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Background
The coronavirus disease (COVID-19), caused by severe acute 

respiratory syndrome coronavirus-2 (SARS-CoV-2), has major 
implications for the cardiovascular (CV) system, and patients with 
previous CV disease are at higher risk of worse outcomes1.

Atrial fibrillation (AF) is the most common sustained arrhythmia 
worldwide and is also the most common arrhythmia among 
COVID-19 patients, being associated with substantial morbidity 
and mortality 1,2. Critically ill patients admitted to the intensive 
care unit (ICU) often develop new-onset AF, with an incidence of 
approximately 6-12% 3–7. Several studies found an association between 
new-onset AF and poor outcomes in critically ill non-COVID-19 
patients 3–7 and hospitalized non-critically ill COVID-19 patients 
8,9. However, the prognostic impact of new-onset AF in COVID-19 
patients admitted to the intensive care unit (ICU)is still unclear. 
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Abstract
Background: The association between new-onset atrial fibrillation (AF) and prognosis in critically ill non-COVID-19 patients has been 

studied, but few studies reflect the reality of critically ill COVID-19 patients admitted to the general intensive care unit (ICU). This study sought 
to investigate the relationship between new-onset AF in critically ill COVID-19 patients and cardiovascular outcomes. 

Methods: We retrospectively analyzed patients consecutively admitted to the ICU with COVID-19 between March, 2020, and January, 
2022, in a tertiary center. Two groups were identified, with new-onset AF and without new-onset AF. The primary outcome was in-hospital 
major adverse cardiovascular events (MACE). Logistic regression analyses were performed to evaluate the relationship between new-onset 
AF and the study outcomes.

Results: A total of 278 adult patients were included in the study and followed for the outcomes of interest for a median period of 7 months. 
The incidence of new-onset AF during hospitalization was 12.2%. Patients with new-onset AF presented more often with in-hospital MACE 
(67.6% vs. 29.1%, p <0.001), ICU mortality (58.5% vs. 25.8%, p<0.001), new-onset heart failure (38.2% vs. 2.5%, p<0.001), myocardial 
infarction (11.8% vs. 0.4%, p = 0.001), and global mortality (58.5% vs. 27.9%, p <0.001), compared to patients without new-onset AF. 
They also presented a longer ICU length of stay [median 18.5 (IQR 15) vs. 12 (IQR 10) days, p = 0.001], and longer duration of mechanical 
ventilation [median 17 (IQR 13) vs. 12 (IQR 11), p <0.001]. Re-hospitalization rates were similar among groups. In multivariate logistic 
regression, new-onset AF was identified as an independent predictor of in-hospital MACE [adjusted OR 3.319, 95% confidence interval (CI) 
1.389-7.928, p = 0.007], and ICU mortality (adjusted OR 2.653, 95% CI 1.146-6.142, p = 0.023).

Conclusions: New-onset AF is a common complication among critically ill COVID-19 patients. After adjusting for significant confounders, 
new-onset AF in critically ill COVID-19 patients was found to be associated with an increased risk of MACE, mortality, and worse clinical 
course, compared to patients who did not develop new-onset AF.
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Furthermore, management of new-onset AF in these patients has 
been largely unexplored and evidence-based recommendations are 
lacking.

In the present study, we sought to identify the association between 
new-onset AF and outcomes in critically ill COVID-19 patients 
admitted to the ICU. 

Methods
Study population 

This is a retrospective cohort study of consecutive adult patients 
who were admitted with confirmed COVID-19 to a general ICU 
in a single tertiary center (Coimbra Hospital University Centre, in 
Portugal), between March 1, 2020, and January 31, 2022.

Inclusion criteria were age ≥18 years old and diagnosis of 
COVID-19 confirmed by Polymerase Chain Reaction (PCR). 
Exclusion criteria were patients admitted for non-medical reasons, 
such a surgent or electivesurgery (n = 13), and patients who died 
in the first 48 hours after admission (n = 19) to allow time for the 
development of new-onset AF (Figure 1).

