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Abstract
Biological cardiac injury related to the Severe Acute Respiratory Syndrome Coronavirus-2 infection has been associated 
with excess mortality. However, its functional impact remains unknown. The aim of our study was to explore the impact 
of biological cardiac injury on myocardial functions in patients with COVID-19. 31 patients with confirmed COVID-19 
(CoV+) and 16 controls (CoV−) were prospectively included in this observational study. Demographic data, laboratory 
findings, comorbidities, treatments and myocardial function assessed by transthoracic echocardiography were collected and 
analysed in CoV+ with (TnT+) and without (TnT−) elevation of troponin T levels and compared with CoV−. Among CoV+, 
13 (42%) exhibited myocardial injury. CoV+/TnT + patients were older, had lower diastolic arterial pressure and were more 
likely to have hypertension and chronic renal failure compared with CoV+/TnT−. The control group was comparable except 
for an absence of biological inflammatory syndrome. Left ventricular ejection fraction and global longitudinal strain were 
not different among the three groups. There was a trend of decreased myocardial work and increased peak systolic tricuspid 
annular velocity between the CoV− and CoV + patients, which became significant when comparing CoV− and CoV+/TnT+ 
(2167 ± 359 vs. 1774 ± 521%/mmHg, P = 0.047 and 14 ± 3 vs. 16 ± 3 cm/s, P = 0.037, respectively). There was a decrease 
of global work efficiency from CoV− (96 ± 2%) to CoV+/TnT− (94 ± 4%) and then CoV+/TnT+ (93 ± 3%, P = 0.042). In 
conclusion, biological myocardial injury in COVID 19 has low functional impact on left ventricular systolic function.

Keywords COVID-19 · SARS-CoV-2 · Speckle tracking echocardiography · Strain · Myocardial work.

Abbreviations
CT  Computed tomography
hs-TnT  High-sensitivity troponin T

IQR  Interquartile ranges
LS  Longitudinal strain
TTE  Transthoracic echocardiography
RT-PCR  Real-time reverse transcriptase–polymer-

ase chain reaction
SARS-CoV-2  Severe acute respiratory syndrome 

coronavirus-2
TAPSE  Tricuspid annular plane systolic excursion

Introduction

The pathophysiology of the Severe Acute Respiratory Syn-
drome Coronavirus-2 (SARS-CoV-2) infection is still poorly 
understood. Although lung involvement has all the usual 
characteristics of a severe acute respiratory syndrome, the 
natural history of infection goes beyond the simple respira-
tory failure. The intense systemic inflammatory stimuli that 
occurs after the viral replication phase is a major contributor 
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to the systemic effects of the disease [1] and their conse-
quences in terms of morbidity and mortality.

Myocardial injury, manifested by an increase in troponin, 
has been reported in 8 to 20% of infected patients [2–4], 
reaching 31% in the most severe patients [2, 5], and is asso-
ciated with excess mortality [4, 5]. Although myocardial 
injury has been linked to the severity of inflammation [5], 
the exact mechanism of the myocardial injury that may 
accompany the infection remains unknown. Many argu-
ments suggest a type 2 myocardial infarction via an oxygen 
supply/demand imbalance mechanism alone attributable to 
the cytokine storm. Alternatively, cardiovascular risk factors 
such as diabetes and hypertension, as well as coronary or 
cerebral cardiovascular history, have been associated with 
severe forms of infection [6–8]. Consequently, cytokine 
storm could lead to atherosclerotic plaque instability and 
rupture [9] (i.e. type 1 myocardial infraction). On the other 
hand, the supposed affinity of the virus for the myocardial 
angiotensin-converting enzyme 2 receptors [10] could lead 
to direct inflammation of the myocardium as suggested 
by several articles reporting acute/fulminant myocarditis 
[11–13].

However, to date, although there is a link between 
increased troponin and myocardial dysfunction through the 
increase in natriuretic peptides [5], the real segmental and 
global functional impact of the infection on the myocar-
dium remains unknown. Complete cardiac data on infected 
patients, such as electrocardiography, echocardiography, 
coronary angiography and magnetic resonance imaging are 
missing [9].

The objective of this study was to perform cardiac imag-
ing phenotype of Coronavirus Disease 19 (COVID-19) 
infected patients to assess the impact of the infection on 
myocardial work and function.

