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Abstract

Background: Atrial fibrillation (AF) is the most common cardiac arrhythmia in the adult population.
Herein, is a systematic review with meta-analysis to determine the impact of AF/atrial flutter (AFL)
on mortality, as well as indiwidual complications in patients hospitalized with the covonavirus disease
2019 (COVID-19).

Methods: A systematic search of the SCOPUS, Medline, Web of Science, CINAHL and Cochrane da-
tabases was performed. The a priovi primary outcome of interest was in-hospital mortality. A random-
-effects model was used to pool study results.

Results: Nineteen studies which included 33,296 patients were involved in this meta-analysis. In-
hospital mortality for AFJAFL vs. no-AF/AFL groups varied and amounted to 32.8% vs. 14.2%, respec-
tiely (risk ratio [RR]: 2.18; 95% confidence interval [CI]: 1.79-2.65; p < 0.001). In-hospital mortality
n new onset AF/AFL compared to no-AFAFL was 22.0% vs. 18.8% (RR: 1.86; 95% CI: 1.54-2.24;
D < 0.001). Intensive care unit (ICU) admission was requived for 17.7% of patients with AF/AFL
compared to 10.8% for patients without AF/AFL (RR: 1.94; 95% CI: 1.04-3.62; p = 0.04).
Conclusions: The present study reveals that AF/AFL is associated with increased in-hospital mortal-
ity and worse outcomes in patients with COVID-19 and may be used as a negative prognostic factor
in these patients. Patients with AF/AFL are at higher risk of hospitalization in ICU. The presence of
AF/AFL in individuals with COVID-19 is associated with higher risk of complications, such as bleed-
ing, acute kidney injury and heart failure. AF/JAFL may be associated with unfavorable outcomes due
to the hemodynamic compromise of cardiac function itself or hyperinflammatory state typical of these
conditions. (Cardiol ] 2022; 29, 1: 33-43)
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Introduction

Cardiovascular diseases (CVD) are known to
affect the prognosis of patients hospitalized with
coronavirus disease 2019 (COVID-19) caused by
severe acute respiratory syndrome coronavirus
type 2 (SARS-CoV-2) [1, 2]. It has been demon-
strated that patients with pre-existing comorbidi-
ties, e.g., hypertension, coronary artery disease
(CAD) or congestive heart failure are more likely to
suffer from the severe course of COVID-19 [3, 4],
more often require admission to the intensive care
unit (ICU) [4-6], use mechanical ventilation [3, 7]
and have higher mortality [3, 7, 8], compared to
patients without CVD. This is a sign of increased
vulnerability towards the virus and subsequent
disease.

Atrial fibrillation (AF) is the most common
cardiac arrhythmia in the adult population. Ac-
cording to European Society of Cardiology, glohal
prevalence of AF oscillates between 2% and 4%
and is expected to further increase due to longev-
ity, including an expanding group of people with
long-lasting underlying CVD [9]. The incidence
of atrial flutter (AFL) in individuals without recent
predisposing events and preexisting comorbidities
is estimated to reach 1.7% [10]. Pathophysiologi-
cal mechanisms responsible for those arrhythmias
include i.e.: structural and electrical atrial remod-
eling through fibrosis, hypertrophy, inflammation
or oxidative stress [9, 11, 12]. Acute inflammation
in the course of COVID-19 may alter atrial elec-
trophysiology and structural substrates, therefore
playing a major role in the development of these
conditions in patients with COVID-19 [13]. Due
to the well-established links between inflamma-
tion and AF, the association between COVID-19
and AF constitutes an interesting and thus far,
unexplored subject.

Outcome analysis of patients hospitalized with
COVID-19 provides valuable data that can generate
new hypotheses regarding the pathophysiology of
AF and AFL, help to identify patients at a higher
risk for adverse outcomes and improve patient
management within hospital wards. Previously
published literature on the outcomes of COVID-19
patients with AF/AFL consists mainly of retro-
spective studies, rarely single-center prospective
ones and very often provides conflicting results.
This problem has previously been addressed in
the “discussion forum” section of European Heart
Journal [14, 15] or in review articles [16].

