975) 0.365

Data are expressed as the median + interquartile range (IQR); WBC: white blood cells; PLT: platelet cells; PCT:
procalcitonin; Hb: haemoglobin; CRP: C-reactive protein; IL-6: interleukin 6; NT-PRO-BNP: N-terminal pro-
brain natriuretic peptide; LDH: lactate dehydrogenase; CK: creatine kinase; AST: aspartate transaminase; ALT:
alanine transaminase.
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3.1. Clinical Profile and Mortality Rate of the Study Population

In our study, 28-days mortality rate was 52% for new-onset AF (n = 13), 22% for other
forms of AF (n = 5) and 18% for no AF patients (n = 23). Among acute events at admission,
ischemic stroke was significantly more frequent in new-onset AF compared to the other
groups (new onset AF: 16%, other AF: 4.5% and no AF: 0.7%; p = 0.026). On the other hand,
no significant differences were observed in myocardial infarction incidence among the
study population (new onset AF: 8%, other AF: 4.5% and no AF: 3.1%; p = 0.315).

Baseline embolic risk, as assessed by CHADS2-VASc2, and baseline bleeding risk
(HAS-BLED) did not show significant differences between new-onset AF and other forms
of AF (Table 1).

Clinical profile of the study population was evaluated as initial analysis. Both patients
with new-onset AF and other forms of AF were older than no AF group (p < 0.02 and
p < 0.01 respectively), while no significant differences were observed between new-onset
AF and other forms of AF. History of heart failure was more frequently associated with
the other forms of AF when compared to the no AF group (p < 0.005), while history of
chronic kidney disease was more frequent both in new-onset AF and in other forms AF
compared to the no AF group (p < 0.005 for both). New-onset AF patients had significantly
higher respiratory rate at admission compared to both groups, while fever was a common
symptom in the no AF group. No differences were detected in PaO? /FiO? ratio, steroid use
and oxygen therapy between all groups (Table 1).

3.2. IL-6 Is Increased in New Onset AF and Is Associated with Specific Laboratory Parameters

Analysis of the laboratory parameters revealed that new-onset AF patients had sig-
nificantly higher IL-6, creatinine and urea serum levels compared to the other groups. In
addition, platelet count was significantly lower in the new-onset AF group compared to no
AF group (Figure 1A-D). No differences were observed in the other laboratory results. In
addition, in the new-onset AF group platelet count inversely correlated with IL-6 levels
whereas creatinine and urea were directly associated with IL-6 levels (Figure 2A-C).

3.3. PaO?[FiO? Stratification and Mortality

Considering the natural history of COVID-19 and the occurrence of respiratory failure,
we stratified the study population according to PaO? /FiO? at admission. After applying
the cut-off of 300 for PaO?/FiO? to identify mild to moderate ARDS, COVID-19 patients
with a PaO?/FiO? > 300 were excluded from further analysis.

Thus, 25 patients belonging to the no AF group, 4 patients from the other AF group
and 6 patients from the new-onset AF group were excluded. After PaO?/FiO? stratification,
the mortality rate in patients with mild to moderate ARDS (PaO?/FiO? between 200 and
300) was 57% (n = 11) for new-onset AF, 22% (n = 4) for the other AF group and 20% (n = 21)
for the no AF group.

A significant low survival probability was detected according to Kaplan Meier curves
for new-onset AF patients, mostly noted in the first 5 days of admission (Figure 3A-C).
Indeed, the 5-days mortality risk after excluding patients with PaO?/FiO? > 300, is 5.3 fold
higher in new onset AF patients than no AF group (95% CI: 1.91-15.02; p = 0.0014) and
similarly 4.8 fold higher compared to patients with other forms of AF (95% CI: 1.14-20.2,
p =0.03).



