
^See the Appendix for the full list of researchers from the

Multidisciplinary Aorta Code CardioRed1 Group.

Available online 8 September 2021

REFERENCES

1. Evangelista A, Rabasa JM, Mosquera VX, et al. Diagnosis, management and mortality
in acute aortic syndrome: results of the Spanish Registry of Acute Aortic Syndrome
(RESA-II). Eur Heart J Acute Cardiovasc Care. 2018;7:602–608.

2. Vilacosta I, Ferrera C, Maroto Castellanos LC, Pérez-Villacastı́n J, Bas Villalobos M,
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Epicardial adipose tissue attenuation in admitted

patients with COVID-19

Atenuación de grasa epicárdica en pacientes ingresados
por COVID-19

To the Editor,

Since the outbreak of the acute respiratory syndrome corona-

virus 2 (SARS-CoV-2), the coronavirus disease 2019 (COVID-19)

pandemic has spread worldwide and has caused almost 4 million

deaths while more than 171 million people have contracted the

virus 1 year later.1 It has been previously reported that obesity

increases the risk of COVID-19 complications.2 Obesity not only

indicates increased subcutaneous adipose tissue, but is also

associated with increased visceral ectopic fat, including epicardial

adipose tissue (EAT). It is known that increased visceral fat

distribution promotes chronic proinflammatory, prothrombotic,

and vasoconstrictive states2 and it has been linked to a worse

prognosis in COVID-19 patients.3 Due to its local and systemic

effects, EAT has been proposed as a leading actor in myocardial

inflammation in COVID-19.4,5

Chest computed tomography (CT) examination allows quanti-

fication of adipose tissue and assessment of its metabolic activity

by measuring its radiodensity or attenuation with a quantitative

scale: Hounsfield units (HU). It has been proven that CT

attenuation measured in HU can distinguish the metabolic activity

of adipose tissue; highly active adipose tissue is characterized by

more positive HUs, and hence greater tissue densities.6

Our aim was to investigate the association of EAT attenuation

with the clinical outcomes of COVID-19 infection. We retrospec-

tively analyzed EAT attenuation in chest CT scans performed in

75 patients admitted to our hospital due to COVID-19 infection

between March and May 2020. The decision to perform the CT

scans was made clinically by the treating physician. We compared

EAT attenuation values of COVID-19 patients with those of controls

individually matched for age and sex. All controls were identified

from a prospectively collected database of 3792 patients who

underwent a cardiac CT scan in our hospital. The eligibility criteria

for controls included 256 patients undergoing the test due to chest

pain that were reported as normal (Agatston score = 0, normal

epicardial coronary arteries and no other pathology seen on the CT

scan). After randomly matching for age and sex, we obtained

46 pairs to compare. The study was performed in accordance with

the institutional review board of our center, and there was no

requirement for informed consent due to the retrospective and

observational study design. CT images were analyzed using a state-

of-the-art workstation tool (AW Server, General Electric Health-

care, USA). EAT was considered as all tissue with a HU threshold

between � 190 to � 30 contained within the parietal pericardium.

EAT attenuation was measured as the mean of 3 values obtained by

manually drawing 3 regions of interest: 1 anterior to the great

vessels, 1 in the pericoronary fat, and 1 anterior to the right

ventricle.

Baseline characteristics of the study cohort were mean age

71 � 11 years, 56% male patients, and median in-hospital stay of

15 days. Comorbidities were frequent: 55% of patients had

hypertension, 27% had a history of cancer, and 25% had diabetes

mellitus. A total of 42.7% of patients was overweight and 18.7% obese.

Ten patients required intensive care, all of them with mechanical

ventilation and 18 patients died (24%).

COVID-19 patients had significantly higher EAT attenuation

than controls (�91 HU vs � 105 HU, P < .001, figure 1A). In our

population of cases, we found no differences in EAT attenuation in

patients with different cardiovascular risk factors or comorbidities.

Regarding the laboratory results, we found no correlation between

EAT and any markers (including inflammatory, troponin and D-

dimers). EAT attenuation was higher among patients with bacterial

coinfection and in those requiring intensive care, mechanical

ventilation, and vasopressor support. We found no differences

between survivors and nonsurvivors (figure 1B).

The main factors associated with higher mortality included age,

hypertension, dyslipidaemia, prior cancer, baseline hemoglobin,

total white cell count, D-dimers, troponin, C-reactive protein, and

lactate dehydrogenase levels. Table 1 summarizes their relation-

ship with EAT attenuation values.

Our COVID-19 patients had higher EAT attenuation values than

controls. Among COVID-19 patients, EAT attenuation was higher in

cases with a complicated clinical course: in hemodynamically

unstable patients and among those requiring intensive care and

mechanical ventilation. These findings are compatible with the

hypothesis that EAT could act as a contributor to SARS-CoV-2 entry

into the heart and promote an augmented inflammatory response

causing myocardial complications, suggested by Kim et al.4 Due to

the small population, size we did not perform a multivariable

analysis to explore whether this finding is simply a marker of poor

prognosis or whether it plays an independent role in the clinical

outcome of COVID-19 infection but we found no association

between EAT attenuation and the rest of the variables of poor

prognosis identified in the series. In addition to the small sample,
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our study has other limitations: it is retrospective and single-