However, to reach solid conclusions regarding
the association between AF/AFL and outcomes

of patients with COVID-19, a systematic analysis
of available data is indispensable. The available
research is insufficient, with one meta-analysis
published in January 2021, providing data about
the influence of AF on outcomes of patients with
COVID-19 [17]. However, it only evaluated the
mortality outcomes, without considering other
complications, and it has been limited to the Euro-
pean and United States populations. Furthermore,
due to the constant changes in our understanding
of COVID-19, development of new treatment pro-
tocols and pandemic dynamics itself, it is essential
to provide updated, high-quality data regarding the
association between COVID-19 and CVD. A sys-
tematic review with meta-analysis was performed
herein, to determine the impact of AF/AFL on
mortality, as well as individual complications in
patients hospitalized with COVID-19.

Methods

The current systematic review and meta-
analysis was complied with the widely recognized
Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) statement (Suppl.
Table S2) [18]. Due to the study design, neither
an institutional review board approval nor patient
informed consent were required.

Search strategy

An extensive search was conducted of the
relevant data using the SCOPUS, Medline, Web
of Science, CINAHL and the Cochrane Central
Register for Controlled Trials from these databases
inception through to October 10", 2021. The search
was performed using the following terms: “atrial
fibrillation” OR “AF” OR “atrial flutter” OR “AFL’
AND “COVID-19” OR “coronavirus disease 2019”
OR “SARS-CoV-2”. Two of the reviewers (M.P. and
A.G.) independently selected candidates for the
study, and conflicts were resolved through discus-
sion with a third reviewer (L.S.).

Studies comparing adult COVID-19 patients
more than 18 years old with and without AF/AFL
were systematically searched as noted. All rand-
omized controlled trials (RCTs) and observational
studies were included in this review. Case reports,
case series, and conference abstracts were ex-
cluded.

Data extraction

Two reviewers (L.S. and M.P.) independently
assessed each article to determine whether they
met the inclusion criteria. In cases of suspected
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data discrepancies, the relevant author was con-
tacted directly, moreover, care was taken to avoid
including data from duplicate publications.

Primary and secondary outcomes

The a priori primary outcome of interest was
in-hospital mortality. Secondary outcomes were:
occurrence of adverse events, in-hospital cardio-
vascular death or hospital- or ICU-length of stay.

Risk of bias assessment

Risk Of Bias In Non-randomized Studies was
used — the Interventions (ROBINS-I) tool was
utilized to assess the quality of the studies’ design
and extent of potential bias [19]. The ROBINS-I
tool examines five bias domains: (1) bias due to con-
founding; (2) bias due to selection of participants;
(3) bias in classification of interventions; (4) bias
due to deviations from intended interventions;
(5) bias due to missing data; (6) bias in measure-
ment of outcomes; (7) bias in selection of the
reported result. The overall ROBINS-I judgment
at domain and study level was attributed according
to the criteria specified in the ROBVIS tool [20].

Statistical analysis

The Cochrane Statistical Package Review
Manager ver. 5.4 (Cochrane Collaboration, London,
United Kingdom) was used for data synthesis and
analysis. For dichotomous data, odds ratios (ORs)
or risk ratios (RRs) as the effect measure were
used with 95% confidence intervals (Cls), and
for continuous data, standard mean differences
(SMDs) with 95% CI were used. In cases where
the continuous outcome was reported in a study
as median, range, and interquartile range, means
and standard deviations were estimated using
the formula described by Hozo et al. [21]. Het-
erogeneity was quantified in each analysis by the
tau-squared and I” statistics. Values of I* > 50%
and > 75% were considered to indicate moder-
ate and significant heterogeneity among studies,
respectively. A random-effects model was used to
pool study results independently of the p-value for
heterogeneity or I” [22].