Medicina 2022, 58, 530 6 of 12

A 200+ B 257 | * :
\ * . —
f 1 2.0
1504 L * 11 ns 1
r LA 1
[}
° g E g 1.54
4 ) 100 g E’
= G 1.0
50
0.5
0- 0.0
New-onset AF Other AF No AF New-onset AF Other AF No AF
(n =25) (n=22) (n=128) (n=25) (n=22) (n=128)
C 150 D 300- | * |
I * ] T 1
L« . ons D
I L 1
_ 1007 £ 2004
53 g2
F=arC Y - X
o £ 8 g
501 2 < 100-
0 04
New-onset AF Other AF No AF
New-onset AF  Other AF No AF
(n = 25) (n=22) (n=128) ”1::52;) p :rzz) " ° 128)
Figure 1. (A-D). Between-groups analysis of IL-6 (A), creatinine (B), urea (C) levels, and platelet
count (D), after ANOVA results (see Table 2) in hospitalized COVID-19 patients with new-onset atrial
fibrillation (new-onset AF, n = 25, black column), with other forms of AF (other AF, n = 22, dark
grey column) and without AF (no AF, n = 128, light grey column). Data are expressed as median +
interquartile range. * = p < 0.5; ns = not significant.
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Figure 2. (A-C). Associations between IL-6 and kidney function (creatinine and urea, A,B) and
platelet count (C) in hospitalized COVID-19 patients with new-onset atrial fibrillation (new-onset AF,
n = 25).
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Figure 3. (A-C). Kaplan-Meier survival plot analysis for hospitalized COVID-19 patients, after the
exclusion of participants with PaO?/FiO? > 300, with new-onset atrial fibrillation (new-onset AF,
n =19, red line), with other forms of AF (other AF, n = 18, blue line) and without AF (no AF, n =103,
green line) at 28 days (A) and at 5 days (B). Interleukin 6 (IL-6) serum levels comparison between
study groups (C), after the exclusion of participants with PaO? /FiO? > 300. Data are expressed as
median =+ interquartile range. *** = p < 0.0005.

Hazard ratio showed that 5-days survival, calculated in patients with PaO? /FiO? < 300
at admission, was reduced by 6.09 fold (95% CI 2.69-13.8; p = 0.0001) in new-onset AF
patients compared to no AF patients and by 4.26 fold (95% CI 1.06-17.11; p = 0.04) com-
pared to other AF patients. As previously analyzed for the entire study population, IL-6
levels were also compared between the groups according to PaO? /FiO? stratification and
they were still significantly higher in new-onset AF patients compared to no-AF group
(Figure 3C).

3.4. New Onset AF, IL-6, Creatinine and PaO?/FiO? < 300 Are Independent Predictors of
Mortality in COVID-19 Patients

After stratifying patients, we re-analyzed the mortality risk in the entire study popu-
lation to identify independent predictors of mortality. Without PaO2/FiO2 stratification,
new-onset AF patients showed a 4.94 folds increase in mortality risk compared to no AF
patients (95% CI: 2-12.22, p = 0.0005) and 3.68 folds increase compared to other forms of AF
(95% CI: 1.03-13.10; p = 0.04).

A significant difference was observed in survival time obtained by Kaplan-Meier
curves between the groups (Figure 4A, p = 0.0001): new-onset AF showed a lower prob-
ability to survive compared to the other groups. This result is further supported by the
sub-analysis at 5 days that showed the relevant reduction of survival probability for new-
onset AF patients (Figure 4B). Indeed, hazard ratio demonstrated that 5-days survival
probability was reduced by 4.65 fold in new-onset AF patients (95% CI 2.21-9.76; p = 0.0001)
compared to no AF patients and by 4.4 fold (95% CI 1.07-17.9; p = 0.03) compared to other
AF patients.
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Figure 4. (A-D). Kaplan-Meier survival plot analysis for hospitalized COVID-19 patients with new-
onset atrial fibrillation (new-onset AF, n = 25, red line), with other forms of AF (other AF, n = 22, blue
line) and without AF (no AF, n = 128, green line) at 28 days (A) and at 5 days (C). Cox regression
analysis results show that IL-6, creatinine, new-onset atrial fibrillation and PaO? /FiO? < 300 are
independent predictors of 28-days (B) and 5 days mortality (D).

Next, a Cox regression model was fitted considering the entire study population
to assess the prognostic value of IL-6 and creatinine serum levels, new-onset AF and
PaO? /FiO? < 300. Cox regression results showed that IL-6 and creatinine serum levels,
new onset AF and PaO? /FiO? < 300 are independent predictors of both 5-days and 28-days
mortality (Figure 4B-D).

4. Discussion

The new infectious disease induced by severe acute respiratory syndrome coronavirus
2 (SARS-CoV-2) has infected, as of April 2022, almost 500 million people causing the
death of over 6 million [21]. COVID-19 course is hampered by the occurrence of cardiac
arrhythmias and AF represents the most frequent complication, strikingly increasing the
risk of mortality from 22 to 56% as well as raising the question about long term consequences
in survivors [9,22-27]. Similarly, the incidence of new-onset AF in non-cardiac critically ill
patients without COVID19 is about 5-15%, leading to poor outcomes compared to patients
without AF [28]. Several studies have demonstrated that mortality is an early event in
COVID-19 patients with new-onset AF [18,29-31] as previously reported in non-COVID-19
patients with pneumonia, sepsis and other viral diseases [32-36]. Our results further extend
previous evidence that among COVID-19 patients with AF, those having new-onset AF
have a lower chance of survival with a very early mortality, occurring during the first
5 days of hospitalization, compared to both COVID-19 patients with other types of AF and
those without AF.