Methods

Study participants

Patients admitted to Rangueil Hospital of Toulouse Univer-
sity for dyspnea or chest pain with suspected COVID-19 
disease were included in this prospective cohort study from 
April 6, 2020, to May 1, 2020. Data were collected in con-
secutive patients referred to either the medical unit or the 
intensive care unit for COVID-19. All patients underwent 
collection specimens from the upper respiratory tract by 
real-time reverse transcriptase–polymerase chain reaction 
(RT-PCR) testing for the SARS-COV-2, chest computed 
tomography (CT), cardiac biomarkers, including high-sen-
sitivity troponin T (hs-TnT) and NT-proBNP, electrocardiog-
raphy and transthoracic echocardiography (TTE) at admis-
sion, as part of the standard of care. Diagnosis of COVID-19 

was retained in the presence of an evocative chest CT and 
a positive RT-PCR for COVID-19 or an evocative chest 
CT in the presence of a negative RT-PCR for COVID-19 
after ruling out other common respiratory viral and bacte-
rial infections [14]. Biological cardiac injury was defined 
as blood levels of hs-TnT above the 99th -percentile upper 
reference limit, regardless of new abnormalities in electro-
cardiography and TTE. Patients were then categorized into 3 
groups based on the presence of COVID-19 infection and/or 
biological cardiac injury: patients without COVID-19 infec-
tion and without biological cardiac injury (CoV−), patients 
with COVID-19 infection without biological cardiac injury 
(CoV+/TnT− and patients with COVID-19 infection with 
biological cardiac injury (CoV+/TnT+).

Patients with history of heart disease and atrial fibrillation 
were excluded from the study.

The vital status of the patients was collected 3 months 
after discharge from the hospital by a phone call.

The study has been notified to national ethics committees 
as appropriate (protocol number ID-RCB: 2020-A00852-37, 
positive endorsement of the protection of persons commit-
tee West IV dated April 8, 2020) and to the French Data 
Protection Agency. The study has been registered with Clini-
caltrials.gov NCT04358952. The investigation conforms to 
the principles outlined in the Declaration of Helsinki. All 
patients or their beneficiaries were informed of the study 
and gave their consent.

Data collection

The demographic characteristics (age and sex), clinical data 
(symptoms, comorbidities, treatments) and laboratory find-
ings for patients during hospitalization were collected from 
electronic medical records and entered into the database by 
2 investigators. Cardiovascular risk factors included hyper-
tension, diabetes, hypercholesterolemia, previous or current 
smoking and obesity (defined by a body mass index ≥ 30 kg/
m²). Arterial blood pressure was measured and collected at 
the time of TTE. Electrocardiography and TTE were per-
formed by 3 investigators and analyzed by 2 independent 
investigators blinded to the clinical characteristics of the 
patients.

Transthoracic echocardiography

Transthoracic echocardiography was performed with 
either a Vivid E95 or Vivid S70 ultrasound system 
(GE Healthcare) using a 3.5 MHz transducer, allowing 
archiving acquisitions for a deferred analysis. Doppler, 
M-mode and two-dimensional gray scale echocardiog-
raphy including the three standard apical views (four-, 
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three- and two-chambers) using high frame rates (> 60 
frames/s), pulsed-Doppler transmitral inflow and left ven-
tricular outflow and pulsed-Doppler tissue imaging lateral 
mitral and tricuspid annular velocities were performed 
for each patient with simultaneous arterial blood pressure 
recording.

Images analysis

Image analysis was performed offline using the offline 
EchoPAC V.202 software (GE Medical Systems). Two-
dimensional and Doppler echocardiography measure-
ments and quantification were performed according to the 
American Society of Echocardiography and the European 
Association of Cardiovascular Imaging guidelines [15, 
16]. The following measurements were collected: diastolic 
parameters, including peak early (E) and late (A) diastolic 
mitral inflow velocities, E/A ratio, deceleration time, lat-
eral mitral annular diastolic velocity (Ea), peak systolic 
tricuspid annular velocity and tricuspid annular plane sys-
tolic excursion (TAPSE). All Doppler measurements were 
made over three cardiac cycles and averaged. Left ventric-
ular end-diastolic and -systolic volumes, and ejection frac-
tion were measured using the modified biplane Simpson’s 
method from apical two- and four-chambers views. Longi-
tudinal strain (LS) was calculated using two-dimensional 
speckle tracking from greyscale images and the automated 
function imaging technique from the apical four-chambers, 
two-chambers and three-chambers views [17]. Strain val-
ues from all segments were averaged to obtain the global 
LS. Myocardial work was calculated from left ventricular 
LS and an estimated left ventricular pressure curve as pro-
posed by Russell et al. [18]. After calculating global LS, 
indicating the time of aortic and mitral valve events by 
echocardiography and inserting values of arterial blood 
pressure, the software derived non-invasive pressure-strain 
loop. Peak systolic left ventricular pressure was assumed 
to be equal to the peak systolic blood pressure. Strain and 
pressure data were synchronized using the onset R wave 
on electrocardiogram as a common time reference. Myo-
cardial work was calculated by integrating the power over 
time from mitral valve closure until mitral valve opening. 
Wasted work was defined by the work performed by the 
myocardium during segmental elongation, and construc-
tive work by the work performed during segmental short-
ening represented. During isovolumetric relaxation, this 
definition was reversed such that myocardial work during 
shortening was considered wasted work and work during 
lengthening was considered constructive work. Work effi-
ciency was then calculated as constructive work divided by 
the sum of constructive and wasted works. A “bull’s-eye” 

