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BACKGROUND/OBJECTIVES: The aim of this post-hoc analysis was to evaluate if epicardial adipose tissue (EAT) quantity and
quality, as evaluated by computed tomography (CT), have a different role in the risk of mortality and pulmonary embolism in
critically ill COVID-19 patients admitted to an intensive care unit (ICU).
SUBJECTS/METHODS: CT derived EAT volume and density, as well as anthropometric and blood biomarkers, were evaluated in a
sample of 138 subjects, 109 men and 29 women, for whom CT images and information on pulmonary embolism were available
from a total of 313 subjects who were consecutively admitted to the ICU for COVID-19 from the REINSURE-ARDS prospective
registry.
RESULTS: A total of 28 patients (20.3%) died during the first 28 days after ICU admission. 26 subjects out of 138 had pulmonary
embolism (18.8%). Age, weight, BMI, IL-6 levels and pulmonary embolism prevalence were significantly higher across EAT volume
tertiles. Subjects who died in the first 28 days from ICU admission were older, had higher EAT volume, D-dimer, LDH and IL-
6 level.After adjustment for age and gender, participants in tertile 3 of EAT volume had lower survival at 28 days from ICU admission
as compared to subjects in the tertile 1, HR 2.95 (95% C.I. 1.02–8.49), but after adjusting for potential confounders the relation was
no longer significant. No relation between EAT density and mortality was observed.From a binary logistic regression, subjects in
tertile 3 of EAT volume and in tertile 1 of EAT density showed a 4 times and 3.6 times increased risk of pulmonary embolism,
respectively.
CONCLUSIONS: ICU subjects affected by severe COVID-19 with higher EAT volume and low EAT density should be carefully
monitored and managed with a prompt and aggressive approach, to prevent serious and life-threatening consequences and the
increase of hospital treatment costs.
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INTRODUCTION
Previous studies have shown that COVID-19 morbidity and
mortality may be related to epicardial adipose tissue (EAT) [1]
and visceral adipose tissue (VAT) [2], which may act as SARS-
CoV-2 reservoir, thereby prolonging the viral spread inside the
thorax [3].
Previous studies identified EAT as a source of IL-1, PAI-1, IL-6

and TNF-alfa [4], all of which are proinflammatory cytokines
involved in critically ill COVID-19 patients [5]. Previous studies
have shown that PAI-1 may suppress clot dissolution in a
pulmonary embolism animal model by inhibiting the tissue-type
Plasminogen Activator, a key factor in fibrinolysis pathway [6].

High amounts of EAT have also been related to idiopathic deep
vein thrombosis [7].
The abdominal visceral adipose tissue area as evaluated by CT is

associated with clinical severity in patients with COVID-19 [2, 8].
Also, EAT seems to influence COVID-19 severity in non-ICU
patients as reported by Iacobellis et al. [9]., but the role of this
peculiar fat depot in intubated critically ill COVID-19 patients has
not been previously investigated.
Similarly, Grodecki K et al. showed in an international multi-

center study, involving 109 patients aged 64 ± 16 years, that EAT
volume and EAT attenuation were independently associated with
clinical deterioration or death in COVID-19 patients [10].
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Multiorgan thrombosis is a prominent feature in COVID-19. In
autopsies reports megakaryocytes and platelet-rich thrombi have
been observed in the pulmonary arteries, arterioles and micro-
vessels, suggesting a role in COVID-19 associated lung thrombosis.
A high prevalence of pulmonary arterial thrombi has been
observed in the COVID-19 setting, also in absence of coexisting
deep venous thrombosis. Mild epicardial inflammation with focal
acute lymphocytic epimyocarditis has been observed in COVID-19
patients [11]. Previous studies reported high pulmonary embolism
prevalence in COVID-19 patients, with up to 50% in those
admitted to ICU [12].
The aim of the present study was to evaluate if EAT quantity

and quality, as evaluated by computer tomography (CT), are
associated with the risk of mortality and pulmonary embolism in
critically ill COVID-19 patients admitted to our intensive care
unit (ICU).