The occurrence of very early events might have different possible explanations, such
as the relationship between viral infections and an early aberrant inflammatory response; in
this context, also AF onset has been widely described, although not completely defined [37].
Cytokine storm activated during COVID-19 as well as oxidative stress and atrial remodeling
processes are among the putative events that may induce AF onset [38]. In addition, the



Medicina 2022, 58, 530

9of 12

inflammatory cascade might contribute to the development of an arrhythmogenic milieu
by inducing complex alterations in atrial myocardiocytes [39]. The prominent role of IL-6 in
atrial fibrillation patients without COVID-19 has been recently linked to early neurological
deterioration, defined as a A > 4 points in the National Institute of Health Stroke Scale
(NIHSS) between admission and after 24 h. Indeed, in the cohort of patients included in this
study, a higher proportion of COVID-19 patients with new-onset AF had an acute ischemic
stroke at admission, as well as high levels of IL-6 compared to the other groups [40].
However, the specific IL-6 trans-signaling related to neurologic events in new-onset AF
patients needs to be further identified [41,42].

The association between a pro-inflammatory status and the onset of AF in viral
diseases has been evaluated by a recent study in which the authors noted that new onset
AF in COVID-19 patients might be attributed to the increased release of pro-inflammatory
cytokines, mostly IL-6, as observed in the present study. In addition, the observation that
new onset AF occurs in COVID-19 at a frequency similar to that observed in influenza
could rule out a specific viral mechanism affecting atrial rhythm [18]. Conversely, some
investigators have hypothesized that new onset AF might induce an increase in IL-6 serum
levels leading to pulmonary vascular dysfunction and cardiac immune response [43] in
subjects with respiratory distress and hypoxemia due to COVID-19 [18], but confirmatory
studies are lacking. To our knowledge, this is the first study aiming to assess IL-6 serum
levels in COVID-19 patients with and without AF and stratified according to PaO? /FiO?.
Despite no changes were detected in survival rates after stratification, IL-6 levels increased
in every group, without differences between new-onset AF and other forms of AF.

Accumulating evidence suggest that COVID-19 predisposes patients to embolic disor-
ders, but a direct association between SARS-CoV-2 and platelet dysregulation has not been
fully explained. Our results show that COVID-19 patients with new-onset AF have reduced
platelet count, as previously reported [18]. This condition is probably due to a direct viral
effect on platelets which may induce their activation, thus potentiating their prothrombotic
and inflammatory function via Spike/ACE2 interactions [44,45]. Moreover, IL-6 might
directly contribute to the proatherogenic process by stimulating vascular smooth muscle
proliferation, endothelial cell activation and platelet activation [46,47].

The complex interaction between immune activation and vascular damage in patients
with AF and COVID-19 is further supported by the reported increased prevalence of
chronic kidney disease [48-50], as observed in our study. In fact, Russo et al. showed an
association between chronic kidney disease and incident AF in patients admitted in the
emergency units for COVID-19 disease but this finding was not confirmed [27]. Our study
confirms that, at admission, patients with new-onset AF had increased creatinine serum
levels, suggesting that the onset of this arrhythmia might induce hemodynamic instability,
leading to reduced renal perfusion.

Nonetheless, our results suggest that new-onset AF, IL-6 and creatinine levels and
Pa0? /FiO? < 300 represent independent predictors of mortality. These findings suggest
that the increased in-hospital mortality is dependent on the severity of the critical disease
and worsens in the presence of new-onset AF, kidney dysfunction and increasing IL-6
serum levels.

However, the present study has several limitations. First, the results were collected
from a single center without any validation in a second population. Second, it is impossible
to assess whether new-onset AF is related to a direct COVID-19 cardiac involvement or
due to critical illness itself, due both to the limits of the retrospective study design and the
number of AF patients in each group. AF incidence in our cohort is similar to that reported
in other studies; however, the present study highlights that new-onset AF is related to IL-6
serum levels in COVID-19 patients even when stratified according to ARDS status.

5. Conclusions

In conclusion, new-onset AF is a relevant event that needs to be taken into serious
consideration during the assessment of COVID-19. Furthermore, due to the occurrence
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of very early mortality in this group of patients, and the increase of IL-6, further studies
are needed to determine if new-onset AF alone could be considered a relevant marker for
better prognostic stratification that might contribute to very early mortality rates.

Author Contributions: Conceptualization, G.B., W.IN.R,, EI, A.G.V. and C.O.A.; methodology, N.Z.,
S.T., D.LR. and C.I,; validation, EC., AM., PD.M., AS,, VR. and T.D.; formal analysis, G.B., I.C.,
S.G., A.B. and N.I; investigation, C.O.A., D.L.R,, S.T,, N.I. and C.I,; data curation, C.I., C.O.A. and
A.S.; writing—original draft preparation, G.B., C.O.A., C.I, N.I, N.Z,, S.T. and A.B.; writing—review
and editing, E.I,, S.G., I.C., A.G.V. and W.N.R;; visualization, G.B.; supervision, E.I,, S.G., PD.M. and
A.G.V. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki, and approved by ethical committee of the University of Messina (C.E. prot.
365 n. 79-20/11032021n).

