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Abstract

Purpose Coronary artery calcium (CAC) and epicardial adipose tissue (EAT) can predict AF in the general population.
We aimed to determine if CAC and EAT measured by computed tomographic (CT) scanning can predict new-onset AF in
patients admitted with COVID-19 disease.

Methods We performed a retrospective, post hoc analysis of all patients admitted to Montefiore Medical Center with a
confirmed COVID-19 diagnosis from March 1st to June 23rd, 2020, who had a non-contrast CT of the chest within 5 years
prior to admission. We determined ordinal CAC scores and quantified the EAT volume and examined their relationship with
inpatient mortality.

Results A total of 379 patients were analyzed. There were 16 events of new-onset AF (4.22%). Patients who developed AF
during the index admission were more likely to be male (75 vs 47%, p <0.001) and had higher EAT (129.5 [76.3-197.3] vs
91.0 [60.0-129.0] ml, p=0.049). There were no differences on age (68 [56-71] vs 68 [58-76] years; p=0.712), BMI (28.5
[25.3-30.8] vs 26.9 [23.1-31.8] kg/mz; p=0.283), ordinal CAC score (3 [1-6] vs 2 [04]; p=0.482), or prevalence of diabe-
tes (56.3 vs 60.1%; p=0.761), hypertension (75.0 vs 87.3%, p=0.153), or coronary artery disease (50.0 vs 39.4%, p=0.396).
Patients with new-onset AF had worse clinical outcomes (death/intubation/vasopressors) (87.5 vs 44.1%; p=0.001).
Conclusion Increased EAT measured by non-contrast chest CT identifies patients hospitalized with COVID-19 at higher
risk of developing new-onset AF. Patients with new-onset AF have worse clinical outcomes.
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1 Introduction Initial reports from China suggested an incidence of

COVID-19 arrhythmias of 17% with higher incidence in

Coronavirus disease (COVID-19), caused by the severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2),
has rapidly spread globally. Although most cases recover,
COVID-19 still appears to retain an elevated mortality with
the number of deaths escalating to over 2.5 million world-
wide through March 2021 [1].
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patients admitted to the ICU (up to 44%) [2]. Further studies
in different populations showed an incidence of new onset
AF of around 4-8% [3, 4]. Consequences of AF in COVID-
19 are still uncertain; some authors reported possible worse
outcomes [5], whilst others did not [6].

Computed tomographic (CT) scanning can be used to
detect and quantify visceral fat. In the past few years, epi-
cardial adipose tissue (EAT) has attracted a lot of interest as
an independent risk factor for new-onset AF, possibly due to
pro-inflammatory cytokines and fibrosis of the atrial myo-
cardium [7, 8]. EAT is a metabolically active fat depot that
makes up for approximately 20% of total heart weight, lies
between serous epicardium and the fibrous pericardium, and
can be quantified from non-gated non-contrast chest CT [9].

CT scanning can also identify the presence and extent of
coronary atherosclerosis. The coronary artery calcification
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scoring (CAC) is an established and extensively vali-
dated imaging biomarker for cardiovascular risk, allowing
enhanced risk reclassification for the prediction of all cause
and cardiac specific mortality in asymptomatic subjects [10].
Moreover, CAC at a single time point and its progression
have been associated with an increased risk for AF [11].
Although the traditional Agatston method for measuring
CAC requires ECG-gated acquisition, good correlation has
been demonstrated between CAC identified on non-gated CT
scans and ordinal scores obtained from gated CT scans [12].

Our hypothesis was that EAT and/or CAC, as markers
of a pro-inflammatory milieu and coronary atherosclerosis,
respectively, are predictors of new-onset AF during COVID-
19 hospitalization. As many patients hospitalized with
COVID-19 currently undergo chest CT examinations, EAT
analysis could be readily available and provide additional
clinical value for appropriate monitoring.

