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Coronavirus 2019 disease (COVID-19), caused by SARS-CoV-2, can
lead to cardiac impairment. Possible expressions of cardiac injury in-
clude increased troponin levels, left ventricular dysfunction, and
arrhythmias.1–3 Atrial fibrillation (AF) is a common sequela of critical
illness, with an estimated prevalence of almost 10% in Intensive Care
Unit (ICU) patients, and several studies report worse outcomes in
patients with new-onset AF as compared with their non-AF counter-
parts.3 Information on AF and on left atrial (LA) involvement in
patients with COVID-19 pneumonia is limited, and we aimed to ex-
plore the possible association with mortality in these patients. This
study was conducted from 20 February 2020 to August 2020, in four
centres (Umberto I� ; M.Scarlato; Cardarelli and Monaldi hospitals);
the final date of follow-up was 10 May 2020. All consecutive patients
with positive SARS-CoV-2 test result and laboratory- and TC-
confirmed interstitial pneumonia were included. Clinical, laboratory,
radiological, and ultrasound data were collected. Cardiac injury was
defined as blood levels of cardiac biomarkers (high sensitivity
Troponin I—ECLIA method; hs-TNI) above the 99th percentile
upper reference limit. Left atrial volume was calculated using the bi-
plane area-length method at the apical four-chamber and apical two-
chamber views at ventricular end-systole (maximum LA size) and
indexed for body surface area. Pulmonary artery systolic pressure
(PASP) was calculated by adding the value of right atrial pressure to
the systolic transtricuspid gradient. Clinical and instrumental variables
and outcomes of patients with and without cardiac involvement
were compared. The local ethics committee approved the study and
all individuals gave written informed consent. A total of 280 hospital-
ized patients with COVID-19 pneumonia were included in the final
analysis; mean age was 66.6 years (range, 20–89 years), and 112
(40%) were female. A total of 70 patients had cardiac injury, and
these patients were older [mean age 74.5 (38–89) vs. 56.3 (20–79)
years; P < 0.001] with increased body mass index [mean 29.3 (25.8–
31.4) vs. 26.9 (22.2–28.3); P < 0.001]; had more frequently systemic

hypertension [39 (57.5%) vs. 60 (21.2%); P < 0.001]; had higher levels
of C-reactive protein [mean 99.8 (45.8–130.4) vs. 37.9 (22.2–96.3)
mg/L; P < 0.001], and of D-Dimer [mean 4.9 (3.2–7.3) vs. 2.1 (0.5–
3.4); P < 0.001]; had a higher proportion of multiple ground-glass
opacities in computed tomography findings [49 of 70 patients
(71.2%) vs. 72 of 210 patients (34.7%); P < 0.001] and multiple consol-
idations by lung ultrasound [52 of 70 patients (75.6%) vs. 77 of 210
patients (36.6%); P < 0.001]. By echocardiography, left ventricular
(LV) diameters and ejection fraction were comparable between the
two groups. Conversely, LV mass index and LA volume index were
significantly increased in patients with cardiac injury (Table 1).
Greater proportion of patients with cardiac injury showed AF occur-
rence [28 of 70 (40.0%) vs. 23 of 210 (10.4%); P < 0.0001] and
required invasive or non-invasive mechanical ventilation [45 of 70
(64.2%) vs. 44 of 210 (21%); P < 0.001]. The more common complica-
tion in patients with cardiac injury was acute respiratory distress syn-
drome [47 of 70 (67.1%) vs. 37 of 210 (17.6%); P < 0.001]. Patients
with cardiac injury had higher mortality than those without cardiac in-
jury [34 of 70 (48.5%) vs. 16 of 210 (7.6%); P < 0.0001]. In a multivari-
able Cox proportional hazards model, including clinical data,
laboratory measurements, and echocardiographic indexes with po-
tential impact on prognosis as shown by earlier studies, in the overall
population of COVID pneumonia patients, troponin levels [hazard
ratio (HR), 4.29 (95% CI, 1.85–8.43) P < 0.001], LA volume index
[HR 3.6 (95% CI, 1.15–7.48); P < 0.001], PASP [HR: 3.9; (95% CI,
1.72–6.39) P < 0.001], and AF occurrence [HR: 2.5; (95% CI, 1.22–
5.4) P < 0.001] emerged as independent predictors of in-hospital
death. Variance inflation factors were calculated to identify the sever-
ity of any multi-collinearity issues in the model, and was lower than 3
for all the considered variables.