Two groups were established: the new-onset AF group, formed by 
consecutive patients who developed new-onset AF during the ICU 
stay; and the control group, formed by patients who remained in 
sinus rhythm or had previous known AF. New-onset AF was defined 
by the occurrence of AF at ECG (electrocardiogram) or telemetry 
during the ICU stay and not present at admission. The diagnosis of 
AF was established according to the European Society of Cardiology 
(ESC) guidelines 2.

When applicable, patient care strictly followed national and 
international AF management guidelines, and best clinical practices 
were independently applied. Follow-up was performed until April 1, 
2022, with no patients lost for follow-up.

This retrospective observational study was performed by following 
the STROBE reporting checklist.

Data collection
Baseline demographics, medical history, in-hospital clinical course, 

laboratory analysis in the first 48 hours, inpatient medications, in-
hospital outcomes, and follow-up outcomes were obtained. In the 
cases where patients presented more than one measurement of 
biomarkers in the first 48 hours after hospital admission, the highest 
value was considered. Data were obtained through electronic health 
record review of summaries or progress notes according to the doctor 
in charge of the patient. All available ECGs were independently 
reviewed by a cardiologist.

The study was approved by the local hospital ethics committee 
(OBS.SF.183-2021). Informed consent was waived by the Coimbra 
Hospital and University Center Ethics Committee.

Figure 1: Flowchart of the study population.

Legend: AF atrial fibrillation; COVID-19, coronavirus disease; ICU intensive care unit. Supplementary 
File 1 :

Univariate logistic regression for in-hospital MACE, other 
than new-onset AF

Variable OR (95% CI) P-value

Demographics

   Age (years) 1.073 (1.046-1.101) <0.001

   Male sex 1.355 (0.790-2.325) 0.269

Comorbidities

Hypertension 3.244 (1.814-5.800) <0.001

Hyperlipidemia 1.664 (0.993-2.786) 0.053

   Diabetes 1.508 (0.864-2.632) 0.148

   Smoking 1.496 (0.791-2.829) 0.215

Coronaryarterydisease 3.932 (1.406-10.994) 0.009

   PCI and/or CABG 4.262 (1.412-12.860) 0.010

Heartfailure 3.989 (1.689-9.418) 0.002

   Prior AF 1.092 (0.355-3.357) 0.887

Stroke 7.322 (1.490-35.980) 0.014

   CKD 3.351 (1.254-8.954) 0.016

   COPD 1.124 (0.321-3.940) 0.855

   OSA 0.879 (0.383-2.014) 0.760

Baseline scores

   SOFA 1.258 (1.141-1.388) <0.001

   APACHE II 1.124 (1.071-1.180) <0.001

   SAPS II 1.059 (1.033-1.085) <0.001

Biomarkers (first 48 hours)

   NT-proBNP in pg/mL 1.001 (1.000-1.002) 0.003

   Troponin in ng/L 1.008 (1.002-1.015) 0.013

   Elevated troponin1 7.180 (2.644-19.501) <0.001

   D-dimer in ng/mL 1.000 (1.000-1.000) 0.231

Values in boldface indicate a p-value ≤0.05. 1Elevated troponin value was defined as above the 99% 
percentile of normal values in the hospital.
Legend: AF, atrial fibrillation; APACHE, acute physiology and chronic health evaluation; CABG 
coronary artery bypass graft; CKD, chronic kidney disease; COPD, chronic obstructive pulmonary 
disease; ECMO, extracorporeal membrane oxygenation; IQR, interquartile range; IMV invasive 
mechanical ventilation; NT-proBNP, N-terminal-pro brain natriuretic peptide; OSA, obstructive sleep 
apnea; PCI, percutaneous coronary intervention; SAPS, simplified acute physiology score; SOFA, 
sequential organ failure assessment.
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Study outcomes
The primary outcome was in-hospital major adverse cardiovascular 

events (MACE). MACE was defined as ICU all-cause mortality, 
new-onset heart failure (HF) [defined as acute HF in a patient 
without a medical history of HF, transthoracic echocardiography 
with left ventricle ejection fraction <50%, HF symptoms and 
elevated NT-pro BNP (N-terminal-pro brain natriuretic peptide)], 
myocardial infarction (MI), stroke (ischaemic or haemorrhagic), and 
major arrhythmia (defined as ventricular tachycardia and ventricular 
fibrillation).