2 Methods

We conducted a retrospective, post hoc analysis of all
patients who were admitted to Montefiore Medical Center
with a confirmed COVID-19 diagnosis by polymerase chain
reaction (PCR) from March 1st to June 23rd, 2020. Sample
for RT-PCR was obtained by either nasopharyngeal or oro-
pharyngeal swab. The follow-up period was from March 1st
to June 26th, 2020. Patients who had a non-contrast CT of
the chest at our facility after March 1st, 2015, constituted
the main study cohort. Baseline demographic, clinical, and
laboratory variables (including inflammatory biomarkers)
were retrieved from our electronic medical record system.
Baseline characteristics and outcomes were compared with
patients who were admitted with COVID-19 but did not have

a CT study performed. The investigators had direct access
to primary data.

The study was approved by our Institutional Review
Board (Office of Human Research Affairs at Albert Einstein
College of Medicine).

2.1 CT acquisition

Patients were imaged on the following CT scanners with-
out contrast administration or electrocardiographic gating:
GE Optima 660, GE Lightspeed VCT, Neurologica Corp
Caretom, Siemens Somatom Sensation 16, and GE Optima
CT 540. Images were reconstructed at 2.5 mm slice thick-
ness. Scans with reconstructions at different slice thickness
were excluded.

2.2 Coronary calcium score

Two readers blinded from clinical data calculated ordinal
scores from standard non-gated chest CT studies using the
methods described by Shemesh et al. for patients without
history of myocardial revascularization [12]. Briefly, the
right coronary artery, left main, left anterior descending,
and left circumflex arteries were each given a score of 0-3
for presence and extent of calcium with O (none), 1 (< 1/3
of the artery length calcified), 2 (> 1/3 to <2/3 calcified),
and 3 (>2/3 calcified). These scores were summed across
the 4 arteries, providing a range of possible scores from 0
to 12 (see Fig. 1A and B). We calculated the inter-observer
variability based on a random sample. Agreement for sever-
ity class was high (interclass correlation coefficient=0.980,
p<0.001).

Fig. 1 Example of patients CTs and measurement of CAC and EAT. A Patient with CAC=0 who survived. B Patient with CAC =9 who died. C
Patient with EAT = 138 ml who died; EAT highlighted in purple by QFAT Software
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2.3 Quantification of EAT

For the measurement of EAT, we used QFAT software. As
previously described [13], QFAT uses convolutional deep
learning for fully automated quantification of epicardial and
thoracic volumes. Accuracy and reproducibility of QFAT
have been previously validated [14, 15]. Contours were
reviewed by an expert user and manually modified when
needed. Superior and inferior limits of the pericardium were
identified as the bifurcation of the pulmonary trunk and the
posterior descending artery, respectively. EAT was defined
as adipose tissue within the pericardium (see Fig. 1C).
Patients with significant artifacts from ICDs or poor acqui-
sition were excluded.

2.4 Statistical analysis

Continuous data are displayed as mean =+ standard deviation
or median (25-75% interquartile range) and compared with
the Student’s t-test, or Wilcoxon ranks-sum, as appropriate.
Categorical data are presented as percent and compared by
the chi-squared test. A binomial logistic regression was per-
formed to ascertain the effect of CAC and EAT on the likeli-
hood of developing AF. Kaplan—Meier survival analysis and
log rank were conducted to compare the freedom from the
composite event of intubation, pressor need, or death. June
26th, 2020, was the end of the censoring period. A p <0.05
was considered statistically significant. Statistical analysis
was performed with SPSS (IBM Corp, ver. 25, Armonk,
NY).

3 Results
3.1 Study population and baseline characteristics

From 4311 patients who were hospitalized at Montefiore
between March 1st and June 23rd, 2020, with confirmed
COVID-19 by PCR, we identified 504 patients who had a
non-contrast chest CT performed during or within 5 years
prior to admission. A total of 125 patients were excluded,
114 due to prior AF, and 11 due to uninterpretable CT. A
total of 379 patients were finally included for analysis. Over-
all median age was 68 (IQR 58-76) years, 48.3% were male,
and 39.3% Hispanic. Diabetes (DM) (59.9%), hyperlipi-
demia (70.7%), and hypertension (86.8%) were highly preva-
lent, whereas CAD and asthma/COPD were present in < 50%
of patients (39.8 and 49.5%, respectively). There was no dif-
ference on CHA,DS, VASc score between the group without
and with new-onset AF (4 [3-5] vs 3 [2-4]; p=0.818). On
average, patients presented to the hospital 2 days after onset
of symptoms (IQR 0-5). There were 16 episodes of new-
onset AF (4.22%) detected during hospitalization. Patients