MATERIALS/SUBJECTS AND METHODS
Study population
The main study population consisted of 313 COVID-19 patients
from the REINSURE-ARDS registry, consecutively admitted to the
ICU of the University Hospital Integrated Trust of Verona between
March 8th 2020 and January 31th, 2021. All subjects belonged to
the REINSURE-ARDS registry, a prospective registry of patients
requiring ICU admission for respiratory failure (Prog 1946CESC,
Prot 72485 12/11/2018). All patients had microbiologic confirma-
tion of COVID-19 diagnoses by sampling of oral/nasopharyngeal
swab. Upper respiratory specimens were obtained following WHO
indications [13].

This study was approved by the ethics board of the University of
Verona (Prog 2776CESC Prot 33108 16/06/2020) as a post-hoc
analysis of a prospective registry. Patient identification remained
anonymous, all participants (and/or initially their families)
provided informed consent before inclusion in the REINSURE-
ARDS Registry and for the use of their clinical and biological data.
The ICU admission criteria and treatment decisions, including the
determination of the need for intubation and type of administered
antibiotic and antiviral therapy, were not standardized and were
made by the attending medical team.
The present analysis was performed in a subsample of

138 subjects for whom CT images and information on pulmonary
embolism were available (Fig. 1).
Patients’ baseline characteristics were recorded along with

comorbidities and usual therapy. Height and weight were
recorded at the beginning of hospitalization as previously
reported [14]. Body mass index (BMI) was calculated as the ratio
between weight and height squared (kg/m2).
Patients’ severity was graded from ICU admission. The APACHE

II (Acute Physiology and Chronic Health Evaluation II) score was
applied within the first 24 h of ICU admission; this score is
computed on several measurements calculated from 12 acute
physiologic variables, patient age and chronic health status [15].
The SOFA (Sepsis-related Organ Failure Assessment) score was

computed daily; when first described, it was designed as a sepsis-
related organ failure assessment, to describe a sequence of
complications of critical illness and not to predict outcome,
although the Authors acknowledged that any functional morbidity
score must also be associated with mortality. Being rapidly
recognized as useful for the assessment of acute morbidity in a
range of critical illnesses, its title changed. SOFA is computed
based on six different systems, respiratory, cardiovascular, hepatic,
coagulation, renal and neurological, each scored from 0 to 4 with
an increasing score reflecting worsening organ dysfunction [16].

Patient involvement statement
Patients and relatives were involved in the conduct of this
research. Once the study has been published, participants will be
informed of the results through a dedicated website (https://
www.univr.it/it/comunicati-stampa) and will be sent details of the
results in a study newsletter suitable for a non-specialist audience.

Biochemical measurements
All blood tests were performed according to established routine
patient care and were performed upon ICU admission and/or
within 24 h from ICU admission for those tests which are not
available at night and on Sundays (e.g., IL-6), and, thereafter, on a
daily base. Venous blood samples for C-reactive protein (CRP),
lactate dehydrogenase (LDH), interleukin-6 (IL-6) and creatin
phosphokinase (CPK) levels were obtained after overnight fasting
as previously reported [17].

CT scan protocol and image analysis
All CT scans were performed within 48 h from ICU admission,
except for those patients who had already had a CT scan during
the 48 h preceding patient’s ICU admission. All CT scans were
performed using multi-detector CT scanners (Brilliance 64, Philips,
Best, The Netherlands and SOMATOM Definition Edge, Siemens,
Erlangen, Germany), with dedicated protocols for the evaluation of
pulmonary arteries, after intravenous administration of high-
concentration iodinated contrast agents. All the scans were
evaluated for the presence of pulmonary embolism by the same
operator (GZ). Another trained operator (APR), blinded to patient
outcomes, measured the EAT volume with a dedicated work-
station using Sliceomatic software (version 4.2; Tomovision,
Montreal) [18]. EAT volume was calculated considering density
values in the range between -30 and -190 Hounsfield units (HU)
for adipose tissue and respecting as anatomical limits the

Fig. 1 Flow chart of participant recruitment, screening and
assessment. CT Computer tomography.
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pulmonary artery bifurcation, the left atrium and the aortic root as
the upper limit and the diaphragm and the left ventricle apex as
the lower limit; mean density in HU was also calculated [19].

