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Abdulkarim Abdulrahman a, Tajammul Hussain a, Safraz Nawaz a, Shereen AlShaikh a,
Abdulrahman Almadani b, Fawaz Bardooli a,*

a Mohammed Bin Khalifa Cardiac Centre, Riffa, Bahrain
b Bahrain Defense Force Hospital and Royal Medical Services, Riffa, Bahrain

Abstract

Introduction:New onset atrial fibrillation leads to worse outcomes in patients with sepsis. The association between new
onset atrial fibrillation (AF) in COVID19 patients with COVID19 outcomes are lacking. This study aims to determine
whether new onset atrial fibrillation in COVID19 patients admitted in the ICU is a risk factor for death or requirement of
mechanical ventilation (MV).
Methods: This is a retrospective study conducted in a cohort of COVID-19 patients admitted to Bahrain Defence Force

COVID19 Field ICU between April 2020 to November 2020. Data were extracted from the electronic medical records. The
patients who developed new onset AF during admission were compared to patients who remained in sinus rhythm.
Multivariate logistic regression models were used to control for confounders and estimate the effect of AF on the
outcomes of these patients.
Results: Our study included a total of 492 patients out of which 30 were diagnosed with new onset AF. In the AF group,

the primary outcome occurred in 66.7% of patients (n ¼ 20). In the control group, 17.1% (n ¼ 79) developed the primary
outcome.
Upon adjusting for the confounders in the multivariate regression model, AF had an odds ratio of 3.96 (95% CI: 1.05 e

14.98; p ¼ 0.042) for the primary outcome.
Conclusion: Our results indicate that new onset AF is a risk factor for worse outcomes in patients admitted with

COVID19 in the ICU.

Keywords: Atrial fibrillation, arrythmia, atrial arrythmia, COVID-19, Sars-CoV2, Corona virus, ICU, Critical Care,
Bahrain

Introduction

S ARS-CoV2 continues to spread rampantly
since its emergence in Wuhan, China in

December 2019. To date, this novel virus has
infectedmore than 175 million people and resulted
in more than 3.7 million deaths worldwide [1].
People with history of cardiovascular disease are
considered at a high risk for severe COVID19 [2].
Severe COVID19 have been associated with an

increase in Troponin-I levels which suggests a
myocardial injury and is associated with poor out-
comes [2]. Severe COVID-19 disease is also known
tocausea spectrumof cardiovascular complications
such as acute coronary syndromes, myocarditis,
heart failure and arrythmias [3].
In a study conducted in New York on 393 patients

with COVID19, atrial arrhythmias were more pre-
velant among patients requiring mechanical venti-
lation [4].
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Similarly Colon et al reported that new onset
atrial tachyarrythmias were only seen in COVID19
patients admitted in the ICU and none in the gen-
eral medical services [5].
AF has been associated with worse clinical out-

comes in patients with sepsis [6].
With atrial fibrillation (AF) being the most com-

mon arrythmia in the severely ill COVID19 patients,
this suggests that it is possible that people who
develop atrial fibrillation during their COVID19
illness are at an increased risk of poor outcomes [7].
Studies that examine the effect of Atrial fibrillation

on COVID-19 outcomes are a few and it is predicted
that these patients might have unfavorable out-
comes with high rates of morbidity and mortality.
This study aims to determine if Atrial fibrillation

is a risk factor for the primary outcome (death or
requirement of mechanical ventilation) in severe
COVID-19 cases.

Objectives

Compare the odds ratio of mechanical ventilation
or death in COVID19 patients with atrial fibrillation
to non-atrial fibrillation patients.

Methods

Study design and setting

This is a retrospective study conducted in a cohort
of COVID-19 patients admitted to Bahrain Defence
Force COVID19 Field ICU between April 2020 to
November 2020. The BDF-FICU is a field hospital,
transformed from a multistorey parking lot into a
fully equipped hospital with an ICU setting. Only
male patients with severe COVID 19 disease were
admitted to the BDF-FICU [8].

Outcomes

The primary endpoint are the requirement of
mechanical ventilation or death. The outcome was
compared between patients who developed new
onset AF with COVID19 to patients with COVID19
in sinus rhythm.

Data sources and variables assessed

All COVID-19 patients admitted to the Field
Hospital (BDF-FICU) in the study period were
included and there data extracted from the elec-
tronic medical records. The data gathered included
patients’ demographic details, vital signs, peak

laboratory test results, past medical history, ECG
findings, echocardiographic finding and outcomes.

Diagnosis

The following methods were used to diagnose
COVID-19

COVID-19
All patients were confirmed to be infected by

SARS-CoV-2 using a PCR test of a nasopharyngeal
sample. The PCR test was conducted using Thermo
Fisher Scientific (Waltham, MA) TaqPath 1-Step RT-
qPCR Master Mix, CG on the Applied Biosystems
(Foster City, CA) 7500 Fast Dx RealTime PCR In-
strument. The assay used and targeted the E gene. If
the E gene was detected, the sample was then
confirmed by RdRP and N genes. The E gene Ct
value was reported and used in this study. Ct
values > 40 were considered negative. Positive and
negative controls were included for quality control
purposes.