center, it lacks adjustment for confounding, and there was no

unified CT protocol. Therefore, our results are difficult to

extrapolate to other populations. However, they bring out an

interesting univariate association between EAT attenuation and

the clinical course of COVID-19 that deserves more research to be

fully understood. They also indicate a feasible and easy-to-

measure marker available from chest CT that is rarely used in

clinical practice and that shows potential to provide prognostic

information.
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Table 1

Relationship between epicardial adipose tissue attenuation and variables

associated with mortality

Yes No P

Qualitative variables

Hypertension � 91.7 � 19 - 93 � 15 .7

Dyslipidemia � 89.9 � 16 -94.3 � 19 .2

Cancer � 94.6 � 22 -91.5 � 16 .5

Correlation coefficient P

Quantitative variables

Age, y r = � 0.155 .183

Hemoglobin, mg/dL r = � 0.122 .298

White cell count, 109/L r = 0.009 .936

Lactate dehydrogenase, U/L r = 0.108 .397

D-dimers, ng/mL r = 0.106 .401

Troponin, ng/L r = 0.179 .310

C-reactive protein, mg/L r = 0.011 .929

r, Spearman’s rank correlation coefficient; r, Pearson correlation coefficient.

Figure 1. EAT attenuation values among different subgroups. A: differences in EAT attenuation between COVID-19 patients and controls. B: relationship between

EAT attenuation and prognosis. COVID-19, coronavirus disease 2019; EAT, epicardial adipose tissue; HU EAT, Hounsfield Units in the epicardial adipose tissue.

* = P < .005.
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Cardiovascular events after COVID-19 hospitalization:

long-term follow-up

Eventos cardiovasculares tras la hospitalización por COVID-19:
seguimiento a largo plazo

To the Editor,

Multiple deleterious cardiovascular effects produced by coro-

navirus disease 2019 (COVID-19) have been reported, affecting

both the heart and the systemic vascular endothelium.1,2 This is

reflected by the frequent and varied cardiovascular manifesta-

tions described in the acute phase of the disease.3,4 However,

there are limited data on its manifestations in the mid- and

long-term.

To analyze the cumulative incidence of major cardiovascular

events (MACE) during the first year after hospitalization for COVID-

19, we performed a prospective analysis of all patients discharged

following COVID-19 hospitalization in a center of excellence

between 10 March and May 4, 2020 and followed up until 18 April

2021. Patients were deemed to have COVID-19 on the basis of

clinical signs and symptoms compatible with the disease and

positive polymerase chain reaction for severe adult respiratory

syndrome coronavirus type 2 (SARS-CoV-2).

MACE included acute coronary syndrome, cerebrovascular

event, venous thromboembolic disease (VTED), hospitalization

for heart failure, and cardiovascular death. Survival analysis was

performed with a Kaplan-Meier model followed by Cox regression

analysis that included the variables with a heterogeneous

distribution between the groups with and without events to

analyze the factors associated with events. The study was

approved by a research ethics committee, who waived the need

to obtain informed consent in light of the ongoing epidemic.

The analysis included 673 patients (53.9% men; mean age,

66.7 � 15.8 years). The prevalence of cardiovascular risk factors was

high: 17.9% were smokers, 30.3% had diabetes, and 20.8% were obese.

Among the different comorbidities analyzed, the most prevalent were

cardiac comorbidities (23.1%).

The baseline population characteristics and the main details of

the COVID-19 hospital admissions are reported in table 1.

Most of the patients were symptomatic for at least 1 week

before their admission (56.2%), and the most common radiological

pattern was bilateral consolidation (72.6%). During hospital stay,

most of the patients had some degree of acute dyspnea, although

only 2.4% required invasive mechanical ventilation. All patients

received some form of treatment for the infection, the most

common being hydroxychloroquine (93.3%). The mean hospital

stay was 9.3 � 6.2 days.

Table 1

Population characteristics

Whole population

(n = 673)

Patients without

combined event

(n = 633)

Patients with

combined event (n = 40)

P

Baseline characteristics

Age, y 66.7 � 15.8 66.2 � 15.7 75.5 � 15.0 < .001

Male sex 363 (53.9) 343 (54.2) 20 (50.0) .606

Hypertension 363 (53.9) 338 (53.4) 25 (62.5) .263

Diabetes mellitus 125 (18.6) 117 (18.5) 8 (20.0) .815

Dyslipidemia 238 (35.4) 221 (34.9) 22 (42.1) .330

Smoking 94 (14.0) 88 (13.9) 6 (15.0) .846

Obesity 99 (14.7) 94 (14.9) 5 (12.5) .681

Ischemic heart disease 52 (7.7) 45 (7.1) 7 (17.5) .017

Heart failure 50 (7.4) 41 (6.5) 9 (22.5) < .001

Atrial fibrillation 54 (8.0) 46 (7.3) 8 (20.0) .004

Cerebrovascular disease 46 (6.5) 39 (6.2) 12 (17.5) .022

Dementia 43 (6.4) 35 (5.5) 8 (20.0) < .001

Liver disease 16 (2.4) 14 (2.2) 2 (5.0) .264

Chronic kidney disease 54 (8.0) 47 (7.4) 7 (17.5) .023

Renal replacement therapy 7 (1.1) 6 (1.0) 1 (2.5) .451

Chronic obstructive pulmonary disease 39 (5.8) 31 (4.9) 8 (20.0) < .001

Asthma 30 (4.5) 28 (4.4) 2 (4.8) .864

OSAHS 42 (6.3) 41 (6.5) 1 (2.4) .312

History of cancer 55 (8.1) 49 (7.8) 6 (14.0) .266

Previous institutionalization 107 (15.9) 93 (14.7) 24 (35.0) .001
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