who developed new-onset AF were more likely to be male
(75.0 vs 47.1%; p=0.029). There were no differences in age
(68.0 [56.3-70.5] vs 68.0 [58.0-76.0] years; p=0.712), BMI
(28.5 [25.3-30.8] vs 26.9 [23.1-31.8] kg/m?; p=0.283),
or prevalence of DM (56.3 vs 60.1%; p=0.761), hyper-
lipidemia (87.5 vs 70.0%; p=0.132), hypertension (75.0
vs 87.3%; p=0.154), CAD (50.0 vs 39.4%; p=0.396), or
asthma/COPD (37.5 vs 49.0%; p=0.366). On presenta-
tion, there were no significant differences on vital signs
(Table 1). There was a small difference on serum potassium
levels (4.7 [4.4-5.7] vs 4.4 [4.0-4.9] mEq/1; p=0.027) but
not on other routine laboratory tests at the time of presenta-
tion. Patients who developed AF had worst outcomes with
longer hospitalization (Fig. 2; 15 [8-26.8] vs 6 [4—12] days;
p <0.001), requirement of pressors (75 vs 22%; p<0.0001),
and intubation (81.3 vs 22.0%; p <0.001). Patients with new-
onset AF were more likely to receive IV steroids (56.3 vs
25.5%; p=0.005) but there were no differences on use of
inotropes (0.0 vs 1.4%; p=0.637), hydroxychloroquine (75.0
vs 64.5%; p=0.387), chloroquine (0.0 vs 1.9%; p=0.575),
azithromycin (37.5 vs 29.2%; p=0.476), or antibiotics (93.8
vs 80.2%; p=0.177).

When compared to the group admitted for COVID-19
within the same timeframe without a prior CT within 5 years
(n=3807), patients with no prior CT were younger (65
[54-77] vs 70 [60-77] years; p <0.001), had higher BMI
(28.8 [24.9-33.9] vs 27.3 [23.3-31.9] kg/m?; p <0.001), and
had lower prevalence of DM (51.9 vs 62.3%; p <0.001),
hyperlipidemia (55.0 vs 74.6%; p <0.001), hypertension
(69.5 vs 88.6%, p<0.001), CAD (23 vs 48.5%, p<0.001),
and lung disease (25.2 vs 52.3%, p <0.001). There was no
difference in gender (53.2 vs 49.5% male, p=0.12). Inci-
dence of new-AF for the cohort without prior CT was not
significantly different when compared to the group without
prior CT lower than one with prior CT (4 vs 5%; p=0.987).
Our cohort also had no difference in mechanical ventilation
(23.9 vs 21.5%; p=0.213) but higher requirement for pres-
sors (23.9 vs 19.1%; p=0.012), and death rates (40.0 vs
28.2%; p <0.001).

3.2 Coronary artery calcium

Ordinal CAC score was calculated in 379 patients. CAC >0
was present in 231 patients with 116 patients having mild
(1-3), 72 moderate (4-6), and 43 severe (7-12) CAC with
an overall population median CAC score of 2 (IQR 0.0-4.3).
There was no difference in CAC score between the new-
onset and no AF groups (Fig. 3A; Ordinal CAC 2.5 [1.0-5.5]
vs 2.0 [0—4.3]; p=0.482). On a ROC curve analysis, CAC
showed an AUC of 0.551 (p=0.494). Patients with CAC >4
(moderate to severe) had no different incidence of new-AF
(Fig. 3A OR=0.959, p=0.939) but had worse clinical
outcomes compared to patients with CAC <4, with higher
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Table 1 Baseline characteristics of patients admitted with COVID-19. Columns show the different demographic, clinical, laboratory, and CT
values of the overall group (all), those who did not develop AF (no AF), and those who did (AF). P value compared no AF vs AF groups