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

Data Availability Statement: The datasets used and/or analysed during the current study are
available from the corresponding author on reasonable request.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.

10.

11.

12.

13.

14.

Paules, C.I.; Marston, H.D.; Fauci, A.S. Coronavirus Infections-More Than Just the Common Cold. JAMA 2020, 323, 707-708.
[CrossRef] [PubMed]

Huang, C.; Wang, Y.; Li, X,; Ren, L.; Zhao, ].; Hu, Y.; Zhang, L.; Fan, G.; Xu, ].; Gu, X,; et al. Clinical features of patients infected
with 2019 novel coronavirus in Wuhan, China. Lancet 2020, 395, 497-506. [CrossRef]

Bagnato, G.; La Rosa, D.; Ioppolo, C.; De Gaetano, A.; Chiappalone, M.; Zirilli, N.; Viapiana, V.; Tringali, M.C.; Tomeo, S.; Aragona,
C.O,; et al. The COVID-19 Assessment for Survival at Admission (CASA) Index: A 12 Months Observational Study. Front. Med.
2021, 8, 719976. [CrossRef] [PubMed]

Knight, S.R.; Ho, A.; Pius, R.; Buchan, I.; Carson, G.; Drake, T.M.; Dunning, J.; Fairfield, C.J.; Gamble, C.; Green, C.A,; et al.
Risk stratification of patients admitted to hospital with COVID-19 using the ISARIC WHO Clinical Characterisation Protocol:
Development and validation of the 4C Mortality Score. BMJ 2020, 370, m3339. [CrossRef]

Mann, C.Z.; Abshire, C.; Yost, M.; Kaatz, S.; Swaminathan, L.; Flanders, S.A.; Prescott, H.C.; Gagnon-Bartsch, J.A. Derivation and
external validation of a simple risk score to predict in-hospital mortality in patients hospitalized for COVID-19: A multicenter
retrospective cohort study. Medicine 2021, 100, e27422. [CrossRef]

Bartoletti, M.; Giannella, M.; Scudeller, L.; Tedeschi, S.; Rinaldi, M.; Bussini, L.; Fornaro, G.; Pascale, R.; Pancaldi, L.; Pasquini, Z.;
et al. Development and validation of a prediction model for severe respiratory failure in hospitalized patients with SARS-CoV-2
infection: A multicentre cohort study (PREDI-CO study). Clin. Microbiol. Infect. 2020, 26, 1545-1553. [CrossRef]

Wang, D.; Hu, B.; Hu, C; Zhu, F; Liu, X.; Zhang, J.; Wang, B.; Xiang, H.; Cheng, Z.; Xiong, Y.; et al. Clinical Characteristics
of 138 Hospitalized Patients With 2019 Novel Coronavirus-Infected Pneumonia in Wuhan, China. JAMA 2020, 323, 1061-1069.
[CrossRef]

Kang, Y,; Chen, T.; Mui, D.; Ferrari, V.; Jagasia, D.; Scherrer-Crosbie, M.; Chen, Y.; Han, Y. Cardiovascular manifestations and
treatment considerations in COVID-19. Heart 2020, 106, 1132-1141. [CrossRef]

Zylla, M.M.; Merle, U.; Vey, ].A.; Korosoglou, G.; Hofmann, E.; Muller, M.; Herth, F.; Schmidt, W.; Blessing, E.; Goggelmann, C.;
et al. Predictors and Prognostic Implications of Cardiac Arrhythmias in Patients Hospitalized for COVID-19. J. Clin. Med. 2021,
10, 133. [CrossRef]

Colon, C.M.; Barrios, J.G.; Chiles, ] W.; McElwee, S.K; Russell, D.W.; Maddox, W.R.; Kay, G.N. Atrial Arrhythmias in COVID-19
Patients. JACC Clin. Electrophysiol. 2020, 6, 1189-1190. [CrossRef]

Angeli, F; Reboldi, G.; Spanevello, A.; De Ponti, R.; Visca, D.; Marazzato, J.; Zappa, M.; Trapasso, M.; Masnaghetti, S.; Fabbri,
L.M.; et al. Electrocardiographic features of patients with COVID-19: One year of unexpected manifestations. Eur. J. Intern. Med.
2021, 95, 7-12. [CrossRef] [PubMed]

Russo, V,; Silverio, A.; Scudiero, F.; Micco, P.D.; Maio, M.D. Pre-admission atrial fibrillation in COVID-19 patients: Prevalence and
clinical impact. Eur. J. Intern. Med. 2021, 88, 133-135. [CrossRef] [PubMed]