Secondary outcomes were ICU all-cause mortality, new-onset HF, 
global mortality (including ICU and follow-up mortality among 
ICU survivors), re-hospitalization, ICU length of stay (LOS), and 
duration of invasive mechanical ventilation (IMV).

Statistical analysis
Categorical variables were presented as numbers(n) and 

percentages(%). Continuous variables were presented as means ± 
standard deviations (SD) or median (interquartile range) (IQR), if 
skewed. 

Participants were stratified based on the presence of new-onset AF. 
Between-group differences were evaluated by chi-square and Fisher’s 
exact tests for categorical variables, and Mann–Whitney U test for 
continuous variables.

The study’s main objective was to assess the effect of new-onset AF 
on in-hospital MACE using logistic regression. Univariate logistic 
regression analysis was performed to identify the baseline clinical 
characteristics that were significantly associated with an increased 
risk of MACE (Supplementary File 1). The variables selected for 
the final model had to be clinically significant and associated with 
an increased risk of MACE at univariate analysis (p-value ≤0.05). 
Parameters presenting more than 5% of missing data (troponin, NT-
pro BNP, D-dimer) were not included in the multivariate analysis. 

Figure 2: Main clinical outcomes stratified by new-onset AF. 
Numbers are a percentage (%).

Legend: AF, atrial fibrillation; HF, heart failure; ICU, intensive care unit; MACE, major adverse 
cardiovascular events.

Table 1: Baseline clinical characteristics, laboratory data, and in-hospital 
management of the study population stratified by new-onset AF.

Variable All patients 
(n=278)

New-onset 
AF (n=34, 

12.2%)

No new-onset 
AF (n=244, 

87.8%)

P-value

Demographics

   Age (years), median (IQR) 62.0 (17) 67.0 (15) 60.0 (17) 0.016

   Male sex 186 (66.9) 24 (70.6) 162 (66.4) 0.626

Comorbidities

Hypertension 176 (63.3) 25 (73.5) 151 (61.9) 0.187

Hyperlipidemia 161 (57.9) 18 (52.9) 143 (58.6) 0.531

   Diabetes 71 (25.4) 6 (17.6) 65 (26.6) 0.260

   Smoking 48 (17.3) 5 (14.7) 43 (17.7) 0.666

Coronaryarterydisease 17 (6.1) 4 (11.8) 13 (5.3) 0.139

   PCI and/or CABG 15 (5.4) 3 (8.8) 12 (4.9) 0.407

Heartfailure 25 (9.0) 6 (17.6) 19 (7.8) 0.100

   Prior AF 14 (5.0) 0 (0.0) 14 (5.7) 0.230

Stroke 9 (3.2) 2 (5.9) 7 (2.9) 0.303

   CKD 18 (6.5) 3 (8.8) 15 (6.1) 0.470

   COPD 11 (4.0) 0 (0.0) 11 (4.5) 0.370

   OSA 29 (10.5) 3 (9.1) 26 (10.7) 1.000

Scores at admission, median (IQR)

   SOFA 6 (5) 7.5 (4) 6 (5) 0.006

   APACHE II 14 (7) 17 (9) 14 (7) <0.001

   SAPS II 35 (14) 40.5 (18) 35 (14) 0.007

Biomarkers (first 48 hours)