Results

Characteristics of studies included
in the meta-analysis

A total of 1,012 articles were identified from
the Medline (PubMed), Embase, Cochrane library,
and the manual search as described above. Ulti-
mately, 19 studies [23-41] published from 2020 to

2021 which included 33,296 patients in the meta-
analysis (Fig. 1). The details of the selected trials
are summarized in Table 1.

Male gender in the AF/AFL and no-AF/AFL
groups varied and amounted to 56.6% vs. 52.4%
(OR: 1.23; 95% CI: 1.05-1.44; I*: 64%; p = 0.01).
Mean age of patients in AF/AFL group was 73.8 +
+ 11.2 years compared to 61.8 = 17.5 years for no
AF/AFL group (SMD: 0.90; 95% CI: 0.39-1.41; I*:
99%; p < 0.001). Detailed characteristics of patient
comorbidities are presented in the Supplemen-
tary Table S1.

Results of the meta-analysis

In-hospital mortality was reported in 18 studies
and was 32.8% for AF/AFL group compared to 14.2%
(RR: 2.18; 95% CI: 1.79-2.65; I: 90%; p < 0.001;
Fig. 2). Sub-analysis showed that in-hospital mor-
tality in new onset AF/AFL compared to the non-
-AF/AFL group amounted to 22.0% vs. 18.8% (RR:
1.86; 95% CI: 1.54-2.24; I”: 72%; p < 0.001; Fig. 3).

In-hospital cardiovascular death was reported
in 1 study [40] and was 10.4% vs. 5.2% respectively
for patients with and without AF/AFL (RR: 2.02;
95% CI: 1.11-3.66; p = 0.02). Uribarri et al. [41]
also showed 60-day mortality which was 43.3% vs.
30.9%, respectively (RR: 1.40; 95% CI: 1.10-1.79;
p = 0.02).

Intensive care unit admission was required for
17.7% of patients with AF/AFL compared to 10.8%
for patients without AF/AFL (RR: 1.94; 95% CI:
1.04-3.62; I: 72%; p = 0.04).

Mechanical ventilation was reported in 6 stud-
ies and was 14.4% vs. 5.2% for patients with and
without AF/AFL (RR: 1.76; 95% CI: 0.92-3.36; I*:
89%; p = 0.09).

A pooled analysis of the observed adverse
events is presented in Table 2. Patients with AF/
/AFL had a higher risk of bleeding events (9.1%
vs. 3.2%; RR: 3.50; 95% CI: 1.55-7.91; I*: 47%;
p = 0.003), heart failure (HF) (23.1% vs. 18.2%; RR:
1.39; 95% CI: 1.01-1.91; I*: 35%; p = 0.04) as well
as higher risk of acute kidney injury (AKI) (41.9%
vs. 40.1%; RR: 1.31; 95% CI: 1.10-1.57; I?: 0%;
p = 0.003), compared to patients without AF/AFL.

Length of stay in ICU was reported in 2 stud-
ies and was 10.2 = 21.9 days for AF/AFL group
compared to 37.9 + 18.7 days for no AF/AFL group
(SMD: -1.40; 95% CI: -5.54 to 2.75; I*: 100%;
p = 0.51; Fig. 4).

Hospital length of stay in AF/AFL and no AF/
/AFL amounted to 9.4 *= 3.7 vs. 8.0 = 3.1 days,
respectively (SMD: 1.27; 95% CI: 0.18-2.36; I*:
99%; p = 0.02).
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Figure 1. Flow diagram showing stages of the database search and study selection as per Preferred Reporting ltems
for Systematic Reviews and Meta-Analyses (PRISMA) guidelines.

Discussion

General considerations and study population

Cardiovascular diseases, such as hyperten-
sion, have already been shown to worsen the
prognosis of COVID-19 patients, both in terms
of morbidity (increased risk of developing severe
disease, need for hospitalization within ICU) and
mortality [4, 8]. However, so far, no consensus has
been reached regarding the impact of AF on the
outcome of patients with COVID-19.