Angeli, F,; Spanevello, A.; De Ponti, R.; Visca, D.; Marazzato, J.; Palmiotto, G.; Feci, D.; Reboldi, G.; Fabbri, L.M.; Verdecchia, P.
Electrocardiographic features of patients with COVID-19 pneumonia. Eur. J. Intern. Med. 2020, 78, 101-106. [CrossRef] [PubMed]
Lip, G.Y.H.; Genaidy, A.; Tran, G.; Marroquin, P.; Estes, C. Incident atrial fibrillation and its risk prediction in patients developing
COVID-19: A machine learning based algorithm approach. Eur. |. Intern. Med. 2021, 91, 53-58. [CrossRef] [PubMed]


http://doi.org/10.1001/jama.2020.0757
http://www.ncbi.nlm.nih.gov/pubmed/31971553
http://doi.org/10.1016/S0140-6736(20)30183-5
http://doi.org/10.3389/fmed.2021.719976
http://www.ncbi.nlm.nih.gov/pubmed/34660631
http://doi.org/10.1136/bmj.m3339
http://doi.org/10.1097/MD.0000000000027422
http://doi.org/10.1016/j.cmi.2020.08.003
http://doi.org/10.1001/jama.2020.1585
http://doi.org/10.1136/heartjnl-2020-317056
http://doi.org/10.3390/jcm10010133
http://doi.org/10.1016/j.jacep.2020.05.015
http://doi.org/10.1016/j.ejim.2021.10.006
http://www.ncbi.nlm.nih.gov/pubmed/34670682
http://doi.org/10.1016/j.ejim.2021.03.017
http://www.ncbi.nlm.nih.gov/pubmed/33810938
http://doi.org/10.1016/j.ejim.2020.06.015
http://www.ncbi.nlm.nih.gov/pubmed/32586646
http://doi.org/10.1016/j.ejim.2021.04.023
http://www.ncbi.nlm.nih.gov/pubmed/34023150

Medicina 2022, 58, 530 11 of 12

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Harhay, J.; Khan, M.; Shah, S.; Malhotra, A. SARS-COV-2 Presenting as New Onset Atrial Fibrillation: A Case Report. Cureus
2020, 12, e8054. [CrossRef] [PubMed]

Al-Abbas, O.; Alshaikhli, A.; Amran, H.A. New-Onset Atrial Fibrillation and Multiple Systemic Emboli in a COVID-19 Patient.
Cureus 2021, 13, €12917. [CrossRef] [PubMed]

Struyf, T.; Deeks, ].J.; Dinnes, J.; Takwoingi, Y.; Davenport, C.; Leeflang, M.M.; Spijker, R.; Hooft, L.; Emperador, D.; Domen, J.;
et al. Signs and symptoms to determine if a patient presenting in primary care or hospital outpatient settings has COVID-19.
Cochrane Database Syst. Rev. 2021, 2, CD013665. [CrossRef]

Musikantow, D.R.; Turagam, M.K,; Sartori, S.; Chu, E.; Kawamura, I.; Shivamurthy, P.; Bokhari, M.; Oates, C.; Zhang, C.; Pumill,
C.; et al. Atrial Fibrillation in Patients Hospitalized With COVID-19: Incidence, Predictors, Outcomes, and Comparison to
Influenza. JACC Clin. Electrophysiol. 2021, 7, 1120-1130. [CrossRef]

Hindricks, G.; Potpara, T.; Dagres, N.; Arbelo, E.; Bax, J.J.; Blomstrom-Lundqvist, C.; Boriani, G.; Castella, M.; Dan, G.A;
Dilaveris, PE.; et al. 2020 ESC Guidelines for the diagnosis and management of atrial fibrillation developed in collaboration with
the European Association for Cardio-Thoracic Surgery (EACTS): The Task Force for the diagnosis and management of atrial
fibrillation of the European Society of Cardiology (ESC) Developed with the special contribution of the European Heart Rhythm
Association (EHRA) of the ESC. Eur. Heart |. 2021, 42, 373-498. [CrossRef]

Force, A.D.T,; Ranieri, V.M.; Rubenfeld, G.D.; Thompson, B.T.; Ferguson, N.D.; Caldwell, E.; Fan, E.; Camporota, L.; Slutsky, A.S.
Acute respiratory distress syndrome: The Berlin Definition. JAMA 2012, 307, 2526-2533. [CrossRef]

World Health Organization. Coronavirus Disease (COVID-19). Available online: Https://www.who.Int/emergencies/diseases/
novel-coronavirus-2019?Gclid=cjwkcajwh5qlbhaleiwaioods84f_s9kgtvruxlozcyllojpc6goks7opwpxawagdexjvskmagijo
ohocfruqavd_bwe. (accessed on 10 April 2022).