Outcome measures
Pulmonary embolism was clinically suspected on the basis of
either worsening hypoxia despite adequate treatment or acute cor
pulmonale not being explained by the actual patient-ventilator
interactions [20, 21]. Mortality during the first 28 days of
hospitalization was also recorded.

Patient management
Patients were recruited during the COVID-19 first wave from
March 8th 2020 to July 16th 2020 and during the second wave
from October 1th, 2020 to January 31th, 2021
All patients were managed according to our local ICU manage-

ment protocol which foresaw:

-Endotracheal intubation when P/F ratio was inferior to 100 or
<150 with tachy-dyspnoea; mechanical ventilation was initially
settled on controlled volume mode with a tidal volume of 6 ml/
kg on predicted body weight, respiratory rate 16–18, PEEP
according to the best PEEP measured, and FiO2 so as to achieve
SpO2 92–95%;
-All intubated patients with P/F ratio <150 were submitted to at
least one prone/supine cycle (16/8 h);
-Continuous intravenous analgo-sedation with fentanyl or
remifentanil and midazolam or propofol according to patients’
haemodynamic profiles;
-Continuous infusion of neuromuscular blocking agents (rocur-
onium or cisatracurium in the case of kidney failure) during the
acute phase of invasive ventilation, during pronation cycles and
when performing pulmonary mechanical measurements;
-Continuous enteral nutrition via nasogastric tube (25–30 kCal/
kg/day comprehensive of a protein support of 1.2–2 g/kg/day);
-Multivitamin (Cernevit, 1 vial/day iv), electrolyte (Olitrace, 1
vial/day iv), amino acid (Aminotrofic, 1 dose tid via nasogastric
tube), vitamin D (Gelenasi, 800 IU tid via nasogastric tube so as
to maintain plasmatic vitamin D levels at 10–20 ng/mL) daily
supplement;
-Gastric ulcer prophylaxis with pantoprazole 40 mg/day;
-Graduated compression elastic stockings or foot pumps;
-Glycemic control with continuous insulin infusion when
indicated
-Antibiotics only if bacterial co-infection is suspected or
documented

Furthermore, during the first wave, patients were treated with:

-Lopinavir/Ritonavir 200/50mg bid for 10 days;
-Hydroxychloroquine 200 mg/day for 10 days;
-Enoxaparin 100 IU/kg/day or other LMWH in the case of kidney
failure; if pulmonary embolism and/or deep venous thrombosis
were diagnosed, patients were submitted to full anticoagula-
tion protocol (e.g. Enoxaparin 100 IU/kg bid or equivalent);
-Vitamin C 35mg/kg tid for 4 days;
-Hydrocortisone 100 mg bid in case of septic shock;
-Methylprednisolone 1mg/kg/die as rescue therapy for
proliferative ARDS.

During the second wave patients were treated with:

-Enoxaparin 100 IU/kg/day bid or equivalent in the case of
kidney failure; treatment did not change in the case of
diagnosed pulmonary embolism;
-Dexamethasone 6mg/day;
-Intravenous Vitamin D 200000 IU bid the first day of ICU
admission, the 100000 IU bid for 7 days (contraindicated in the
case of hypercalcemia), to be repeated for another 7 days in the

case of low plasmatic levels, to be substituted with oral
administration of 10,000 IU/day in the case of plasmatic vitamin
D levels 10–20 ng/ml;
-Vitamin C 12 g bid for 3 days, then 4 g bid for 7 days;
-Thiamine 100mg tid.