Exposure assessment

Atrial fibrillation
All admitted patients ECGs and their medical

records were examined for the presence of Atrial
fibrillation Any patient who developed atrial fibril-
lation (paroxysmal or continuous) during the course
of admission was added to the atrial fibrillation
group. Cases who developed atrial fibrillation after
the onset of mechanical ventilation were considered
as controls (non-atrial fibrillation). Cases with
known history of atrial fibrillation were excluded
from this study.

Statistical analysis

The distribution of groups were summarized.
Bivariate associations were analyzed using Chi-
squared (c2) tests for categorical variables and t-test
for continuous variables. We assessed endpoints
and their associations with both groups.
Multivariable logistic regressionmodelwas used to

estimate the relationship between atrial fibrillation
and death. Given that 99 cases developed the
outcome, and in order to preventmodel over fitting, 9
variables atmostwere allowed in themodel building.
In order to choose the adjusted factors in the multi-
variate model, a univariate analysis between other
variables and the outcome was conducted. Variables
without group differences were excluded from the
univariate analysis.Apvalue of 0.2wasused to screen
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the other variables. Colinear variables were excluded
from themultivariatemodel. The included covariates
were selected based on each variable associationwith
the outcome and the predictor in a univariate anal-
ysis. Post estimation testing, AUC and Adjusted R-
Sqaure were used to compare regressionmodels and
select the final model.
A two sides p value of 0.05 was considered sta-

tistically significant. The STATA software, version
15.1, was used to execute the statistical analyses,
(StataCorp. 2017. Stata Statistical Software: Release
15. College Station, TX: StataCorp LLC.) [9].

Ethical approval

The protocol and manuscript for this study were
reviewed and approved by the National COVID-
19 Research Committee in Bahrain. All methods
and retrospective analysis of data was approved
by the National COVID-19 Research and Ethics
Committee, and carried out in accordance with
the local guideline and ethical guidelines of the
Declaration of Helsinki 1975. All data used in this
study was collected as part of normal medical
procedures.
Informed consent was waived by the National

COVID-19 Research and Ethics Committee for this
study due to its retrospective and observational
nature and the absence of any patient identifying
information.

Results

492 cases with severe COVID19 were included. Of
which a total of 30 patients were diagnosed with new
onset AF. Table 1 summarizes the baseline charac-
teristics of both groups. Themeanage of theAFgroup
was 70.0 years in comparsion to 52.3 years in the
control group. 96.4% (n ¼ 27) of the atrial fibrillation

group were Bahraini nationals, compared to 69.6%
(n ¼ 312) of the non-atrial fibrillation group.
Diabetes, hypertension, coronary artery disease

and heart failure were more common in the AF
group. 46.7% were diabetic 56.7% were hyperten-
sive, 33.3% had coronary artery disease and 10%
had heart failure. Significant differences at the 0.05
level between the two groups were only seen in
coronary artery disease and heart failure. The
prevalence of diabetes and hypertension were not
significantly different across the studied groups.
The biochemical markers showed significant dif-

ferences between the study and control groups. The
mean CKMB (IU/L) level was 91.4 (±110.5) in the
Atrial fibrillation group compared to 55.3 (±87.0) in
the control group (p ¼ 0.03). Mean eGFR (ml/min/
1.7 m2) was 43.6 (±18.0) in the Atrial fibrillation
group compared to 55.4 (±12.2) in the control group
(p < 0.001). BNP (pg/ml) was significantly elevated
in Atrial fibrillation, mean level 4814.4 (±10606.7)
compared to 715.9 (±4155.3). Ddimer (ug/ml) was
also significantly elevated in Atrial fibrillation
group, mean DDimer was 7 (±7) in the Atrial
fibrillation group compared to 3.4 (±5.7) in the
control group. Fig. 1 shows the mean level of
biochemical markers stratified by AF status. Peak
troponin level were not significantly different be-
tween the two groups. The AF group had signifi-
cantly lower systolic BP, higher blood urea and
serum creatinine and had more patients requiring
ionotropic.
The characteristics of the studied sample and the

in hospital investigations and management are
summarized in Tables 1 and 2.

Disease outcomes

In the Atrial fibrillation group, the primary
outcome of mechanical ventilation or death

Table 1. Baseline characteristics.

Factor Level Non-Atrial fibrillation Atrial fibrillation p-value

N 462 30
Age, mean (SD) 52.3 (15.7) 70.0 (11.8) <0.001
Bahraini National 312 (69.6%) 27 (96.4%) 0.002
Alcohol 10 (2.2%) 0 (0.0%) 0.42
Diabetes 166 (35.9%) 14 (46.7%) 0.24
Hypertension 181 (39.2%) 17 (56.7%) 0.058
Coronary artery disease 49 (10.6%) 10 (33.3%) <0.001
Heart failure 6 (1.3%) 3 (10.0%) <0.001
Pulmonary Embolism 1 (0.2%) 0 (0.0%) 0.80
LVEF, mean (SD) 51.2 (12.3) 48.6 (11.7) 0.37
Smoking None 392 (84.8%) 24 (80.0%) 0.64

Current smokers 27 (5.8%) 3 (10.0%)
Ex smokers 43 (9.3%) 3 (10.0%)
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occurred in 66.7% of patients (n ¼ 20) as compared
to 17.1% (n ¼ 79) in the control group.
In the AF group, 16 patients (53.3%) required

mechanical ventilation and 17 (56.7%) deaths

occurred. In the control group, 62 patients required
mechanical ventilation (13.4%) and 64 (13.7%)
deaths occurred. These difference were highly sig-
nificant in all the aforementioned cases (p < 0.001).