   NT-proBNP (pg/mL), median (IQR) 225 (761) 332 (3521) 221.5 (421) 0.464

   Troponin (ng/L), median (IQR) 16 (39) 17 (415) 15 (28) 0.002

   Elevated troponin1 24 (20.9) 7 (41.2) 17 (17.3) 0.047

   D-dimer (ng/mL)), median (IQR) 540 (1801) 572 (2712) 533 (1830) 0.019

General treatment

   Any vasopressor/inotrope 215 (77.3) 25 (92.6) 184 (75.4) 0.040

   Norepinephrine 214 (77.0) 31 (91.2) 183 (75.0) 0.036

   Dopamine 13 (4.7) 1 (2.9) 12 (4.9) 1.000

   Dobutamine 6 (2.2) 5 (14.7) 1 (0.4) <0.001

   IMV 226 (81.3) 32 (94.1) 194 (79.5) 0.041

   Antibiotics 218 (78.4) 32 (94.1) 186 (76.2) 0.018

   Days of antibiotic, median (IQR) 9 (9) 13 (9) 8 (9) 0.011

   Dexamethasone 235 (84.5) 26 (76.5) 209 (85.7) 0.165

   Remdesivir 41 (14.7) 4 (11.8) 37 (15.2) 0.594

   ECMO 28 (10.1) 7 (20.6) 21 (8.6) 0.060

CHA2DS2VASc score, median (IQR) - 2 (3) - -

Treatment of new-onset AF

   Electric cardioversion - 5 (14.7) - -

   Beta-blockers - 13 (38.2) - -

   Calcium channel blockers - 3 (8.8) - -

   Amiodarone - 28 (82.4) - -

   Digoxin - 0 - -

   Anticoagulation - 20 (58.8) - -

Values are n (%) unless otherwise stated. Values in boldface indicate a p-value ≤0.05. 1Elevated 
troponin value was defined as above the 99% percentile of normal values in the hospital.
Legend: AF, atrial fibrillation; APACHE, acute physiology and chronic health evaluation; CABG 
coronary artery bypass graft; CKD, chronic kidney disease; COPD, chronic obstructive pulmonary 
disease; ECMO, extracorporeal membrane oxygenation; IQR, interquartile range; IMV invasive 
mechanical ventilation; NT-proBNP, N-terminal-pro brain natriuretic peptide; OSA, obstructive sleep 
apnea; PCI, percutaneous coronary intervention; SAPS, simplified acute physiology score; SOFA, 
sequential organ failure assessment.
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higher NT-pro BNP levels [332 (IQR 3521) vs. 221.5 (421)pg/mL, 
p = 0.464). Additionally, a significantly higher proportion of the 
new-onset AF group presented an elevated tropon in at admission 
(41.2%), compared to only 17.3% of patients without new-onset AF 
(p = 0.047).

Regarding management, patients with new-onset AF required more 
often treatment with vasopressors and/or inotropes (92.6% vs. 75.4%, 
p = 0.040), IMV (94.1% vs. 79.5%, p = 0.041), and antibiotics (94.1% 
vs. 76.2%, p = 0.018). Despite not reaching statistical significance, 
a higher proportion of patients with new-onset AF required 
extracorporeal membrane oxygenation (ECMO) (20.6% vs. 8.6%, p 
= 0.060).Patients with new-onset AF had a median CHA2DS2VASc 
score of 2 (IQR 3). According to the CHA2DS2VASc score, stroke 
prevention was indicated in 85.3% of the patients with new-onset 
AF but only 58.8% of these eligible patients received anticoagulation 
during their ICU stay. All anticoagulated patients received enoxaparin. 
Although the group of patients with new-onset AF was small, 
anticoagulation therapy did not appear to be associated with better 
outcomes, such as MACE (OR 2.25, 95% CI 0.52-9.73), p = 0.278) 
or ICU mortality (OR 1.13, 95% CI 0.28-4.50, p = 0.868). Among 
new-onset AF patients alive at discharge, only 50.0% received oral 
anticoagulation.

Outcomes
Table 2 and Figure 2 show the unadjusted outcomes among groups. 

MACE occurred in 94 patients (33.8%). Eighty-three patients 
(29.9%) died in the ICU, 88 patients (31.7%) died in the hospital 
and/or during follow-up, and only 15 patients (5.4%) required re-

Multivariate logistic regression was performed to evaluate the 
association between new-onset AF and the outcomes of interest. The 
model was constructed to adjust for sex, age, hypertension, coronary 
artery disease, HF, stroke, and a prognostic score such as acute 
physiology and chronic health evaluation (APACHE) II score. The 
risk of developing the outcomes of interest is expressed as crude and 
adjusted odds ratio (OR) with a 95% confidence interval (CI). 

Survival analysis, embodied by the Kaplan–Meier method, was 
applied to represent time-dependent occurrences of both MACE 
and ICU mortality, stratified by the presence of new-onset AF with 
the log-rank test used for between-group appraisal. Patients who 
suffered in-hospital death (n=83) were censored at the time of the 
last contact and were not included in the follow-up comparisons.