Statistical analysis
Our primary aim was to assess if EAT volume and EAT density were
associated with mortality. Our secondary aim was to test the
hypothesis that pulmonary embolism was associated with EAT
quantity and density.
The study population was divided into subjects with and

without a diagnosis of pulmonary embolism during ICU stay.
Furthermore, the study population was divided into EAT volume
and density tertiles.
Differences between groups were assessed using the chi-

squared test and Fisher’s exact test for categorical variables and
the Student’s t-test or Mann-Whitney U test for continuous
variables.
Differences in mortality rates across EAT volume and density

tertiles were preliminarily evaluated by fitting Kaplan-Meier survival
curves. Cox proportional hazard models were used to assess the risk
of death and Hazard Ratio (HR), and 95% Confidence Intervals (95%
C.I.) were estimated and reported. Four models were fitted for each
outcome: unadjusted, age and gender-adjusted, age, gender and
BMI-adjusted and then they were further adjusted for smoking status
and comorbidity (smoking status, coronary heart disease, congestive
heart failure, hypertension, diabetes, neurological pathology, chronic
obstructive pulmonary disease, chronic renal failure, immunodepres-
sion and cancer).
A binary logistic regression model was used that considered the

occurrence of pulmonary embolism as a dependent variable, while
age, gender, BMI, smoking status, comorbidity (smoking status,
coronary heart disease, congestive heart failure, hypertension,
diabetes, neurological pathology, chronic obstructive pulmonary
disease, chronic renal failure, immunodepression and cancer) and
EAT volume or density tertiles (3 vs 1) were considered as
independent variables.
A p-value of 0.05 or less was considered to be statistically

significant. Data analysis was conducted using SPSS 22.0 software
(Chicago, IL, USA).

RESULTS
138 subjects, 109 men and 29 women, (21.0%) were included in
the study. No differences were observed in age, sex distribution,
BMI, weight, height and APACHE II score between included and
excluded subjects.
Mean delay between the onset of symptoms and hospital

admission was 3.79 ± 2.1 days, mean length of hospital stay pre-
ICU admission was 4.2 ± 6.8 days and 28 out of 138 patients were
directly admitted to ICU from Emergency Room. Mean length of
ICU hospitalization was 19.59 ± 15.41 days and mean hospital stay
was 35.39 ± 18.16. Subjects who died in ICU were excluded using
length of stay calculation.
The mean APACHE II score was 19.0 ± 8.7 and the mean SOFA

score pre-intubation was 5.58 ± 2.32. All subjects required invasive
mechanical ventilation. The most common comorbidities were
hypertension (57.2%), followed by dyslipidaemias (17.4%), dia-
betes (20.3%) and heart disease (9.4%).
Tables 1 and 2 show the main study characteristics dividing the

study population according to EAT volume and density tertiles.
Age, weight, BMI, IL-6 levels and pulmonary embolism prevalence
were significantly higher across EAT volume tertiles. No differ-
ences were observed in LDH, CRP and D-dimer.
A correlation matrix considering main study variables is shown

in Table 3. A positive correlation between EAT volume and age,

A.P. Rossi et al.

3

European Journal of Clinical Nutrition



BMI and IL-6, whilst an inverse relationship with EAT density was
observed. 28 patients (20.3%) died during the first 28 days from
ICU admission. Subjects who died in the first 28 days from ICU
admission were older, had higher EAT volume, D-dimer, LDH and
IL-6 levels.
Figure 2 shows that participants tertile 3 of EAT volume (those

with the highest volume of EAT) had lower survival at 28 days from
ICU admission as compared to subjects in tertile 1. Estimates derived
from the Cox proportional hazard unadjusted model confirmed the
results of the survival analysis for tertile 3, compared to tertile 1 (HR
3.04, 95% C.I. 1.08–8.52). On the contrary subjects tertile 2 did not
show an increased risk compared to tertile 1. After adjustment for
age, gender and BMI, the relationship remained significant with 2.95
times (95% C.I. 1.02–8.49) increased risk. In the full model, after
adjusting for age, gender, BMI and comorbidity, the relation was no
longer significant and only age was independently associated with
mortality (HR 1.08, 95% C.I. 1.03–1.13).
In a similar analysis (Fig. 3), when the study population was

divided into groups upon EAT density tertiles, no significant
differences in survival at 28 days between the groups were
observed.
Moreover, only age was independently associated with

mortality in the full adjusted model (HR 1.03, 95% C.I. 1.01–1.12).
26 subjects out of 138 had pulmonary embolism (18.8%).