Table 2. In hospital investigations and management.

Factor Reference
range

Non-Atrial
Fibrillation

Atrial
Fibrillation

p-value

N 462 30
Vital signsa

Systolic Blood Pressure,mmHg, mean (SD) �120 126.8 (20.5) 111.8 (21.6) <0.001
Diastolic Blood Pressure, mmHg, mean (SD) �80 73.1 (33.8) 62.7 (12.9) 0.095
Heart Rate, bpm, mean (SD) 60-100 83.0 (16.4) 87.4 (23.2) 0.16
Laboratory resultsb

Troponin I (Peak), ug/L, mean (SD) <0.04 1.8 (11.4) 0.8 (1.9) 0.65
CK, IU/L, mean (SD) 55-170 934.6 (3270.1) 1912.0 (3314.3) 0.12
CKMB, IU/L, mean (SD) �25 55.3 (87.0) 91.4 (110.5) 0.031
CRP,mg/L, mean (SD) <5 131.8 (161.8) 220.0 (233.1) 0.007
Urea, mmol/L, mean (SD) 1.8 e 7.1 9.2 (8.2) 18.1 (11.1) <0.001
Creatinine, umol/L, mean (SD) 60-100 95.9 (87.7) 157.4 (124.9) <0.001
Estimated Glomerular filtration rate, ml/min/ 1.7 m2 , mean (SD) >60 55.4 (±12.2) 43.6 (±18.0) <0.001
BNP, pg/ml, mean (SD) <125 715.9 (4180.0) 4814.4 (10606.7) <0.001
D-dimer, ug/ml, mean (SD) <0.4 3.4 (5.7) 7.0 (7.1) 0.002
INR, mean (SD) �1.1 1.6 (6.5) 1.6 (0.6) 0.99
Anticoagulation 462 (100%) 30 (100% e

Type of anticoagulant
Heparin 448 (97.0%) 20 (66.7%) <0.001
Warfarin 0 (0.0%) 4 (13.3%)
NOAC 14 (3.0%) 6 (20.0%)

Inotropes 45 (9.8%) 13 (44.8%) <0.001
a Vital signs were measured on admission.
b Laboratory values are the peak levels prior to the development of the primary outcome.

Fig. 1. Mean level and 95% Confidence interval of biochemical markers (CK, CKMB, CRP D-dimer) stratified by AF status.
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The unadjusted odds ratio for Atrial fibrillation
patients developing the outcome was 9.70 (95% CI:
4.37 e 21.51; p < 0.001). Upon adjusting for con-
founders in the multivariate model, we found the
odds ratio to be 3.96 (95% CI: 1.05 e 14.98; p ¼ 0.042).
Tables 3 and 4 summarizes results
Additional details on the statistical models are

available in the Appendix.

Discussion

COVID 19 has been associated with increase in
mortality and morbidity among ICU admitted pa-
tients since December 2019 when it was first re-
ported in China [2,10]. In this study, we looked at AF
as a parameter that may contribute to outcomes in
severe COVID 19 patients admitted in the ICU.
Atrial fibrillation was significantly associated with
an increase odds in the requirement for mechanical
ventilation and/or in hospital death in hospitalized
COVID-19 patients in the ICU.
There was several differences between the studied

groups. The AF group were older, had more prev-
alent comorbidities and had a higher incidence of
the studied outcome.
Atrial Fibrillation is the most common arrhythmia

seen in elderly, with a reported disease burden of
more than 33 million word wide [11,12]. Moreover,
AF can be triggered by systemic infection [13].
Hence, the elderly population were at a greater risk
to develop AF. The relationship between age and
atrial fibrillation explains the difference in the mean
age observed between the two groups. Age has a
significant association with worse disease progres-
sion in COVID19 [7,14], especially in patients above
60 years of age [15]. In a study conducted on 72314
COVID19 cases in China, increasing age was

strongly associated with COVID-19-related death,
with people aged 80 or over having a more than 20-
fold-increased risk compared to 50e59-year-olds
[16].
The prevalence of baseline comorbidities, namely

diabetes, hypertension, coronary artery disease and
heart failure, were more common in the AF group.
Multiple reasons explain the observed difference.
These comorbidities are known risk factors for AF.
In the Framingham heart study, age adjusted risk
factors for the development of AF were diabetes
mellitus, hypertension, coronary artery disease and
smoking [17]. Furthermore, many of these comor-
bidities are considered age related comorbidities
and hence are expected with the higher mean age
observed in our study [14]. The higher prevalence of
these comorbidities coupled with the increased
mean age can explain the difference observed in the
studied groups. Moreover these are also important
risk factors for worse disease outcomes and hence
are significant confounders. Similar findings were
reported in a study by Peltzer et al, who observed
increased comorbidities and higher mean age in
hospitalized COVID19 patients with AF [18].
The differences observed in nationality is of in-

terest. Upon further examining the data, more than
80% of the non-Bahraini nationals were from Asian
countries and are expatriate workers. This popula-
tion is generally of a much younger age as they
represent majority of the working force in labor
jobs. Younger patients have lower prevalence of AF
[14]. In our sample, the non-Bahraini population
were the younger sample, and hence populated the
non-AF group given their lower risk for AF. This
could have led to the observed differences in na-
tionality. A study by Mallah et al which described
the demographics of 83,811 COVID19 cases in
Bahrain reported similar findings in regards to na-
tionality [19]. This findings has also been discussed
in another study published from Bahrain which
studied 63 thousand COVID19 cases [20]. It is also
plausible that the difference in nationality carries
different risk factors for the development of disease
and having a worse COVID19 outcomes. South
Asian were at a higher risk than white ethnicity for

Table 4. Primary outcome analysis.