plots illustrating segmental and global LS, work index and 
work efficiency were automatically generated.

Statistical analysis

Continuous variables were tested for normal distribution 
using the Kolmogorov–Smirnov test and expressed as 
mean ± standard deviation. Laboratory findings and number 
of cardiovascular risk factors were not normally distributed, 
and results are, therefore, presented as medians with inter-
quartile ranges (IQR). Nominal values were expressed as 
numbers and percentages. Group comparisons were made 
using nonparametric Kruskal–Wallis or Mann-Whitney rank 
sum tests when appropriate for continuous variables; and χ2 
or Fischer exact tests when appropriate for categorical vari-
ables. Relationships between variables were assessed using 
Spearman correlation analysis and expressed by R. Differ-
ences were considered statistically significant for P-values of 
< 0.05. All analyses were performed using standard statisti-
cal software SPSS version 20 (SPSS Inc., Chicago, Illinois).

Results

We excluded 6 and 2 patients with history of heart disease 
and atrial fibrillation, respectively; 5 patients because of 
inadequate image quality for speckle tracking analysis, and 
4 patients for prone position ventilation. Finally, 31 patients 
with COVID-19 and 16 controls were included for final 
analysis.

Baseline characteristics

Table  1 presents demographic characteristics by group 
according to the presence of SARS-CoV-2 infection and/
or biological cardiac injury. Among the 31 patients with 
COVID-19 included in the study, all had bilateral pneumonia 
on chest computed tomography; 21 (68%) required invasive 
mechanical ventilation and were admitted to intensive care 
unit (ICU). 13 (42%) exhibited myocardial injury as indi-
cated by elevated hs-TnT levels. hs-TnT ranged from 15 to 
79 µg/L. On admission, none showed evidence of acute myo-
cardial infarction, thromboembolic diseases, or chronic liver 
disease. No difference was found concerning cardiovascular 
risk factors: 1 [0–2], 0 [0–2] and 0 [1–3] among CoV−, 
CoV+/TnT− and CoV+/TnT+, respectively (P = 0.076). 
Patients CoV+/TnT + were older, had lower diastolic arte-
rial pressure and were more likely to have hypertension and 
chronic renal failure, which were associated with a trend for 
presenting diabetes. Inotropic and/or vasopressor support 
was present in 4 (22%) CoV+/TnT− and 5 (38%) CoV+/
TnT + patients (P = 0.433). Biologically, in addition to the 
cardiac injury, CoV+/TnT + had higher level of NT-proBNP 
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Table 1  Baseline characteristics and laboratory and echocardiographic findings of the study population

ACEI angiotensin conversion enzyme inhibitor; ARB angiotensin receptor blockade; eGFR estimated glomerular filtration rate; IQR interquartile 
range; N/A not applicable

CoV− CoV+/TnT− CoV+/TnT+ P-value Post-hoc analysis

(n = 16) (n = 18) (n = 13) 1 vs. 2 2 vs. 3 3 vs. 1

Age, median (range), y 62 ± 16 52 ± 13 66 ± 8 0.015 0.234 0.002 0.203
Male, n (%) 10 (63) 16 (89) 11 (85) 0.143
Body mass index 25.2 ± 3.3 26.6 ± 3.9 27.9 ± 4.3 0.116
Signs and symptoms at admission, n (%)
 Fever 0 (0) 17 (94) 12 (92) < 0.001 < 0.001 1.000 < 0.001
 Cough 2 (13) 16 (89) 9 (69) < 0.001 < 0.001 0.208 0.003
 Shortness of breath 6 (38) 15 (83) 8 (62) 0.023 0.012 0.228 0.272
 Fatigue 3 (19) 12 (67) 8 (62) 0.012 0.007 1.000 0.027
 Chest pain 12 (75) 3 (17) 0 (0) < 0.001 0.001 0.225 < 0.001
 Sore throat 1 (6) 4 (22) 0 (0) 0.110
 Diarrhea 0 (0) 5 (28) 5 (38) 0.029 0.046 0.701 0.011