Subjects with pulmonary embolism showed higher weight, BMI,
EAT volume, D-dimer and IL-6 levels and lower EAT density (data

not show in Table). There was a higher incidence of cancer in
those with pulmonary embolism compared to those without
pulmonary embolism, but no difference in other important co-
morbidities.
From a binary logistic regression that considered pulmonary

embolism diagnosis as a dependent variable and EAT volume
tertiles, age, sex, BMI and comorbidities as independent variables,
subjects in tertile 3 of EAT volume, compared to tertile 1, showed
a 4 times increased risk of pulmonary embolism (95% C.I.
1.02–16.12).
Considering EAT density tertiles, age, sex, BMI and comorbid-

ities as independent variables, subjects in tertile 1 of EAT density
(those with the lowest density of EAT) showed a 3.6 times
increased risk of pulmonary embolism (95% C.I. 1.06–12.17). BMI
was independently related to an increased risk of pulmonary
embolism (OR 1.13, 95% C.I. 1.02–1.25).

DISCUSSION
Our study shows that in COVID-19 intubated critically ill, subjects
with a higher amount of EAT are at higher risk of pulmonary
embolism in ICU.
EAT volume, and not EAT density, was associated with increased

mortality in our population of critically ill COVID-19 subjects, but
after adjustment for potential confounders this relationship was
no longer significant.

Table 1. Characteristics of the study population by EAT volume tertile.

Tertile 1 (SD)
(n= 46)

Min–Max Tertile 2 (SD)
(n= 46)

Min–Max Tertile 3 (SD)
(n= 46)

Min–Max p

Age (years) 61.4 (12.2) 29–77 65.4 (8.6) 44-82 67.2 (10.0) 47-86 0.025

Sex (M) n (%) 34 (73.9%) 57 (80.4%) 38 (82.6%) 0.567

Height (m) 1.7 (0.1) 1.40–1.96 1.7 (0.1) 1.60–1.94 1.7 (0.1) 1.55–1.90 0.810

Weight (Kg) 81.9 (12.9) 46–112 89.5 (18.7) 63–157 89.7 (13.5) 68–127 0.023

BMI (Kg/m2) 27.7 (3.1) 20.4–34.3 29.9 (5.3) 22.5–51.9 30.1 (4.4) 24.2–41.5 0.014

Epicardial fat
density (HU)

−72.8 (8.1) −93.0–53.2 −76.2 (6.6) −93.9–57.3 −83.6 (9.1) −101.6–55.9 <0.001

APACHE II 17.1 (7.8) 4–33 19.5 (8.3) 6–36 20.6 (9.6) 4–53 0.138

CRP (mg/dL) 130.8 (94.1) 4–410 122.6 (77.7) 21–348 112.8 (71.7) 9–259 0.572

D-Dimer (ng/mL) 1927.4 (2584.4) 250–10,000 2284.3 (2589.2) 150–10,000 2538.7 (3147.5) 120-10,000 0.573

LDH (U/L) 368.7 (130.1) 55.0–729.0 407.9 (260.4) 11.0–1544.0 184.3 (146.8) 60.0–776.0 0.604

IL-6 (pg/mL) 23.9 (36.4) 6.7–168.1 66.2 (81.2) 7.8–367.0 142.9 (163.3) 7.8–500.0 <0.001