Analysis Value P value

Number of events/number of participants at risk (%) in the total sample 99/492 (20.1%) -
Number of events/number of participants at risk (%) in the Atrial fibrillation group 20/30 (66.7%) -
Number of events/number of participants at risk (%) in the Non-Atrial fibrillation group 79/462 (17.1%) -
Crude analysis e Odds ratio (95% CI) 9.70 (95% CI: 4.37 e 21.51) P < 0.001
Multivariate analysis* e Odds ratio (95% CI) 3.96 (95% CI: 1.05 e 14.98) P ¼ 0.043

*Adjusted for: Age, DM, HTN, CAD, GFR, Nationality, CRP, DDimer

Table 3. Disease outcome.

Factor Non-Atrial
Fibrillation

Atrial
Fibrillation

p-value

N 462 30
Primary Outcome 79 (17.1%) 20 (66.7%) <0.001
Ventilation 62 (13.4%) 16 (53.3%) <0.001
Death 64 (13.9%) 17 (56.7%) <0.001
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COVID19 related death in a study conducted in the
USA [21].

Atrial fibrillation is associated with worse outcomes
in COVID 19

Atrial fibrillation has been shown to be an inde-
pendent risk factor of mortality in patients admitted
with septic shock. Furthermore, AF is an indepen-
dent mortality predictor for patients presenting with
myocardial infarction and heart failure [22,23].
Systemic inflammatory response as well as sepsis

are both entities which are associated with multi-
organ involvement. The onset of Atrial fibrillation in
these patients carries a worse prognosis [6]. This
was linked to the direct effect of septic mediators as
well as to their effect on the myocytes [24].
The presence of comorbidities (including dia-

betes, heart failure, coronary artery disease and
hypertension) are associated with poorer outcomes
in any patient with AF; also making these patients
more prone to thromboembolic events [25,26]..
The AF group had a significantly higher rise in

biochemical paramteres (CK, D-Dimer, CRP) as well
as higher percentage of inotrope use (44.8%
compared to 9.8%. P:0.001). These have been shown
to be markers severe inflammatory response in se-
vere COVID disease and probably new onset of AF
may also be the result of cytokine release syndrome
in severe COVID19 [18].
In our study newly detected Atrial fibrillation in

COVID 19 positive patients was associated with
worse clinical outcomes (death and/or ventilator
support), despite the higher baseline risk in the AF
group. There was an increase in mortality and the
requirement of invasive ventilation in the atrial
fibrillation group compared to patients in sinus
rhythm.The effect was significant after adjusting for
confounding factors, which included age, national-
ity, comorbidities and laboratory biomarkers. There
was 56.7% death in the AF group compared to 13.9%
in the non-AF group (P < 0.001) and mechanical
ventilation requirement in 53.3% in AF vs 13.4% in
control (p < 0.001). This indicates that the develop-
ment of new onset atrial fibrillation in COVID19
patients in the ICU negatively impacts the clinical
course of the diseases and carries worse outcomes.
These findings are reinforced by similar results

that were reported by Zaniar Ghazizadeh et al, who
reported that patients with COVID19 and with
Atrial fibrillation or flutter had significant lower
odds of ICU survival (OR 0.22; 0.08 to 0.59; p ¼ 0.002)
and increased risk of death (OR 2.47 [1.35-4.53],
p ¼ 0.004) [27]

Sans et al also reported a higher incidence of all
cause mortality in COVID19 patients with new onset
atrial fibrillation [28].
Peltzer et al studied the effect of atrial arrhythmias

in patients hospitalized with COVID-19 and
concluded that atrial arrhythmias are independently
associated with increased mortality [18].

AF in COVID 19 patient is not necessarily a result
of direct myocardial injury

It is unclear yet if the AF onset is a direct conse-
quence of COVID19 infection on the myocyte or as a
systemic response to the inflammatory process in
the body or both.
Some COVID19 patients may have substrate for

AF and the COVID19 infection acted as trigger for
precipitating AF while other studies have suggested
that SARS-CoV2 virus may directly involve cardiac
tissue inflammation through multiple mediators
modulating the activities of the atrial myocytes
[3,13,29e31]
In our study, the peak troponin level were not

signficantly different between cases who developed
AF and those who did not. Those who developed
atrial fibrillation had lower mean peak troponin
level (mean: 0.844; SE: 0.35 95%; CI: 0.13 to 1.56)
compared to the non-atrial fibrillation group (mean:
1.80; SE 0.53 95%; CI: 0.75 to 2.84).
This probably supports the theory that AF onset is

secondary to systemic illness rather a direct COVID
19 effect on myocyte. Also these findings are in
concordance with what Colon et al and Bhatla et al
have reported [5,32].