A two-sided P-value of ≤0.05 was considered statistically 
significant. All calculations were performed using the SPSS statistical 
package version 25.0 (SPSS Inc., Chicago, IL, USA).

Results 

Baseline characteristics
A total of 278 patients were included in the study and followed 

for the outcomes of interest for a median period of 7 months. Two 
groups of patients were identified: without new-onset AF (n = 244), 
and with new-onset AF (n = 34). The incidence of new-onset AF 
during hospitalization was 12.2%.

Table 1 presents the baseline characteristics, laboratory analysis, 
and management of the two groups. Overall, the median age was 62.0 
years [interquartile range (IQR) 17] and only 92 (33.1%) patients 
were women. Patients with new-onset AF were older [67 (IQR 
15) vs. 60 (IQR 17) years, p = 0.016], with no differences regarding 
sex distribution. Comorbidities were common and similar between 
groups. Patients with new-onset AF presented higher prognostic 
score values at admission to the ICU. As for biomarkers in the first 
48 hours after hospital admission, patients with new-onset AF 
presented significantly higher high-sensitive tropon in I [17 (IQR 
415) vs. 15 (IQR 28) ng/L, p = 0.002) and D-dimer levels [572 (IQR 
2712) vs. 533 (IQR 421) ng/mL, p = 0.019), but only numerically 

Figure 3:

Kaplan Meier survival curves for MACE and ICU mortality 
stratified by new-onset AF. Survival estimates based on 
the days since hospital admission stratified by new-onset 
AF.

Legend: AF, atrial fibrillation; ICU, intensive care unit; MACE, major adverse cardiovascular events.

Table 2: Unadjusted clinical outcomes of the study population. 

Variable
All patients 
(n=278)

New-onset 
AF (n=34, 
12.2%)

No new-onset 
AF (n=244, 
87.8%)

P-value

MACE1 94 (33.8) 23 (67.6) 71 (29.1) <0.001

ICU mortality (all-cause) 83 (29.9) 20 (58.8) 63 (25.8) <0.001

New-onset HF 19 (6.8) 13 (38.2) 6 (2.5) <0.001

MI 5 (1.8) 4 (11.8) 1 (0.4) 0.001

Ventricular arrhythmias 5 (1.8) 2 (5.9) 3 (1.2) 0.115

PE 12 (4.9) 0 (0) 12 (4.9) 0.372

Myocarditis 3 (1.1) 2 (5.9) 1 (0.4) 0.040

Stroke 3 (1.1) 1 (2.9) 2 (0.8) 0.319

Global mortality2 88 (31.7) 20 (58.8) 68 (27.9) <0.001

Re-hospitalization 15 (5.4) 2 (5.9) 13 (5.3) 1.000

ICU LOS (days), median 
(IQR)

13 (12) 18.5 (15) 12 (10) 0.001

Hospital LOS (days) median 
(IQR)

20 (17) 25.5 (24) 20 (16) 0.060

Duration of IMV (days), 
median (IQR)

12.5 (12) 17 (13) 12 (11) <0.001

Values are n (%) unless otherwise indicated. Values in boldface indicate a p-value ≤0.05. 
1MACE include all-cause ICU mortality, new-onset heart failure, myocardial infarction, ventricular 
arrhythmias, pulmonary embolism, myocarditis, and stroke. 2Global mortality includes in-hospital 
and follow-up mortality rates. 
AF, atrial fibrillation; HF, heart failure; ICU, intensive care unit; IMV, invasive mechanical ventilation; 
IQR, interquartile range; LOS, length of stay; MACE, major adverse cardiovascular events; MI, 
myocardial infarction; PE, pulmonary embolism.
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95% CI 1.389-7.928, p=0.007). MACE occurred in 67.6% of the 
patients with new-onset AF vs. 29.1% of those without new-onset 
AF. Among new-onset AF patients, all-cause ICU mortality was the 
most common adverse event (58.8%), followed by new-onset HF 
(38.2%). Thus, new-onset AF in critically ill COVID-19 patients 
is not a trivial phenomenon and appears to be associated with an 
increased risk of MACE, ICU mortality, global mortality, and worse 
clinical course compared to the patients who remained in sinus 
rhythm or those with prior AF. Understating the incidence of new-
onset AF in critically ill COVID-19 patients and its association 
with outcomes is clinically important to better characterize the 
cardiovascular spectrum of COVID-19 and establish whether AF 
therapies should be explored in future trials to improve outcomes in 
this population.