Atrial fibrillation and flutter are arrhythmias
occurring mostly in the elderly, with hypertensive
heart disease and coronary heart disease being the
most frequently observed underlying disorders.
According to previous studies, at least one risk
factor, most often hypertension, is present among
COVID-19 patients developing AF [42, 43]. How-
ever, there are also reports regarding new-onset
AF emerging without any pre-existing illness
[42, 44, 45]. The most prevalent comorbidities
in patients with AF/AFL in this study included

hypertension, chronic obstructive pulmonary dis-
ease (COPD) and CAD. Furthermore, the groups
with AF/AFL tend to be of older age compared
to groups without AF/AFL, with the difference
in the mean age reaching as high as 24.6 years in
one study [32].

Mortality in new-onset
vs. pre-existing AF/AFL

Based on our findings, mortality was 2.18-fold
higher in COVID-19 patients with pre-existing
AF/AFL, compared to the non-AF/AFL group. This
increase is much higher, compared to the previous
meta-analysis, where the mortality was only 1.13-
-fold higher in patients with AF [17]. The reason
for this difference, may be the inclusion of different
populations in the present study, since the previous
meta-analysis took into consideration only studies
conducted in Europe and the United States. The
magnitude of the increased risk in patients with
pre-existing AF hospitalized due to COVID-19,
remains to be established.
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Figure 2. Forest plot of in-hospital mortality in atrial fibrillation/atrial flutter (AF/AFL) and no-AF/AFL groups. The center
of each square represents the weighted risk ratios for individual trials, and the corresponding horizontal line stands
for a 95% confidence interval (Cl). The diamonds represent pooled results.
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Figure 3. Forest plot of in-hospital mortality in new onset atrial fibrillation/atrial flutter (AF/AFL) no-AF/AFL groups.
The center of each square represents the weighted risk ratios for individual trials, and the corresponding horizontal
line stands for a 95% confidence interval (Cl). The diamonds represent pooled results.

Due to a high prevalence of broad spectrum of
comorbhidities in patients with AF/AFL (e.g., hyper-
tension, COPD, CAD) the distinction needs to be
made between the impact of AF/AFL and the impact
of other chronic diseases on in-hospital mortality.
To date, in spite of the burden of comorbidities in
patients with AF/AFL, many studies included in
this meta-analysis confirmed that AF/AFL is an
independent negative prognostic factor in patient
with COVID-19 [23, 24, 29, 32, 33, 36, 37, 40, 41]. To
confirm this finding, AF was associated with higher
in-hospital mortality mainly in patients with a low or
intermediate CHA,DS,-VASc score [15], suggesting
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that the existence of AF/AFL is not only the cumula-
tive measure of risk due to other chronic diseases,
but a novel prognostic factor. Hence, AF/AFL are
potentially useful in clinical routine to identify pa-
tients at a higher risk of death, suggesting a need
for a closer monitoring and a more intensive therapy.

Interestingly, the current study demonstrated
that COVID-19 patients with new-onset AF/AFL had
a 1.8-fold higher risk of mortality, compared to patients
without AF/AFL, whereas patients with pre-existing
AF had 2.18-fold higher risk of mortality, as compared
to patients without AF/AFL. This suggests that espe-
cially pre-existing AF/AFL exerts its negative effects
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Table 2. Polled analysis of adverse events among included trials.