Treatment protocol for the Atrial fibrillation
COVID 19 patients

Most patients with AF were treated with a rate-
controlled strategy. Trans-esophageal echocardio-
grams and cardioversions were discouraged due to
exposure risk [33].
The patients admitted with pneumonia are at

increased risk of venous thromboembolism [34]. All
patients in the studywere anti-coagulatedwith either
low molecular weight heparin, heparin or novel oral
anticoagulant. The dosage used included full anti-
coagulation doses. This use stemmed from the guid-
ance by the British thoracic society which categorized
high risk patients to have an increased risk of venous
thromboembolism, as well as other studies and local
protocol which supported anticoagulation at that
time [35e39]. Early treatment with anticoagulation
has shown to speed up the recovery in severe
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COVID19, where as delay in the initiation may end
with bad prognostic response [40].
The use of anticoagulation across the health sys-

tem evolved rapidly during the study period. All
patient in this study receive standard COVID
treatment protocol and a form of anticoagulant as
shown in Table 2 [39].

Strengths

Restriction of the sample to a single center
allowed controlling for confounding caused by
treatment regimens, available services and center
differences. Moreover, the manual revision of the
electronic medical records ensured high quality
data collection. The use of regression models
allowed adequate control of measured con-
founding variables. The study was conducted on
a large sample of critically ill patients and
represent the only study in the region to study
such association.

Limitations

The study conducted was a retrospective obser-
vational study and most of the limitations stem from
the design of the conducted study. Some variables
were undocumented and hence not analyzed, leav-
ing room for potential bias, like obesity. The fact that
all cases were critically ill males, limits the gener-
alizability of the results observed.

Conclusion

New onset atrial fibrillation is a risk for worse
outcomes in patients admitted with severe
COVID19 in the ICU. New onset atrial fibrillation
in COVID19 increases risk of mechanical venti-
lation requirement and mortality. Further studies
are required to further understand this
association.
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Appendix. Multivariate logistics regression
model.

Primary
outcome

Coef. St.Err. t-value p-value [95%
Confidence
Interval]

Sig

AFib 3.964 2.689 2.03 0.042 1.048 14.983 **
Age 1.061 0.019 3.23 0.001 1.023 1.099 ***
Diabetes 2.627 1.189 2.13 0.033 1.081 6.380 **
Hypertension 1.049 0.515 0.10 0.922 0.401 2.745
Coronary artery

disease
1.115 0.636 0.19 0.849 0.364 3.413

Glomerular
filtration rate

0.913 0.014 �6.08 0.000 0.887 0.940 ***

Bahraini
Nationality

0.212 0.126 �2.60 0.009 0.066 0.682 ***

CRP 1.002 0.001 2.62 0.009 1.001 1.004 ***
Ddimer 1.223 0.041 6.08 0.000 1.146 1.305 ***
Constant 0.326 0.397 �0.92 0.357 0.030 3.542

Mean dependent var 0.197 SD dependent var 0.398
Pseudo r-squared 0.602 Number of obs 437.000
Chi-square 261.005 Prob > chi2 0.000
Akaike crit. (AIC) 192.437 Bayesian crit. (BIC) 233.236
Hosmer-Lemeshow

chi2
13.75 area under ROC curve 0.9586

Hosmer-Lemeshow
p value

0.089

***p < 0.01, **p < 0.05, *p < 0.1

References

[1] COVID-19 Map. Johns Hopkins Coronavirus Resource
Center. https://coronavirus.jhu.edu/map.html. [Accessed 7
February 2021].

[2] Ej W, Aj W, K B, et al. Factors associated with COVID-19-
related death using OpenSAFELY. Nature 2020;584(7821):
430e6. https://doi.org/10.1038/s41586-020-2521-4.

[3] Babapoor-Farrokhran S, Rasekhi RT, Gill D, Babapoor S,
Amanullah A. Arrhythmia in COVID-19. Published online
August 14 Sn Compr Clin Med 2020:1e6. https://doi.org/
10.1007/s42399-020-00454-2.

[4] Goyal P, Choi JJ, Pinheiro LC, et al. Clinical Characteristics of
Covid-19 in New York City. N Engl J Med 2020;382(24):
2372e4. https://doi.org/10.1056/NEJMc2010419.

166 JOURNAL OF THE SAUDI HEART ASSOCIATION 2021;33:160e168

O
R
IG

IN
A
L
A
R
T
IC

L
E

https://coronavirus.jhu.edu/map.html
https://doi.org/10.1038/s41586-020-2521-4
https://doi.org/10.1007/s42399-020-00454-2
https://doi.org/10.1007/s42399-020-00454-2
https://doi.org/10.1056/NEJMc2010419


[5] Colon CM, Barrios JG, Chiles JW, et al. Atrial Arrhythmias in
COVID-19 Patients. Jacc Clin Electrophysiol 2020;6(9):
1189e90. https://doi.org/10.1016/j.jacep.2020.05.015.

[6] Wells GL, Morris PE. Incidence and Prognosis of Atrial
Fibrillation in Patients With Sepsis. Cardiol Res 2011;2(6):
293e7. https://doi.org/10.4021/cr108w.