Our results showed that higher prevalence of AF in patients with
severe COVID-19 pneumonia was associated with higher risk of in-
hospital mortality. Arrhythmias are complex and multifactorial in a
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..COVID-19 patient and may result from metabolic derangements,
hypoxia, acidosis, intravascular volume imbalances, neurohormonal,
and catecholaminergic stress.4,5 Sepsis is characterized by a systemic
process involving inflammatory cytokines and autonomic dysfunction.
Postulated mechanisms of this arrhythmogenesis include autonomic
nervous system-induced calcium entry into cardiac myocytes, spontan-
eous release of calcium from the sarcoplasmic reticulum,6 as well as
possible direct LA injury due to coronary artery disease with small
vessel thrombosis.7 Tachycardia and myocardial injury may themselves
increase atrial arrhythmias and contribute to worse outcomes.1,2

In addition, LA volume index provided independent prognostic in-
formation, incremental to clinical data. In our population of patients
with higher prevalence of arterial hypertension, and increased both
body mass index and LV mass index (independent risk factors for LA
thrombosis),8 LA volume may reflect the duration and severity of
increased LA pressure. In fact, as showed in recent reports,9 in adap-
tation to chronic decreased LV compliance secondary to higher cen-
tral pulse pressure and LV hypertrophy, LA pressure rises, increasing
LA wall tension, and stretching the atrial myocardium. Left atrial
stretch and LV pressure overload are the main stimuli for AF occur-
rence and for secretion of cardiac peptides, levels of which correlated
strongly with survival in different clinical settings.10

More definitive epidemiologic data are needed. Since some of the
therapies empirically used to treat SARS-CoV-2 infections, such as
chloroquine, have known effects on myocyte repolarization, resulting
in increased risk of QT prolongation and subsequent arrhythmias,
and given the high incidence of electrolyte abnormalities in ill
patients,1,2 high vigilance by the treatment teams is required to avoid
iatrogenic harm. Assessment of both LV and LA morphology and

function during the recovery of these patients may represent key
points in the prognostic stratification.
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Table 1 Echocardiographic structural and systolic/diastolic functional indices in COVID patients with and without car-
diac injury

Variables Without cardiac injury (n 5 210) With cardiac injury (n 5 70) P-value

Septal wall thickness (mm) 10.1 ± 2.3 11.9 ± 2.3 <0.01

LV posterior wall thickness (mm) 9.8 ± 1.2 10.8 ± 1.1 NS

LV end-diastolic diameter (mm) 48.6 ± 4.8 49.9 ± 6.7 NS

LV end-systolic diameter (mm) 33.4 ± 3.8 35.4 ± 5.2 NS

LV mass index (g/m2) 89.4 ± 5.8 118.4 ± 6.8 <0.001

Mitral peak E velocity (m/s) 0.62 ± 0.32 0.78 ± 0.3 NS

Mitral peak A velocity (m/s) 0.71 ± 0.32 0.83 ± 0.3 NS

Mitral peak E/A ratio 0.87 ± 0.3 0.93 ± 0.3 NS

E/Ea ratio 6.8 ± 1.3 11.1 ± 2.1 <0.01

LV ejection fraction % 56.3 ± 4.8 54.6 ± 4.7 NS

RV basal tract diameter (mm) 32.2 2.6 35.8 4.2 <0.01

Wall motion score index 1.05 ± 0.3 1.23 ± 0.8 <0.01

Tricuspid Peak E/A ratio 0.9 ± 0.5 0.85 ± 0.5 <0.05

TRV (m/s) 2.9 ± 0.5 3.4 ± 0.6 <0.001

PASP (mmHg) 36.1 ± 5.3 45.8 ± 4.8 <0.001

LA anterior-posterior diameter (mm) 38.8 ± 3.5 42.4 ± 4.6 <0.01

LAVI (mL/m2) 27.2 ± 8.7 33.9 ± 4.9 <0.001

TAPSE (mm) 20.3 ± 4.7 16.4 ± 3.2 <0.01

LA, left atrium; LAVI, left atrial volume index; LV, left ventricle; PASP, pulmonary artery systolic pressure; RV, right ventricle; TAPSE, tricuspid annular systolic plane excursion;
TRV, tricuspid regurgitation velocity.
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