Hypertension 27 (58.7%) 26 (56.5%) 26 (56.5%) 0.971

Hearth failure 1 (2.2%) 2 (4.3%) 1 (2.2%) 0.773

Ischemic cardiopathy 3 (6.5%) 3 (6.5%) 3 (6.5%) 1.000

Neurological disorder 1 (2.2%) 4 (8.7%) 5 (10.9%) 0.246

Type 2 Diabetes 8 (17.4%) 8 (17.4%) 12 (26.1%) 0.488

Thyroid 4 (8.7%) 10 (21.7%) 3 (6.5%) 1.000

Dyslipidemia 6 (13.0%) 10 (21.7%) 8 (17.4%) 0.546

Immunodepression 3 (6.5%) 3 (6.5%) 5 (10.9%) 0.674

Smoke habit 9 (19.6%) 3 (6.5%) 8 (17.4%) 0.163

Chronic renal failure 2 (4.3%) 5 (10.9%) 6 (13.0%) 0.332

Cancer 3 (6.5%) 6 (13.0%) 6 (13.0%) 0.510

Embolia 3 (6.5%) 10 (21.7%) 13 (28.3%) 0.024

28 Daysa Mortality 6 (13.0%) 9 (19.6%) 13 (28.3%) 0.191

EAT Epicardial Adipose Tissue, SD standard deviation, BMI body mass index, HU Hounsfield units, CRP C reactive protein, CPK creatin phosphokinase, LDH lactate
dehydrogenase, aSince Intensive Care Unit admission.
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Previous studies showed that the abdominal visceral fat area, as
evaluated by CT, is associated with unfavorable health outcomes
and mortality in COVID-19 subjects [2, 8].
Our finding is partially in line with the previous reports from

Mehta et al. and Grodecki et al. [1, 10]. and this is not surprising

considering that SARS-CoV-2 enters into cells using the ACE2
receptor, which is highly expressed in EAT and other visceral
adipose depots [22]. However, when age was included with
comorbidities in the final model it was the only significant
predictor of mortality.
The role of EAT density as a risk factor for severe COVID-19 is

under debate. Lower VAT density, as evaluated with CT, is

Table 2. Characteristics of the study population by EAT density tertile.

Tertile 1 (SD)
(n= 46)

Min–Max Tertile 2 (SD)
(n= 46)

Min-Max Tertile 3 (SD)
(n= 46)

Min–Max p

Age (years) 66.2 (11.1) 29–86 64.9 (10.2) 36-82 62.8 (10.4) 35–79 0.302

Sex (M) n (%) 35 (76.1%) 36 (78.3%) 38 (82.6%) 0.737

Height (m) 1.7 (0.1) 1.40–1.96 1.7 (0.1) 1.63–1.86 1.7 (0.1) 1.55–1.94 0.685

Weight (Kg) 86.0 (16.4) 46-157 88.1 (11.2) 68-113 87.0 (18.5) 63-157 0.802

BMI (Kg/m2) 29.1 (4.3) 20.4–40.5 29.4 (3.6) 23.4–41.5 29.1 (5.4) 21.6–51.9 0.941

Epicardial fat
volume (cm3)

140.2 (100.8) 1.9–516.5 84.7 (72.5) 26.0–406.4 54.8 (27.3) 11.3–132.2 <0.001

APACHE II 20.8 (9.0) 4–53 18.2 (8.4) 4–33 18.2 (8.5) 4–36 0.239

CRP (mg/dL) 103.8 (70.3) 19–259 128.2 (85.6) 9-410 134.2 (86.1) 4-348 0.165

D-Dimer (ng/mL) 2951.0 (3400.7) 120–10000 1727.4 (2268.4) 150–10,000 2072.0 (2441.0) 200–10,000 0.092

LDH (U/L) 402.8 (223.4) 11.0–1188.0 389.8 (207.3) 77.0–1544.0 368.3 (116.3) 140.0–729.0 0.675

IL-6 (pg/mL) 103.4 (137.7) 7.0–500.0 70.9 (116.3) 6.7–487.0 58.7 (91.9) 6.7–345.0 0.170