ALL No AF AF p
n=379 n=363 n=16
Demographics
Age, years n=379 68 (58-76) 68 (58-76) 68 (56.3-70.5) 0.712
BMI (kg/m?) n=368 26.9 (23.3-31.7) 26.9 (23.1-31.8) 28.5 (25.3-30.8) 0.283
Male gender, no (%) n=379 183/379 (48.3) 171/363 (47.1) 12/16 (75) 0.029
PMH
Diabetes, no (%) n=379 227/379 (59.9) 218/363 (60.1) 9/16 (56.3) 0.761
Hyperlipidemia, no (%) n=379 268/379 (70.7) 254/363 (70.0) 14/16 (87.5) 0.132
Hypertension, no (%) n=379 329/379 (86.8) 317/363 (87.3) 12/16 (75) 0.154
Asthma/COPD, no (%) n=379 184/379 (49.0) 178/363 (49) 6/16 (37.5) 0.366
Coronary artery disease, no (%) n=379 151/379 (39.8) 143/363 (39.4) 8/16 (50) 0.396
Presentation
Symptom duration, days n=365 2 (0-5) 2 (0-5) 3(0.3-3.8) 0.927
Temperature, F n=376 98.6 (98.0-99.7) 98.6 (98.0-99.7) 98.9 (98.6-100.1) 0.093
Systolic BP, mmHg n=378 132 (112-150) 131 (111-149) 141 (118-168) 0.104
Diastolic BP, mmHg n=377 73 (63-84) 73 (63-84) 75 (66-83) 0.769
HR, bpm n=377 95 (82-109) 95 (83-109) 87 (77-109) 0.412
Pulse oximeter saturation, % n=376 96 (92-98) 96 (92-98) 94 (89-96) 0.062
Respiratory rate, bpm n=376 20 (18-22) 20 (18-22) 22 (18-27) 0.115
WBC count, k/pL n=371 7.3 (5.0-11.0) 7.3 (5.0-11.0) 7.3 (5.0-11.8) 0.926
Hemoglobin, g/dL n=371 12.0 (10.3-13.4) 11.9 (10.3-13.5) 12.1 (10.6-13.0) 0.568
Sodium, mEq/L n=368 137 (134-141) 137 (134-141) 137 (134-142) 0.858
Potassium, mEq/L n=359 4.4 (4.0-4.9) 4.4 (4.0-4.9) 4.7 (4.4-5.7) 0.027
EGFR, mL/min/BSA n=369 51.8 (21.9-80.2) 52.3(21.2-80.3) 44.8 (27.4-75.2) 0.927
Glucose n=369 133 (106.5-195.5) 130 (105.5-196.0) 155 (134.8-195.0) 0.214
Lactic acid, mmol/L n=161 2(1.4-2.9) 2(1.4-2.9) 1.8 (1.5-3.5) 0.692
ProBNP, pg/mL n=193 676 (174-2956) 656 (158-3025) 1267 (509-8857) 0.217
D-dimer, pg/mL n=147 2.5(1.2-4.3) 2.4 (1.1-4.2) 2.7 (2.1-20) 0.304
C-reactive protein, pg/mL n=169 11.5 (4.4-21.8) 11.3 (4.6-21.2) 17.1 (3.4-29.4) 0.653
Fibrinogen, mg/dL n=226 642 (516-745) 644 (516-745) 517 (481-xx) 0.245
LDH, U/L n=228 373 (280-502) 372 (278-497) 376 (285-528) 0.694
Ferritin, ng/mL n=131 770 (353-1555) 755 (353-1432) 1991 (649-4337) 0.177
Troponin T, ng/mL n=304 0.01 (0.01-0.05) 0.01 (0.01-0.05) 0.01 (0.01-0.04) 0.511
Medications during admission
Hydroxychloroquine, no (%) n=379 246/379 (64.9) 234/363 (64.5) 12/16 (75.0) 0.387
Azithromycin, no (%) n=379 112/379 (29.6) 106/363 (29.2) 6/16 (37.5) 0.476
Other antibiotics, no (%) n=379 306/379 (80.7) 291/363 (24.5) 15/16 (93.8) 0.177
IV steroids, no (%) n=379 98/379 (25.9) 89/363 (24.5) 9/16 (53.3) 0.005
Chloroquine, no (%) n=379 7/379 (1.8) 7/363 (1.9) 0/16 (0) 0.575
ARBS, no (%) n=379 20/379 (5.3) 20/363 (5.5) 0/16 (0) 0.335
Statin, no (%) n=379 145/379 (38.3) 137/363 (37.7) 8/16 (50) 0.323
Clinical outcomes
Intubation n=379 93/379 (25) 80/363 (22) 13/16 (81) <0.001
Mortality n=379 145/379 (38.3) 136/363 (37.5) 9/16 (56.3) 0.130
Pressors n=379 92/379 (24.3) 80/363 (22) 12/16 (75) <0.001
Inotropes n=379 5/379 (1.3) 5/363 (1.4) 0/16 (0) 0.637
CAC and EAT
CAC n=358 2.0 (0-4.3) 2.0 (0-4.3) 2.5(1-5.5) 0.482
Epicardial fat, mL n=359 92 (60-130) 91 (60-129) 130 (76-197) 0.049