[7] Gawałko M, Kapłon-Cie�slicka A, Hohl M, Dobrev D, Linz D.
COVID-19 associated atrial fibrillation: Incidence, putative
mechanisms and potential clinical implications. Int J Cardiol
Heart Vasc 2020;30:100631. https://doi.org/10.1016/
j.ijcha.2020.100631.

[8] Louri NA, Alkhan JA, Isa HH, et al. Establishing a 130-Bed
Field Intensive Care Unit to Prepare for COVID-19 in 7 Days
in Bahrain Military Hospital. Published online August 12
Disaster Med Public Health Prep 2020:1e10. https://doi.org/
10.1017/dmp.2020.297.

[9] StataCorp. Stata Statistical Software: Release vol. 15. College
Station, TX: StataCorp LLC; 2017.

[10] Grippo F, Navarra S, Orsi C, et al. The Role of COVID-19 in
the Death of SARS-CoV-2-Positive Patients: A Study Based
on Death Certificates. J Clin Med 2020;9(11). https://doi.org/
10.3390/jcm9113459.

[11] Chugh SS, Havmoeller R, Narayanan K, et al. Worldwide
epidemiology of atrial fibrillation: a Global Burden of Dis-
ease 2010 Study. Circulation 2014;129(8):837e47. https://
doi.org/10.1161/CIRCULATIONAHA.113.005119.

[12] Colilla S, Crow A, Petkun W, Singer DE, Simon T, Liu X.
Estimates of current and future incidence and prevalence of
atrial fibrillation in the U.S. adult population. Am J Cardiol
2013;112(8):1142e7. https://doi.org/10.1016/
j.amjcard.2013.05.063.

[13] Russo V, Rago A, Carbone A, et al. Atrial Fibrillation in
COVID-19: From Epidemiological Association to Pharma-
cological Implications. J Cardiovasc Pharmacol 2020;76(2):
138e45. https://doi.org/10.1097/FJC.0000000000000854.

[14] Wasmer K, Eckardt L, Breithardt G. Predisposing factors for
atrial fibrillation in the elderly. J Geriatr Cardiol JGC 2017;
14(3):179e84. https://doi.org/10.11909/j.issn.1671-
5411.2017.03.010.

[15] Liu Y, Mao B, Liang S, et al. Association between age and
clinical characteristics and outcomes of COVID-19. Eur
Respir J 2020;55(5):2001112. https://doi.org/10.1183/
13993003.01112-2020.

[16] Wu Z, McGoogan JM. Characteristics of and Important
Lessons From the Coronavirus Disease 2019 (COVID-19)
Outbreak in China: Summary of a Report of 72 314 Cases
From the Chinese Center for Disease Control and Preven-
tion. JAMA 2020;323(13):1239e42. https://doi.org/10.1001/
jama.2020.2648.

[17] Benjamin EJ, Levy D, Vaziri SM, D'Agostino RB, Belanger AJ,
Wolf PA. Independent risk factors for atrial fibrillation in a
population-based cohort. The Framingham Heart Study.
JAMA 1994;271(11):840e4.

[18] Peltzer B, Manocha KK, Ying X, et al. Outcomes and mor-
tality associated with atrial arrhythmias among patients
hospitalized with COVID-19. J Cardiovasc Electrophysiol
2020;31(12):3077e85. https://doi.org/10.1111/jce.14770.

[19] Mallah SI, Abdulrahman A, Alawadhi AI, AlQahtani MM.
Clinical and Epidemiological Characteristics of COVID-19 in
a Multi-National Cohort in the Middle East. Published on-
line J Epidemiol Glob Health 2021. https://doi.org/10.2991/
jegh.k.210306.001.

[20] Abdulrahman A, Mallah S, AlAwadhi AI, Perna S, Janahi E,
AlQahtani M. Association between RT-PCR Ct Values and
COVID-19 New Daily Cases: A Multicenter Cross-Sectional
Study. Infectious Diseases (except HIV/AIDS) 2020. https://
doi.org/10.1101/2020.12.07.20245233.

[21] Williamson EJ, Walker AJ, Bhaskaran K, et al. Factors asso-
ciated with COVID-19-related death using OpenSAFELY.
Nature 2020;584(7821):430e6. https://doi.org/10.1038/s41586-
020-2521-4.

[22] Lau DH, Huynh LT, Chew DP, Astley CM, Soman A,
Sanders P. Prognostic impact of types of atrial fibrillation in

acute coronary syndromes. Am J Cardiol 2009;104(10):
1317e23. https://doi.org/10.1016/j.amjcard.2009.06.055.

[23] Mountantonakis SE, Grau-Sepulveda MV, Bhatt DL,
Hernandez AF, Peterson ED, Fonarow GC. Presence of atrial
fibrillation is independently associated with adverse out-
comes in patients hospitalized with heart failure: an analysis
of get with the guidelines-heart failure. Circ Heart Fail 2012;
5(2):191e201. https://doi.org/10.1161/
CIRCHEARTFAILURE.111.965681.

[24] Gandhi S, Litt D, Narula N. New-onset atrial fibrillation in
sepsis is associated with increased morbidity and mortality.
Neth Heart J 2015;23(2):82e8. https://doi.org/10.1007/s12471-
014-0641-x.