Vadakken, M.E.; Belley-Cote, E.P.; McIntyre, W.F. COVID-19 and AF: What About the Long Game? JACC Clin. Electrophysiol.
2021, 7, 1196-1197. [CrossRef] [PubMed]

Mesquita, D.; Carmo, P.; Cabanelas, N.; Santos, N.; Martins, V.; Sanfins, V.; Costa, H.C.; Fontes, ].P.; Fonseca, P.; Parreira, L.;
et al. Cardiac arrhythmias in patients presenting with COVID-19 treated in Portuguese hospitals: A national registry from
the Portuguese Association of Arrhythmology, Pacing and Electrophysiology. Rev. Port. Cardiol. 2021, 40, 573-580. [CrossRef]
[PubMed]

Paris, S.; Inciardi, R.M.; Lombardi, C.M.; Tomasoni, D.; Ameri, P.; Carubelli, V.; Agostoni, P.; Canale, C.; Carugo, S.; Danzi, G.;
et al. Implications of atrial fibrillation on the clinical course and outcomes of hospitalized COVID-19 patients: Results of the
Cardio-COVID-Italy multicentre study. Europace 2021, 23, 1603-1611. [CrossRef] [PubMed]

Yarmohammadi, H.; Morrow, J.P.; Dizon, J.; Biviano, A.; Ehlert, F.; Saluja, D.; Waase, M.; Elias, P; Poterucha, TJ.; Berman, J.; et al.
Frequency of Atrial Arrhythmia in Hospitalized Patients With COVID-19. Am. J. Cardiol. 2021, 147, 52-57. [CrossRef]

Tacopino, S.; Placentino, F.; Colella, J.; Pesce, F.; Pardeo, A.; Filannino, P.; Artale, P.; Desiro, D.; Sorrenti, P.; Campagna, G.; et al.
New-Onset Cardiac Arrhythmias During COVID-19 Hospitalization. Circ. Arrhythmia Electrophysiol. 2020, 13, €009040. [CrossRef]
Russo, V.; Di Maio, M.; Mottola, EE,; Pagnano, G.; Attena, E.; Verde, N.; Di Micco, P; Silverio, A.; Scudiero, F.; Nunziata, L.;
et al. Clinical characteristics and prognosis of hospitalized COVID-19 patients with incident sustained tachyarrhythmias: A
multicenter observational study. Eur. J. Clin. Investig. 2020, 50, e13387. [CrossRef]

Yoshida, T.; Fujii, T.; Uchino, S.; Takinami, M. Epidemiology, prevention, and treatment of new-onset atrial fibrillation in critically
ill: A systematic review. J. Intensive Care 2015, 3, 19. [CrossRef]

Kelesogluy, S.; Yilmaz, Y.; Ozkan, E.; Calapkorur, B.; Gok, M.; Dursun, Z.B; Kilic, A.U.; Demirelli, S.; Simsek, Z.; Elcik, D. New
onset atrial fibrilation and risk faktors in COVID-19. ]. Electrocardiol. 2021, 65, 76-81. [CrossRef]

Mountantonakis, S.E.; Saleh, M.; Fishbein, J.; Gandomi, A.; Lesser, M.; Chelico, ].; Gabriels, J.; Qiu, M.; Epstein, L.M.; Northwell,
C.-R.C. Atrial fibrillation is an independent predictor for in-hospital mortality in patients admitted with SARS-CoV-2 infection.
Heart Rhythm 2021, 18, 501-507. [CrossRef]

Pardo Sanz, A.; Salido Tahoces, L.; Ortega Perez, R.; Gonzalez Ferrer, E.; Sanchez Recalde, A.; Zamorano Gomez, J.L. New-onset
atrial fibrillation during COVID-19 infection predicts poor prognosis. Cardiol. ]. 2021, 28, 34—40. [CrossRef]

Ruiz, L.A,; Serrano, L.; Espana, P.P.; Martinez-Indart, L.; Gomez, A.; Gonzalez, B.; Artaraz, A.; Zalacain, R. New-onset atrial
fibrillation in patients with pneumococcal pneumonia. Impact of timing and duration on short- and medium-term mortality. J.
Infect. 2021, 82, 67-75. [CrossRef] [PubMed]

Xue, B.; Chugh, K.; Bhanot, R.; Sankari, A. Septic Shock, Community-acquired Pneumonia, New-Onset Atrial Fibrillation, and
Intensive Care Unit Outcomes. Am. J. Respir. Crit. Care Med. 2015, 192, 629-631. [CrossRef] [PubMed]

Yang, Y.H.; Chiang, H.].; Yip, HK,; Chen, K.J.; Chiang, ].Y.; Lee, M.S.; Sung, P.H. Risk of New-Onset Atrial Fibrillation Among
Asian Chronic Hepatitis C Virus Carriers: A Nationwide Population-Based Cohort Study. J. Am. Heart Assoc. 2019, 8, €012914.
[CrossRef] [PubMed]