Hypertension 20 (40.3%) 32 (69.6%) 27 (58.7%) 0.040

Hearth failure 1 (2.2%) 0 (0.0%) 3 (6.5%) 0.165

Ischemic cardiopathy 1 (2.2%) 3 (6.5%) 5 (10.9%) 0.240

Neurological disorder 4 (8.7 %) 2 (4.3%) 4 (8.7%) 0.650

Type 2 Diabetes 10 (21.7%) 8 (17.4%) 10 (21.7%) 0.836

Thyroid 7 (15.2%) 7 (15.2%) 3 (6.5%) 0.342

Dyslipidemia 4 (8.7%) 8 (17.4%) 12 (26.1%) 0.089

Immunodepression 5 (10.9%) 2 (4.3%) 4 (8.7%) 0.501

Smoke habit 4 (8.7%) 9 (19.6%) 7 (15.2%) 0.329

Chronic renal failure 5 (10.9%) 3 (6.5%) 5 (10.9%) 0.712

Cancer 4 (8.7%) 8 (17.4%) 3 (6.5%) 0.208

Embolia 13 (28.3%) 8 (17.4%) 5 (10.9%) 0.098

28 Daysa Mortality 12 (26.1%) 10 (21.7%) 6 (13.0%) 0.285

EAT Epicardial Adipose Tissue, SD standard deviation, BMI body mass index, HU Hounsfield units, CRP C reactive protein, CPK creatin phosphokinase, LDH lactate
dehydrogenase.
aSince Intensive Care Unit admission.

Table 3. Main correlation between main study variablesa.

EAT Volume EAT Density

EAT Volume 1

EAT Density −0.526* 1

Age 0.244** −0.128

Weight 0.201*** −0.004

BMI 0.228** −0.038

CRP 0.014 0.109

D-dimer 0.165 −0.133

LDH 0.060 −0.076

IL-6 0.348* −0.126

Apache II score 0.087 −0.135

All values are Pearson’s correlation (r).
EAT Epicardial Adipose Tissue, BMI Body Mass Index, CRP C-reactive protein,
LDH Lactate Dehydrogenase.
*P < 0.001; **P < 0.01; ***P < 0.05.
an=138.

Fig. 2 Kaplan–Meier survival curves for all-cause mortality
according to EAT volume tertiles. EAT epicardial adipose tissue,
ICU intensive care unit.
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associated with higher adipocyte weight and diameter and
consequent adipose tissue inflammation [23, 24]. In a post-hoc
analysis, Conte et al. showed that in a population of subjects
admitted to San Raffaele University Hospital emergency depart-
ment EAT attenuation was predictive of critical illness, while EAT
volume was not [25]. Similarly, Iacobellis et al., in a sample of 41
patients admitted for COVID-19, showed that patients with severe
and critical COVID-19 had significantly greater EAT attenuation as
compared to subjects with mild and moderate COVID-19 [9].
However important differences with those studies should be

noted and could partially justify discrepancies. In fact, our population
was limited only to critically ill subjects in ICU and not unselected
COVID-19 positive subjects admitted to the emergency department.
Conte et al. found that EAT attenuation was significantly, although
weakly, related with systemic inflammation as evaluated by CRP. On
the contrary, in our population, IL-6 was not related to EAT density,
whilst a relation with EAT volume was observed, partially explaining
higher mortality observed in the highest EAT volume tertile. This is in
line with Abrishami et al., who, in a population of 100 subjects,
observed an association between EAT volume, CRP and more severe
COVID-19 course in obese subjects [26]. Moreover, according to with
previous reports [27], we found that EAT density was inversely
related to age, which partially explains the lack of association with
mortality observed in our population.
Even after adjustment for potential confounders, subjects in the

highest tertile of EAT volume showed a 4 times increased risk of
pulmonary embolism. 13 subjects out of 46 in the highest tertile of
EAT volume presented pulmonary embolism, corresponding to
28.2% and an association between the quantity of this adipose
depot and increased thromboembolic risk can be hypothesized.
This percentage decreased to 21.7% and 6.5% in subjects in the
second and first tertile, respectively. A study by Mazzocolli
et al. [7]. carried out on 77 patients showed that patients with a
higher amount of EAT had an increased risk of developing
idiopathic deep vein thrombosis compared to controls.
In our population, we observed higher IL-6 in subjects in the

highest tertile of EAT volume. EAT should be considered to all
effects as intrathoracic VAT [28]. Similar to abdominal visceral
adipose tissue, EAT produces high amounts of inflammatory
cytokines which, in patients affected by COVID-19, can determine
an increased prothrombotic risk and facilitate the onset of
pulmonary embolism.
The increased expression of Angiotensin-converting enzyme 2