The proportion of critically ill COVID-19 patients who developed 
new-onset AF was 12.2%. Previous studies on critically ill non-
COVID-19 have found a prevalence of 6-12%3–7, which is in line 
with our findings. In our analysis, the incidence of new-onset AF 
was associated with older age, established cardiovascular disease 
(especially history of HF), higher cardiac biomarkers (NT-proBNP 
and troponin), and sicker patients (presenting with higher prognostic 
scores at admission). In this regard, new-onset AF may be a marker 
of a more severe illness before its onset, particularly in patients with 
a higher cardiac disease burden. Pathophysiological mechanisms 
responsible for new-onset AF in the critically ill setting may 
include inflammation, atrial oxidative stress, high sympathetic tone, 
electrolyte changes, and volume overload, possibly interacting with a 
pre-existing substrate2,10.

Several studies have found an association between new-onset AF 
and poor outcomes in critically ill non-COVID-19 patients3–7, and 
in non-critically ill hospitalized COVID-19 patients8,9. Our data 
confirm the prognostic role of new-onset AF in the understudied 
population of critically ill COVID-19 patients: compared to patients 
without new-onset AF (which includes patients with prior AF), 
these patients presented higher in-hospital MACE, ICU mortality, 
new-onset HF, MI, myocarditis, and global mortality; patients with 
new-onset AF also had a longer duration of ICU hospitalization and 
required intubation for a longer period. Because new-onset AF was 
found to be associated with sicker patients, it is difficult to identify a 
causal role of AF in affecting patient prognosis. Whether new-onset 
AF is a marker of associated comorbidities, COVID-19 severity, a 
direct effect of AF, or a combination of these factors remains to be 
determined. 

Besides new-onset AF, in our cohort, older age, a history of 
established cardiovascular disease (coronary artery disease, prior 
PCI and/or CABG, HF, and stroke), higher cardiac biomarkers 
at admission, and need for vasopressors and inotropes, were all 
associated with poorer outcomes. Several studies have found that 
hospitalized COVID-19 with a history of cardiovascular disease are 
at increased risk of MACE and in-hospital death compared with 
those without a history of CVD11,12. In our cohort, prior history of 
AF was not associated with an increased risk of MACE (OR 1.092, 
95% CI 0.355-3.357, p = 0.887), but previous studies have found 
an association between prior AF in critically ill patients and poor 

hospitalization. The median LOS in the ICU was 13 days (IQR 12), 
the median length of hospital stay was 20 days (IQR 17), and the 
median length of IMV was 12.5 days (IQR 12).

COVID-19 patients with new-onset AF experienced a higher risk 
of the primary outcome, in-hospital MACE. Among the 34 patients 
with new-onset AF, 23 (67.6%) developed MACE, compared with 
71 (29.1%) patients without new-onset AF (OR 5.10, 95% CI 2.36-
11.00, p <0.001). In addition, considering separately, ICU mortality 
(58.8% vs. 25.8%, p <0.001),new-onset HF (38.2% vs. 2.5%, p 
<0.001), MI (11.8% vs. 0.4%, p = 0.001), and myocarditis (5.9% vs. 
0.4%, p = 0.040), were more often seen in patients who presented 
new-onset AF. Patients with new-onset AF also had a longer LOS 
in the ICU[18.5 (IQR 15) vs. 12 (IQR 10) days, p = 0.001] and a 
longer duration of IMV[17 (IQR 13) vs. 12 (IQR 11) days, p <0.001] 
compared to patients without new-onset AF. Re-hospitalization 
rates and mortality during follow-up were similar among groups. Of 
note, prior history of AF was not associated with an increased risk 
of MACE (OR 1.09, 95% CI 0.36-3.36, p = 0.887) (Supplementary 
File 1).