Statistical significance highlighted in bold

ALT alanine transaminase; AST aspartate transaminase; BMI body mass index; BP blood pressure; BUN blood urinary nitrogen; CAC ordinal coronary
artery calcium; CAD coronary artery disease; COPD chronic obstructive pulmonary disease; EGFR estimated glomerular filtration rate; F' Fahrenheit; HR
heart rate; /L-6 interleukin 6; IV intravenous; LDH lactate dehydrogenase; proBNP ProB-type natriuretic peptide; WBC white blood cell
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composite intubation/pressor/death (Fig. 4A; 59.1% vs 39.9;
p=0.001).

3.3 Epicardial adipose tissue

EAT was calculated in 357 patients. Median volume in the
overall population was 92 ml (60-130 ml). Patients who
developed Afib had a higher EAT compared to the patients
who did not (Fig. 3B and C; 129.5 [76.3-197.3] vs 91.0 ml
[60.0-129.0]; p <0.05). For each ml in EAT, new-onset AF
HR increased by 0.8 (p=0.024). On a ROC curve analysis,
EAT showed an AUC of 0.655 (p =0.049). Patients with
EAT > median had worse outcomes with higher intuba-
tion/pressor/death (Fig. 4B; 129.5 [76.3-197.3] vs 91.0 ml
[60.0-129.0]; p <0.05).

4 Discussion

The main finding in our study is the association of EAT with
new-onset AF in a large cohort of patients admitted with
COVID-19. Moreover, in our study, patients with new-onset
AF showed worse clinical outcomes.

To our knowledge, this represents the first study to show
an association of EAT with new-onset AF in COVID-19
patients. We showed that the group with new-onset AF had
worse clinical outcomes with higher composite of intuba-
tion/pressors/death (Fig. 2) and higher EAT (Fig. 3B). Also,
for each ml increase in EAT, new-onset AF increased by
0.8%. On a regression model, EAT > median has a HR =3.8,
p=0.042. Moreover, both higher CAC and EAT predicted
worse clinical outcomes (Fig. 4). A number of published
papers have investigated the relation between AF and clinical
outcomes in patients with COVID-19; however, the results

A

Freedom from Intubation, Pressor, and Death

CAC<4
MCAC 24

Days

have not been consistent. Our results show that new-onset
AF in particular could also be linked to adverse outcomes.

Population studies have established increased body mass
index as a predictor of AF [16]. However, heterogeneity of
fat distribution could explain differences in AF within same
BMI [17]. It has been demonstrated that EAT is a meta-
bolically active fat with its own ganglionated plexi. Multiple
studies have found a prognostic role of EAT for new-onset,
persistent AF, and clinical outcomes. A meta-analysis by
Wong et al. involving 352,275 individuals found a strong and
graded association with each increase of 1-SD associated
with 2.6-fold higher odds of AF [18]. Moreover, the associa-
tion was greater than for measures of abdominal or overall
adiposity. Possible mechanisms include fatty infiltration
[19], atrial myocardial fibrosis (possibly through secretion of
TGEF-P) [20], local inflammation [21], oxidative stress [22],
adipocyte-related gene expression [23], autonomic dysfunc-
tion [24], and diastolic dysfunction [25].