Moss, T.J.; Calland, J.E,; Enfield, K.B.; Gomez-Manjarres, D.C.; Ruminski, C.; DiMarco, ].P.; Lake, D.E.; Moorman, J.R. New-Onset
Atrial Fibrillation in the Critically Ill. Crit. Care Med. 2017, 45, 790-797. [CrossRef] [PubMed]

Ambrus, D.B.; Benjamin, E.J.; Bajwa, E.K.; Hibbert, K.A.; Walkey, A.]. Risk factors and outcomes associated with new-onset atrial
fibrillation during acute respiratory distress syndrome. J. Crit. Care 2015, 30, 994-997. [CrossRef]

Manjili, R.H.; Zarei, M.; Habibi, M.; Manjili, M.H. COVID-19 as an Acute Inflammatory Disease. J. Immunol. 2020, 205, 12-19.
[CrossRef]


http://doi.org/10.7759/cureus.8054
http://www.ncbi.nlm.nih.gov/pubmed/32537272
http://doi.org/10.7759/cureus.12917
http://www.ncbi.nlm.nih.gov/pubmed/33654600
http://doi.org/10.1002/14651858.CD013665.pub2
http://doi.org/10.1016/j.jacep.2021.02.009
http://doi.org/10.1093/eurheartj/ehaa612
http://doi.org/10.1001/jama.2012.5669
Https://www.who.Int/emergencies/diseases/novel-coronavirus-2019?Gclid=cjwkcajwh5qlbhaleiwaioods84f_s9kgtvruxlozcy11ojpc6goks7opwpxawag4exjvskmagj0ohocfruqavd_bwe.
Https://www.who.Int/emergencies/diseases/novel-coronavirus-2019?Gclid=cjwkcajwh5qlbhaleiwaioods84f_s9kgtvruxlozcy11ojpc6goks7opwpxawag4exjvskmagj0ohocfruqavd_bwe.
Https://www.who.Int/emergencies/diseases/novel-coronavirus-2019?Gclid=cjwkcajwh5qlbhaleiwaioods84f_s9kgtvruxlozcy11ojpc6goks7opwpxawag4exjvskmagj0ohocfruqavd_bwe.
http://doi.org/10.1016/j.jacep.2021.05.018
http://www.ncbi.nlm.nih.gov/pubmed/34556288
http://doi.org/10.1016/j.repc.2020.11.007
http://www.ncbi.nlm.nih.gov/pubmed/34629726
http://doi.org/10.1093/europace/euab146
http://www.ncbi.nlm.nih.gov/pubmed/34297833
http://doi.org/10.1016/j.amjcard.2021.01.039
http://doi.org/10.1161/CIRCEP.120.009040
http://doi.org/10.1111/eci.13387
http://doi.org/10.1186/s40560-015-0085-4
http://doi.org/10.1016/j.jelectrocard.2020.12.005
http://doi.org/10.1016/j.hrthm.2021.01.018
http://doi.org/10.5603/CJ.a2020.0145
http://doi.org/10.1016/j.jinf.2020.11.005
http://www.ncbi.nlm.nih.gov/pubmed/33189773
http://doi.org/10.1164/rccm.201504-0689RR
http://www.ncbi.nlm.nih.gov/pubmed/26158528
http://doi.org/10.1161/JAHA.119.012914
http://www.ncbi.nlm.nih.gov/pubmed/31711382
http://doi.org/10.1097/CCM.0000000000002325
http://www.ncbi.nlm.nih.gov/pubmed/28296811
http://doi.org/10.1016/j.jcrc.2015.06.003
http://doi.org/10.4049/jimmunol.2000413

Medicina 2022, 58, 530 12 of 12

38.
39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

Boos, C.J. Infection and atrial fibrillation: Inflammation begets AF. Eur. Heart ]. 2020, 41, 1120-1122. [CrossRef]

Heijman, J.; Muna, A.P; Veleva, T.; Molina, C.E.; Sutanto, H.; Tekook, M.; Wang, Q.; Abu-Taha, LH.; Gorka, M.; Kunzel, S.; et al.
Atrial Myocyte NLRP3/CaMKII Nexus Forms a Substrate for Postoperative Atrial Fibrillation. Circ. Res. 2020, 127, 1036-1055.
[CrossRef]

Deng, Q.W.; Huang, S; Li, S.; Zhai, Q.; Zhang, Q.; Wang, Z.].; Chen, W.X.; Sun, H.; Lu, M.; Zhou, J. Inflammatory Factors as
Potential Markers of Early Neurological Deterioration in Acute Ischemic Stroke Patients Receiving Endovascular Therapy—The
AISRNA Study. J. Inflamm. Res. 2021, 14, 4399-4407. [CrossRef]