Adverse No. of Events/participants Events Heterogeneity P-value for
event studies between trials differences
across
AF/AFL No AF/AFL RR 95% CI P-value [I’statistic groups
Embolic 3 253/2699 181/2835 2.81 0.75-10.51 0.001 86% 0.12
events (9.4%) (6.4%)
APE 2 3/91 14/674 1.80 0.10-32.61 0.07 70% 0.69
(3.3%) (2.1%)
Stroke 2 7/429 34/4058 1.95 0.87-4.37 0.75 0% 0.11
(1.6%) (0.8%)
Bleeding 4 41/450 32/995 3.50 1.55-7.91 0.13 47% 0.003
events (9.1%) (3.2%)
Acute Ml 2 0/91 11/674 0.77 0.07-8.87 0.25 25% 0.84
(0.0%) (1.6%)
Heart failure 3 75/324 165/907 1.39 1.01-1.91 0.22 35% 0.04
(23.1%) (18.2%)
Myocarditis 2 0/66 (0.0%) 1/481 (0.2%) 2.81 0.12-68.19 NA NA 0.53
Ventricular 1 1/54 0/463 25.31 1.04-613.72 NA NA 0.05
arrhythmia (1.9%) (0.0%)
CPR 1 1/37 (2.7%) 8/211 (3.8%) 0.71 0.09-5.53 NA NA 0.75
Acute kidney 2 113/270 178/444 1.31 1.10-1.57 0.66 0% 0.003
injury (41.9%) (40.1%)
RRT 1 14/37 52/211 1.54 0.95-2.47 NA NA 0.08
(37.8%) (24.6%)

AF — atrial fibrillation; AFL — atrial flutter; APE — acute pulmonary embolism; Cl — confidence interval; CPR — cardiopulmonary resuscitation;
MI — myocardial infarction; NA — not applicable; RR — risk ratio; RRT — renal replacement therapy

AF/AFL No AF/AFL Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight 1V, d 95% CI IV, Rand 95% CI
1.11.1 ICU length of stay
Ergiin 2021 9.4 3 37 8 1.7 211 50.0% 0.72[0.36, 1.07] =
Kelesoglu 2021 11 32 33 48 8 625 50.0% -3.51[-3.91,-3.11] -
Subtotal (95% CI) 70 836 100.0% -1.40 [-5.54,2.75] RO e —
Heterogeneity: Tau® = 8.90; Chi? = 241.10, df = 1 (P < 0.00001); I> = 100%
Test for overall effect: Z = 0.66 (P = 0.51)
1.11.2 Hospital length of stay
Ergiin 2021 15 3.2 37 143 1.8 211 16.7% 0.34 [-0.01, 0.69] il
Garcia-Granja 2021 9.8 6.1 54 10.4 6.9 463 16.8% -0.09 [-0.37, 0.19] -
Kelesoglu 2021 10.63 1.67 33 8.97 2.94 625 16.7% 0.57[0.22, 0.92] -
Kelesoglu 2021 (B) 10.8 0.8 41 83 0.5 741 16.6% 4.81[4.41, 5.20] -
Musikantow 2021 825 15 375 7 1.3 3595 17.0% 0.95 [0.84, 1.06] .
Pardo Sanz 2021 164 13 12 8.6 6.5 148 16.2% 1.09 [0.49, 1.69] e
Subtotal (95% CI) 552 5783 100.0% 1.27 [0.18, 2.36] o
Heterogeneity: Tau? = 1.82; Chi? = 434.41, df = 5 (P < 0.00001); I> = 99%
Test for overall effect: Z = 2.29 (P = 0.02)

4 - 2 4
No AF/AFL AF/AFL

Figure 4. Forest plot of length of hospital stay in atrial fibrillation/atrial flutter (AF/AFL) and no-AF/AFL groups. The
center of each square represents the weighted standard mean differences for individual trials, and the corresponding
horizontal line stands for a 95% confidence interval (Cl). The diamonds represent pooled results; ICU — intensive

care unit.

in the course of COVID-19. The higher risk of mortal-
ity in the group with long-lasting AF/AFL can also be
an indicator of a long-term hemodynamic compromise,
caused by the persistent effect of arrhythmia on the
effectivity of atrial systole, which may produce higher
susceptibility for adverse outcomes.

www . cardiologyjournal.org

Mid-term mortality

One study provided additional data on 60-day
mortality, which indicated a slightly lower increase in
mortality between the AF/AFL group, compared to the
non-AF/AFL group (RR: 1.40) [41]. This may suggest
that the highest burden of AF/AFL falls on the period
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of first hospitalization, indicating the special need of
intensive care and monitoring in the acute phase.