[25] Lip GYH, Nieuwlaat R, Pisters R, Lane DA, Crijns HJGM.
Refining clinical risk stratification for predicting stroke and
thromboembolism in atrial fibrillation using a novel risk
factor-based approach: the euro heart survey on atrial
fibrillation. Chest 2010;137(2):263e72. https://doi.org/
10.1378/chest.09-1584.

[26] Friberg L, Rosenqvist M, Lip GYH. Evaluation of risk strat-
ification schemes for ischaemic stroke and bleeding in 182
678 patients with atrial fibrillation: the Swedish Atrial
Fibrillation cohort study. Eur Heart J 2012;33(12):1500e10.
https://doi.org/10.1093/eurheartj/ehr488.

[27] Zaniar Ghazizadeh, Chad Gier, Singh Avinainder, et al.
Abstract 16705: Prevalence and Outcomes Among Hospital-
ized Patients With Covid-19 and Atrial Fibrillation or Flutter.
Circulation 2020;142(Suppl_3):A16705. https://doi.org/
10.1161/circ.142.suppl_3.16705.

[28] Pardo Sanz A, Salido Tahoces L, Ortega P�erez R, Gonz�alez
Ferrer E, Sanchez Recalde �A, Zamorano G�omez JL. New-
onset atrial fibrillation during COVID-19 infection predicts
poor prognosis. Cardiol J. Published online November 3,
2020. doi:10.5603/CJ.a2020.0145

[29] Sweeney M, Foldes G. It Takes Two: Endothelial-Peri-
vascular Cell Cross-Talk in Vascular Development and Dis-
ease. Front Cardiovasc Med 2018;5. https://doi.org/10.3389/
fcvm.2018.00154.

[30] Stark K, Eckart A, Haidari S, et al. Capillary and arteriolar
pericytes attract innate leukocytes exiting through venules
and “instruct” them with pattern-recognition and motility
programs. Nat Immunol 2013;14(1):41e51. https://doi.org/
10.1038/ni.2477.

[31] Kennedy-Lydon T. Immune Functions and Properties of
Resident Cells in the Heart and Cardiovascular System:
Pericytes. Adv Exp Med Biol 2017;1003:93e103. https://
doi.org/10.1007/978-3-319-57613-8_5.

[32] Bhatla A, Mayer MM, Adusumalli S, et al. COVID-19 and
cardiac arrhythmias. Heart Rhythm 2020;17(9):1439e44.
https://doi.org/10.1016/j.hrthm.2020.06.016.

[33] Ghazal S, Qaddoura F, Kinsara AK, et al. Saudi Arabian
Society Of Echocardiography Recommendations For Echo-
cardiography Service During Corona Virus Disease 2019
(COVID-19) Outbreak. J Saudi Heart Assoc 2020;32(5):1e5.
https://doi.org/10.37616/2212-5043.1038.

[34] Rogers MAM, Levine DA, Blumberg N, Flanders SA,
Chopra V, Langa KM. Triggers of hospitalization for venous
thromboembolism. Circulation 2012;125(17):2092e9. https://
doi.org/10.1161/CIRCULATIONAHA.111.084467.

[35] Tang N, Bai H, Chen X, Gong J, Li D, Sun Z. Anticoagulant
treatment is associated with decreased mortality in severe
coronavirus disease 2019 patients with coagulopathy.
J Thromb Haemost JTH 2020;18(5):1094e9. https://doi.org/
10.1111/jth.14817.

[36] Paranjpe I, Fuster V, Lala A, et al. Association of Treat-
ment Dose Anticoagulation With In-Hospital Survival
Among Hospitalized Patients With COVID-19. J Am Coll
Cardiol 2020;76(1):122e4. https://doi.org/10.1016/
j.jacc.2020.05.001.

[37] COVID-19: information for the respiratory community
British Thoracic Society Better lung health for all. https://
www.brit-thoracic.org.uk/covid-19/covid-19-information-
for-the-respiratory-community/. [Accessed 7 February 2021].