(ACE2) observed in VAT, including EAT, make this extrapulmonary
depot a susceptible point for SARS-CoV-2 infection within lung tissue.
COVID-19 is commonly complicated by coagulopathy, dissemi-

nated intravascular coagulation and pulmonary embolism

associated with a severe inflammatory state [29] leading to higher
mortality. Likewise, obesity is highly related with a hypercoagulo-
pathy status.
VAT depots, including EAT, are characterized by systemic

oxidative stress, leading to the loss of the antithrombotic
properties of the endothelium, increased platelet activation and
decreased fibrinolysis [30]. Viral infection and proinflammatory
cytokines production from VAT depots synergistically contribute
to vascular endothelium, platelets and other circulating vascular
cells stimulation, thereby promoting the upregulation of procoa-
gulant factors and adhesion molecules and concomitant down-
regulation of anticoagulant regulatory proteins, increased
thrombin generation and enhanced platelet activation [31].
We found that subjects with low EAT density were at higher risk

of pulmonary embolism. This finding can be explained by the fact
that CT measured AT density is related to adipocyte hypertrophy
and hyperplasia following excess lipid accumulation. Increased
adipocytes weight and size is in fact associated with higher
inflammation, increased cardiometabolic and prothrombotic risk.
Moreover EAT is anatomically close to the pulmonary artery and

may potentially enable the diffusion of proinflammatory cytokines
into pulmonary circulation with paracrine and vasocrine con-
sequences on lung tissue and circulation [32]. We can therefore
hypothesize that EAT may act as an important SARS-CoV-2
reservoir [3] and promote local viral shedding in the thoracic
region, thereby facilitating pulmonary damage and also pulmon-
ary embolism [33], and resulting in an additional increase of
mortality in subjects with severe COVID-19.
Some limitations need to be mentioned. Firstly, this is a single-

center observational prospective study with relatively small
number of subjects and we used arbitrary categorization in
tertiles that leads to a loss of power when examining predictor-
outcome associations. Therefore, the threshold that we obtained
dividing the study sample by tertiles cannot be generalized to
other populations. Secondly, patients were treated with different
protocols, influencing mortality rates. Thirdly, the study sample
size precludes meaningful exploration of the association of
wasting with specific disease entities and comorbidities. Finally,
our analysis was limited to the population in which pulmonary
embolism was clinically suspected and CT was performed on the
basis of either worsening hypoxia or acute cor pulmonale, which
may have resulted in selection bias.
As the SARS-CoV-2 may continue to spread worldwide, clinicians

should identify subjects at higher risk for unfavorable health
outcomes. Our results cannot be generalized and must be
considered with caution, but if confirmed in wider populations,
moderately to severely ill hospitalized COVID-19 patients with high
EAT volume and lower EAT density could benefit from prophylactic
or therapeutic heparin [34]. Moreover, considering that multiple
studies of post-discharge patients with COVID-19 show incidences of
symptomatic venous thromboembolism ranging from
below 1% to 2.5%, extended short-term thrombophylaxis

beyond hospitalization should also be considered in high-risk
population [35].
The use of easily available EAT parameters in critically ill

subjects undergoing standard thoracic CT could help to identify,
monitor and treat subjects carefully at higher pulmonary
embolism and mortality risk, in order to prevent serious life-
threatening consequences and the increase of related
hospital costs.
In conclusion, EAT volume, and not EAT density, was associated

with mortality in subjects admitted to the ICU for severe COVID-
19, independently of general obesity, but when age was included
in the model the relationship was no longer significant.
Subjects in the highest tertile of EAT volume and in the lowest

tertile of EAT density showed respectively a 4- and 3.6-times
increased risk of pulmonary embolism after adjustment for
potential confounders.

Fig. 3 Kaplan–Meier survival curves for all-cause mortality
according to EAT density tertiles. EAT epicardial adipose tissue,
ICU intensive care unit.
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