Gauss et al. found a significant association between CAC,
EAT, and systemic inflammatory markers [26]. Severity of
COVID-19 infection has been associated to an immune
dysregulation. In particular, monocytes from COVID-19
patients have sustained expression of the cytokines tumor
necrosis factor (TNF) and interleukin-6 (IL-6) [27]. Mazurek
et al. found that EAT is a source of several inflammatory
mediators in high-risk cardiac patients with local expres-
sion of monocyte chemotactic protein (MCP)-1, IL-6, and
TNF-a [28]. Moreover, ACE2 internalization after binding
with COVID-19 results in a reduction of ACE2 in the cell
surface. Loss of ACE2 promotes EAT inflammation, peri-
carditis, and the development of pericardial effusion, all of
which may predispose to the development of AF [29].

It is also known that baseline pro-inflammatory risk
factors (such as diabetes, hypertension, CAD, and COPD)

B

Freedom from Intubation, Pressor, and Death

EAT < median
S EAT 2 median

Fig.4 Clinical outcomes for CAC >4, EAT > median. Kaplan—-Meier curves show freedom from intubation/pressor/death in days according to

CAC score (A) and EAT (B). p=0.001 for both
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exacerbate the cytokine storm related to severe cases of
COVID-19 [30]. We showed here that EAT, possibly through
a pro-inflammatory local response, has predictive value of
new-onset AF in patients admitted with COVID-19.

The most accurate imaging technique to assess epicardial
fat burden is volumetric quantification [17]. Measurement
of EAT by CT has represented in the past a cumbersome
process limiting its clinical applicability. Fully automated
quantification by QFAT, through the use of a convolutional
neural network approach, brings measurement process to a
clinically useful and readily available tool with an average
quantification time of 1.57 s [15].

Data from multiple cohorts shows that CAC effectively
stratifies patients for risk of long-term all-cause and cardio-
vascular mortality better than traditional risk-factors [10,
31-33]. Likewise, data from MESA by O’Neal et al. showed
that CAC predict incidence of AF [11].

The pathophysiologic link between CAC and AF remains
unclear. One possibility is through their common association
with cardiovascular risk factors. Imaging studies have shown
that patients with higher CAC usually have larger atria and
pulmonary veins, anatomical findings which have been asso-
ciated with development of AF. In the MESA study, presence
and progression of CAC seem to be independent predictors
of AF [34]. Higher levels of inflammatory biomarkers have
also been associated with development of CAC [35] and AF
[36]. In our study, however, we did not find an association
between CAC and new-onset AF in COVID-19 hospitalized
patients. It is possible that the association between AF and
coronary atherosclerosis is established over long term and
is not relevant in acutely ill patients with respiratory failure.

Moreover, van der Hooft et al. have described an asso-
ciation between high-dose corticosteroids and development
of AF [37]. Even though the difference in corticosteroids
between groups in our study was small, it is possible that this
factor played an additional role in new-onset AF. Addition-
ally, CHA,DS, VASc score has been associated with worse
outcomes in COVID-19 [38]. We did not find an association
between CHA,DS, VASc score and new-onset AF.

Lastly, it has been suggested that the incidence and asso-
ciated increase in mortality are not specific to COVID-19
but rather a generalized response to the systemic inflam-
mation of severe viral illnesses [4]. It is therefore possible
that our findings could be similarly present in other severe
viral illnesses.

5 Limitations

The inclusion of only patients who had a prior chest CT
selected a higher risk population; however, the incidence
of new-AF was similar to those without prior CT. Many
inflammatory markers were not routinely collected at the

beginning of the pandemic and we cannot therefore evalu-
ate their interaction. We did not find an association with
the development of AF during COVID-19 admission and
CAC. Possible explanations may be the older population
in our study given that association in MESA was stronger
in younger patients < 62 years of age, and differences in
pathophysiologic triggers in patients with acute respiratory
failure. Moreover, new-onset AF may be underestimated as
not all patient had telemetry monitoring. Finally, our cohort
was collected during the earliest period of the COVID-19
pandemic, during which limited therapeutic strategies most
likely contributed to worse outcomes.

6 Conclusion

Increased EAT measured by non-contrast chest CT identifies
patients hospitalized with COVID-19 at higher risk of devel-
oping new-onset AF. Patients with new-onset AF have worse
clinical outcomes. Since a significant number of patients
hospitalized with COVID-19 currently undergo chest CT
examinations, EAT analysis could be readily available and
provide additional clinical value.
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