Reasons for increased mortality in AF/AFL

There are several theories explaining the
association of AF/AFL with worse outcomes in
COVID-19 that are strongly related to the molecu-
lar mechanisms underlying the electrical instability
of atrial arrhythmias, hyperinflammatory state and
mechanical stress on the cardiomyocytes.

Firstly, AF is associated with increased lev-
els of angiotensin-converting enzyme 2 (ACE-2),
the enzyme localized on the surface of coronary
endothelial cells, cardiomyocytes and cardiac fi-
broblasts. In AF, levels of ACE-2 correlate strongly
with the remodeling of the left atrium and play
a pathophysiologic role by creating the substrate
for arrhythmia [41, 46]. At the same time, ACE-2
is a receptor for SARS-CoV-2, allowing for viral
entry. Higher levels of ACE-2 are associated with
higher susceptibility for infections with SARS-
CoV-2 and developing COVID-19 by allowing for
a higher viral load within cells [46]. AF may be
associated with higher levels of ACE-2, responsi-
ble for unfavorable outcomes. On the other hand,
ACE-2 may also play a direct role in the cardiac
involvement in the course of COVID-19. ACE-2
receptors are present on the cardiomyocytes as
well pericytes in the vessels of microvasculature
of the heart. Pericytes envelope the endothe-
lial cells of microcirculation, providing vascular
integrity [47-49]. It has been speculated that
SARS-CoV-2 may interact with ACE-2 receptors
on pericytes and lead to vascular leakage and
consequent myocardial edema [11]. The edema,
in turn, through increased interstitial hydrostatic
pressure may lead to aberrations in ion channels
conductance, predisposing patients with cardiac
complications to AF. Consequently, a new-onset
AF may be a manifestation of AKI.

Secondly, an inflammatory state underlies and
predicts the onset of AF in humans [41]. An in-
creasing body of evidence demonstrates the role of
inflammatory markers (e.g., interleukin-6 and tumor
necrosis factor alpha) [50-52], as well as inflamma-
tory infiltrates within the myocardium in pathophysi-
ology of AF [12, 53, 54]. Conversely, persistent AF
itself favors remodeling by promoting inflammation,
perpetuating the aberrations on the level of electrical
conductance and producing the so-called ‘AF begets
AF’ phenomenon. Consequently, individuals with
long-lasting AF may be at higher risk of develop-
ing a hyperinflammatory reaction in the course of
COVID-19 but also in patients undergoing COVID-19,

developing a hyperinflammatory state, and are more
likely to suffer from new-onset AE.

Thirdly, some studies suggest that AF may be
the consequence of pulmonary vascular dysfunc-
tion (PVD), a condition frequently underlying acute
respiratory distress syndrome. In this scenario,
PVD is characterized by enhanced inflammatory
signaling, remodeling and thrombosis within the
microvasculature of the lungs, exerts mechani-
cal stress on the right atrium and consequently
on structural and electrical changes in cardio-
myocytes. This creates a substrate for arrhyth-
mias, especially AF. Studies conducted before
the pandemic supported this hypothesis, showing
a higher prevalence of AF in patients with pulmo-
nary hypertension and tachycardia, both of which
frequently occur in the course of COVID-19 [55].
In this regard, a new-onset AF would be a condition
reflecting the occurrence of PVD.

Elucidating the exact cause or mechanism of
death in individuals remains a challenge. This study
demonstrated that in-hospital cardiovascular death
occurred 2 times more often in the AF/AFL group
compared to the non-AF/AFL group. These results
are, however, based solely on one retrospective
study, hence, does not allow drawing general
conclusions. Therefore, we suggest that future
studies should make the distinction between car-
diovascular death, and non-cardiovascular causes.
Also, due to the significance of inflammation in
the pathophysiology of AF/AFL, we recommend
measuring inflammatory parameters and correlat-
ing them with adverse outcomes.