Ziegler, L.; Wallen, H.; Aspberg, S.; de Faire, U.; Gigante, B. IL6 trans-signaling associates with ischemic stroke but not with atrial
fibrillation. BMC Neurol. 2021, 21, 306. [CrossRef]

Ding, W.Y.; Harrison, S.; Gupta, D.; Lip, G.Y.H.; Lane, D.A. Stroke and Bleeding Risk Assessments in Patients With Atrial
Fibrillation: Concepts and Controversies. Front. Med. 2020, 7, 54. [CrossRef] [PubMed]

Stone, E.; Kiat, H.; McLachlan, C.S. Atrial fibrillation in COVID-19: A review of possible mechanisms. FASEB ]. 2020, 34,
11347-11354. [CrossRef] [PubMed]

Zhang, S.; Liu, Y.; Wang, X,; Yang, L.; Li, H.; Wang, Y.; Liu, M.; Zhao, X.; Xie, Y,; Yang, Y.; et al. SARS-CoV-2 binds platelet ACE2
to enhance thrombosis in COVID-19. J. Hematol. Oncol. 2020, 13, 120. [CrossRef]

Angeli, F.; Zappa, M.; Reboldi, G.; Trapasso, M.; Cavallini, C.; Spanevello, A.; Verdecchia, P. The pivotal link between ACE2
deficiency and SARS-CoV-2 infection: One year later. Eur. J. Intern. Med. 2021, 93, 28-34. [CrossRef] [PubMed]

Gawalko, M.; Kaplon-Cieslicka, A.; Hohl, M.; Dobrev, D.; Linz, D. COVID-19 associated atrial fibrillation: Incidence, putative
mechanisms and potential clinical implications. Int. ]. Cardiol. Heart Vasc. 2020, 30, 100631. [CrossRef]

Bautista-Vargas, M.; Bonilla-Abadia, F.; Canas, C.A. Potential role for tissue factor in the pathogenesis of hypercoagulability
associated with in COVID-19. J. Thromb. Thrombolysis 2020, 50, 479-483. [CrossRef]

Dorjee, K.; Kim, H.; Bonomo, E.; Dolma, R. Prevalence and predictors of death and severe disease in patients hospitalized due to
COVID-19: A comprehensive systematic review and meta-analysis of 77 studies and 38,000 patients. PLoS ONE 2020, 15, e0243191.
[CrossRef]

Shahid, Z.; Kalayanamitra, R.; McClafferty, B.; Kepko, D.; Ramgobin, D.; Patel, R.; Aggarwal, C.S.; Vunnam, R.; Sahu, N.; Bhatt,
D.; et al. COVID-19 and Older Adults: What We Know. J. Am. Geriatr. Soc. 2020, 68, 926-929. [CrossRef]

Genovesi, S.; Rebora, P.; Occhino, G.; Rossi, E.; Maloberti, A.; Belli, M.; Bonfanti, P.; Giannattasio, C.; Rossetti, C.; Epis, O.M.; et al.
Atrial Fibrillation and Clinical Outcomes in a Cohort of Hospitalized Patients with Sars-Cov-2 Infection and Chronic Kidney
Disease. J. Clin. Med. 2021, 10, 4108. [CrossRef]


http://doi.org/10.1093/eurheartj/ehz953
http://doi.org/10.1161/CIRCRESAHA.120.316710
http://doi.org/10.2147/JIR.S317147
http://doi.org/10.1186/s12883-021-02321-6
http://doi.org/10.3389/fmed.2020.00054
http://www.ncbi.nlm.nih.gov/pubmed/32154260
http://doi.org/10.1096/fj.202001613
http://www.ncbi.nlm.nih.gov/pubmed/33078484
http://doi.org/10.1186/s13045-020-00954-7
http://doi.org/10.1016/j.ejim.2021.09.007
http://www.ncbi.nlm.nih.gov/pubmed/34588140
http://doi.org/10.1016/j.ijcha.2020.100631
http://doi.org/10.1007/s11239-020-02172-x
http://doi.org/10.1371/journal.pone.0243191
http://doi.org/10.1111/jgs.16472
http://doi.org/10.3390/jcm10184108

	Introduction 
	Materials and Methods 
	Study Population 
	Data Collection 
	Statistical Analysis 

	Results 
	Clinical Profile and Mortality Rate of the Study Population 
	IL-6 Is Increased in New Onset AF and Is Associated with Specific Laboratory Parameters 
	PaO2/FiO2 Stratification and Mortality 
	New Onset AF, IL-6, Creatinine and PaO2/FiO2 < 300 Are Independent Predictors of Mortality in COVID-19 Patients 

	Discussion 
	Conclusions 
	References