JOURNAL OF THE SAUDI HEART ASSOCIATION 2021;33:160e168 167

O
R
IG

IN
A
L
A
R
T
IC

L
E

https://doi.org/10.1016/j.jacep.2020.05.015
https://doi.org/10.4021/cr108w
https://doi.org/10.1016/j.ijcha.2020.100631
https://doi.org/10.1016/j.ijcha.2020.100631
https://doi.org/10.1017/dmp.2020.297
https://doi.org/10.1017/dmp.2020.297
https://doi.org/10.3390/jcm9113459
https://doi.org/10.3390/jcm9113459
https://doi.org/10.1161/CIRCULATIONAHA.113.005119
https://doi.org/10.1161/CIRCULATIONAHA.113.005119
https://doi.org/10.1016/j.amjcard.2013.05.063
https://doi.org/10.1016/j.amjcard.2013.05.063
https://doi.org/10.1097/FJC.0000000000000854
https://doi.org/10.11909/j.issn.1671-5411.2017.03.010
https://doi.org/10.11909/j.issn.1671-5411.2017.03.010
https://doi.org/10.1183/13993003.01112-2020
https://doi.org/10.1183/13993003.01112-2020
https://doi.org/10.1001/jama.2020.2648
https://doi.org/10.1001/jama.2020.2648
https://doi.org/10.1111/jce.14770
https://doi.org/10.2991/jegh.k.210306.001
https://doi.org/10.2991/jegh.k.210306.001
https://doi.org/10.1101/2020.12.07.20245233
https://doi.org/10.1101/2020.12.07.20245233
https://doi.org/10.1038/s41586-020-2521-4
https://doi.org/10.1038/s41586-020-2521-4
https://doi.org/10.1016/j.amjcard.2009.06.055
https://doi.org/10.1161/CIRCHEARTFAILURE.111.965681
https://doi.org/10.1161/CIRCHEARTFAILURE.111.965681
https://doi.org/10.1007/s12471-014-0641-x
https://doi.org/10.1007/s12471-014-0641-x
https://doi.org/10.1378/chest.09-1584
https://doi.org/10.1378/chest.09-1584
https://doi.org/10.1093/eurheartj/ehr488
https://doi.org/10.1161/circ.142.suppl_3.16705
https://doi.org/10.1161/circ.142.suppl_3.16705
https://doi.org/10.3389/fcvm.2018.00154
https://doi.org/10.3389/fcvm.2018.00154
https://doi.org/10.1038/ni.2477
https://doi.org/10.1038/ni.2477
https://doi.org/10.1007/978-3-319-57613-8_5
https://doi.org/10.1007/978-3-319-57613-8_5
https://doi.org/10.1016/j.hrthm.2020.06.016
https://doi.org/10.37616/2212-5043.1038
https://doi.org/10.1161/CIRCULATIONAHA.111.084467
https://doi.org/10.1161/CIRCULATIONAHA.111.084467
https://doi.org/10.1111/jth.14817
https://doi.org/10.1111/jth.14817
https://doi.org/10.1016/j.jacc.2020.05.001
https://doi.org/10.1016/j.jacc.2020.05.001
https://www.brit-thoracic.org.uk/covid-19/covid-19-information-for-the-respiratory-community/
https://www.brit-thoracic.org.uk/covid-19/covid-19-information-for-the-respiratory-community/
https://www.brit-thoracic.org.uk/covid-19/covid-19-information-for-the-respiratory-community/


[38] The official website for the latest health developments,
Kingdom of Bahrain. Accessed February 7, 2021. Coronavi-
rus, COVID-19, Bahrain Coronavirus, TeamBahrain

[39] NHRA_News_MOH ALERT_Bahrain COVID-19 National
Protocols_20200701.pdf. https://www.nhra.bh/Media/
Announcement/MediaHandler/GenericHandler/
documents/Announcements/NHRA_News_MOH%

20ALERT_Bahrain%20COVID-19%20National%20Protocols_
20200701.pdf. [Accessed 7 February 2021].

[40] Bikdeli B, Madhavan MV, Jimenez D, et al. COVID-19 and
Thrombotic or Thromboembolic Disease: Implications for
Prevention, Antithrombotic Therapy, and Follow-Up: JACC
State-of-the-Art Review. J Am Coll Cardiol 2020;75(23):
2950e73. https://doi.org/10.1016/j.jacc.2020.04.031.

168 JOURNAL OF THE SAUDI HEART ASSOCIATION 2021;33:160e168

O
R
IG

IN
A
L
A
R
T
IC

L
E

https://www.nhra.bh/Media/Announcement/MediaHandler/GenericHandler/documents/Announcements/NHRA_News_MOH%20ALERT_Bahrain%20COVID-19%20National%20Protocols_20200701.pdf
https://www.nhra.bh/Media/Announcement/MediaHandler/GenericHandler/documents/Announcements/NHRA_News_MOH%20ALERT_Bahrain%20COVID-19%20National%20Protocols_20200701.pdf
https://www.nhra.bh/Media/Announcement/MediaHandler/GenericHandler/documents/Announcements/NHRA_News_MOH%20ALERT_Bahrain%20COVID-19%20National%20Protocols_20200701.pdf
https://www.nhra.bh/Media/Announcement/MediaHandler/GenericHandler/documents/Announcements/NHRA_News_MOH%20ALERT_Bahrain%20COVID-19%20National%20Protocols_20200701.pdf
https://www.nhra.bh/Media/Announcement/MediaHandler/GenericHandler/documents/Announcements/NHRA_News_MOH%20ALERT_Bahrain%20COVID-19%20National%20Protocols_20200701.pdf
https://doi.org/10.1016/j.jacc.2020.04.031

	Is atrial fibrillation a risk factor for worse outcomes in severe COVID-19 patients: a single center retrospective cohort
	Recommended Citation

	Is Atrial Fibrillation a Risk Factor for Worse Outcomes in Severe COVID-19 Patients: A Single Center Retrospective Cohort
	Introduction
	Objectives

	Methods
	Study design and setting
	Outcomes
	Data sources and variables assessed
	Diagnosis
	COVID-19

	Exposure assessment
	Atrial fibrillation

	Statistical analysis
	Ethical approval

	Results
	Disease outcomes

	Discussion
	Atrial fibrillation is associated with worse outcomes in COVID 19
	AF in COVID 19 patient is not necessarily a result of direct myocardial injury
	Treatment protocol for the Atrial fibrillation COVID 19 patients

	Strengths
	Limitations
	Conclusion
	Author contributions
	Conflict of interest
	Ethics approval
	Funding
	Acknowledgements
	Appendix Multivariate logistics regression model.
	References