ICU admission

The present study has demonstrated that ICU
admission was required more frequently in the AF/
/AFL group compared to the non-AF/AFL group,
although no significant difference in the ICU length
of stay was observed. Further analysis of 2 studies
[25, 30] provided insights regarding the mechanisms
in which AF/AFL may contribute to worse outcomes
in the examined group of patients. In the study of
Ergiin et al. [25], conducted with a group of ICU-
-patients, the laboratory findings showed an evident
increase in the markers of cardiac injury (e.g., high
sensitive troponin I; B-type natriuretic peptide) in
the group with new-onset atrial fibrillation (NOAF)
compared to the group without NOAF. Interestingly,
no such difference was visible for C-reactive protein,
white blood cell count, lymphocytes or neutrophils.
In another study by Uribarri et al. [41] patients with
AF have a significantly higher incidence of HE but
lower incidence of respiratory insufficiency, high
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flow nasal cannula, both with noninvasive and inva-
sive mechanical ventilation.

This suggests that AF/AFL may exert its
detrimental effects (reflected by the necessity of
therapy in ICU) through myocardial injury rather
than only passively reflecting the lung pathology
and hyperinflammatory state. These findings may
be relevant for the therapy of COVID-19 patients,
as the scenario where AF/AFL causes worse
outcomes directly through cardiac injury that re-
quires different specific therapy administered by
a team with extensive cardiological knowledge, as
compared to the scenario, where AF/AFL merely
accompanies severe disease where the stress is
put on anesthesiologic therapy.

Individual complications

The complications occur significantly more
frequently in COVID-19 patients with AF/AFL,
compared to those without AF/AFL including
bleeding events, AKI and HE.

Bleeding complications occurred 3.5 times
more often in the AF/AFL group compared to the
non-AF/AFL group, based on 4 studies [26, 35,
37, 41]. Interestingly, 1 study reported that in
patients with AF, a percentage of those treated
with appropriate doses of anticoagulants was
low (57%) [41]. The remaining individuals were
either treated with a prophylactic dose only
(25.7%) or did not receive any anticoagulant
treatment (17.3%). In spite of that, the incidence
of relevant bleeding complications in the AF
group was more than 4 times higher compared to
the non-AF group (OR: 4.03). The study by Ru-
bini-Costa et al. [37] demonstrated no statistical
association between any anticoagulant medica-
tion and the risk of major bleeding. Consequently,
anticoagulants seem to be not the main factor
responsible for bleeding and further research
i1s warranted to investigate the pathophysiology
behind bleeding complications.

The present study found that AKI is 1.31
higher in the patients with AF/AFL, as compared
with patients without AF/AFL. In the study by
Ergiin et al. [25] in the NOAF group, compared
with non-NOAF group, the incidence of secondary
bacterial infections was higher (75.7% vs. 51.7%)
and comparable to the frequency of AKI, suggest-
ing that there may be links between these 2 phe-
nomena and NOAF [25]. In fact, AF was described
as the most common arrhythmia in patients with
sepsis [56] and the one associated with increased
mortality in this group [57], which demonstrates
its links with the acute inflammatory state.

Conclusions

The present study showed that AF/AFL is
associated with increased in-hospital mortality
and worse outcomes in patients with COVID-19
and may be used as a negative prognostic factor in
these patients. Patients with AF/AFL are at higher
risk of hospitalization in ICU. The presence of AF/
/AFL in individuals with COVID-19 is associated
with higher risk of complications, such as bleed-
ing, AKI and HE. AF/AFL may be associated with
unfavorable outcomes due to the hemodynamic
compromise of cardiac function itself or hyperin-
flammatory state typical of these conditions.
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