After adjusting for significant confounders, new-onset AF 
remained an independent predictor of MACE (adjusted OR 3.48, 
95% CI 1.49-8.14, p = 0.004) (Table 3), ICU mortality (adjusted OR 
2.65, 95% CI 1.15-6.14, p = 0.023), and new-onset HF (adjusted OR 
25.12, 95% CI 7.61-82.92, p <0.001) (Table 4).Older age (adjusted 
OR 1.05, 95% CI 1.02-1.08, p <0.001)and APACHE II score 
(adjusted OR 1.09, 95% CI 1.04-1.15, p = 0.001) also independently 
predicted MACE.Figure 3 shows the Kaplan-Meier curves and log-
rank tests for MACE and ICU mortality.

Discussion 
The present study shows that new-onset AF is a common event 

in critically ill COVID-19 patients admitted to the ICU (12.2% 
of patients) and was found to be associated with an increased risk 
of the primary outcome, in-hospital MACE (adjusted OR 3.319, 

Table 3:  Univariate and multivariable logistic regression model for in-
hospital MACE.

Variable
Univariable Multivariable*

Crude OR (95% CI) P-value Adjusted OR (95% CI) P-value

New-onset AF 5.10 (2.36-11.00) <0.001 3.48 (1.49-8.14) 0.004

Age 1.07 (1.05-1.10) <0.001 1.05 (1.02-1.08) <0.001

Male sex 1.36 (0.79-2.33) 0.269 1.278 (0.68-2.42) 0.451

Hypertension 3.24 (1.81-5.80) <0.001 1.82 (0.94-3.53) 0.077

Coronaryarterydisease 3.93 (1.41-10.99) 0.009 0.93 (0.23-3.69) 0.915

HF 3.99 (1.69-9.42) 0.002 2.20 (0.65-7.45) 0.207

Stroke 7.32 (1.49-35.98) 0.014 3.08 (0.56-17.02) 0.196

APACHE II 1.12 (1.07-1.18) <0.001 1.09 (1.04-1.15) 0.001

*Adjusted for sex, age, hypertension, coronary artery disease, heart failure, stroke, and APACHE 
II score. MACE includes all-cause ICU mortality, new-onset heart failure, myocardial infarction, 
ventricular arrhythmias, pulmonary embolism, myocarditis, and stroke.
Legend: AF, atrial fibrillation; APACHE, acute physiology and chronic health evaluation; CI, 
confidence interval; HF, heart failure; MACE, major adverse cardiovascular events; OR, odds ratio.
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Forth, outcome analysis may be objectionable due to the application 
of survival analysis in the setting of a retrospective study. Despite 
careful identification and selection of covariates associated with AF, 
there may be residual confounding factors that were not included in 
the multivariate analysis that may interfere with the study results. In 
addition, mortality that was specifically attributed to cardiovascular 
causes could not be evaluated. 
 
Conclusions

New-onset AF is a common complication among critically ill 
COVID- 19 patients. After adjusting for significant confounders, 
new-onset AF in critically ill COVID-19 patients was found to be 
associated with an increased risk of MACE, mortality, and worse 
clinical course, compared to the patients who did not develop new-
onset AF.

List of abbreviations
AF, atrial fibrillation 
APACHE, acute physiology and chronic health evaluation 
CABG, coronary artery bypass graft 
CKD, chronic kidney disease
COPD, chronic obstructive pulmonary disease
ECMO, extracorporeal membrane oxygenation
COVID-19, coronavirus disease
CI, confidence interval 
CV, cardiovascular 
ECG, electrocardiogram 
ESC, European Society of Cardiology
HF, heart failure
ICU, intensive care unit 
IMV, invasive mechanical ventilation 
IQR, interquartile range
LOS, length of stay 
MACE, major adverse cardiovascular events 
MI, myocardial infarction 
NT-proBNP, N-terminal-pro brain natriuretic peptide
OR, odds ratio 
OSA, obstructive sleep apnea
PCI, percutaneous coronary intervention
PCR, Polymerase Chain Reaction 
PE, pulmonary embolism
SAPS, simplified acute physiology score
SOFA, sequential organ failure assessment
SARS-CoV-2, severe acute respiratory syndrome coronavirus-2 
SD, standard deviation
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