Chronic medical condition, n (%)
 Hypertension 8 (50) 5 (28) 10 (77) 0.026 0.291 0.011 0.249
 Diabetes 2 (13) 3 (17) 7 (54) 0.022 1.000 0.052 0.041
 Hypercholesterolemia 2 (13) 2 (11) 2 (15) 0.939
 Obesity 2 (13) 3 (17) 4 (31) 0.228
 Cerebrovascular disease 1 (6) 0 (0) 1 (8) 0.513
 Chronic renal failure 0 (0) 0 (0) 7 (54) < 0.001 N/A 0.001 0.001
 Chronic obstructive pulmonary disease 2 (13) 1 (6) 3 (23) 0.353
 Sleep disordered breathing 1 (6) 1 (6) 3 (23) 0.231

Smoking habits, n (%)
 Current smoking 2 (13) 0 (0) 1 (8) 0.322
 Previous smoking 2 (13) 4 (22) 1 (8) 0.505

Medication at admission, n (%)
 ACEI or ARB 5 (31) 4 (22) 7 (54) 0.179
 Beta-blockers 1 (6) 0 (0) 2 (15) 0.224
 Calcium channel blockers 4 (25) 2 (11) 5 (38) 0.203
 Aspirin 3 (19) 0 (0) 1 (8) 0.147
 Statin 4 (25) 1 (6) 2 (15) 0.282
 Insulin 1 (6) 2 (11) 1 (8) 0.873

Systolic arterial pressure (mmHg) 134 ± 21 125 ± 23 125 ± 29 0.628
Diastolic arterial pressure (mmHg) 76 ± 14 71 ± 15 59 ± 11 0.007 0.227 0.034 0.002
Heart rate (bpm) 79 ± 19 77 ± 11 68 ± 15 0.099
Laboratory findings at admission, median (IQR)
 High-sensitivity troponin T, µg/L 8 [0–14] 0 [0–11] 28 [17–45] < 0.001 N/A N/A < 0.001
 NT-proBNP, pg/mL 51 [0–1072] 84 [0–160] 233 [143–1590] 0.002 0.711 < 0.001 0.019
 Creatinine, mg/dL 64 [59–87] 66 [61–81] 121 [89–199] 0.001 0.592 0.001 0.001
 Leukocytes × 106/µL 7.7 [6.3–12.2] 7.6 [4.8–10.5] 6.5 [4.2–6.8] 0.262
 Lymphocytes × 106/µL 2.1 [1.3–3.0] 1.0 [0.9–1.2] 0.8 [0.6–1.1] 0.002 0.004 0.366 0.002
 Platelets × 103/µL 270 [215–324] 206 [158–258] 181 [128–275] 0.019 0.018 0.380 0.020
 Hemoglobin, g/dL 14.2 [12.1–15.2] 13.0 [12.5–14.7] 11.8 [9.3–13.8] 0.013 0.313 0.017 0.010
 C-reactive protein, mg/dL 2.8 [1.0–6.8] 129 [47–214] 131 [91–212] < 0.001 < 0.001 0.631 < 0.001
 Alanine aminotransferase, U/L 24 [20–33] 38 [33–105] 34 [26–47] 0.055
 Aspartate aminotransferase, U/L 27 [24–44] 45 [22–78] 44 [24–68] 0.480

eGFR, mL/min 91 ± 18 99 ± 20 53 ± 28 < 0.001 0.120 < 0.001 0.001
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and lower estimated glomerular filtration rate (CKD-epi), as 
well as lower hemoglobin level. Finally, nine (50%) CoV+/
TnT− and 12 (92%) CoV+/TnT + patients were admitted 
in ICU (P = 0.020). No patient died during hospitalization 
and all patients were still alive 3 months after hospital dis-
charge. The control group was broadly comparable except 
for characteristics defining infection by SARS-CoV2 (clini-
cal symptoms, CRP and lymphocyte count).

Cardiac phenotype by transthoracic 
echocardiography

Transthoracic echocardiographic findings according to the 
presence of SARS-CoV-2 infection and/or biological cardiac 
injury are presented in Table 2. No patients had wall motion 
abnormality.

Left ventricular end-diastolic volume index, ejection frac-
tion and global longitudinal strain by speckle tracking were 
not different among the 3 groups. No patient exhibited right 
ventricular dilatation. There was a trend of decreased myo-
cardial work and increased peak systolic tricuspid annular 
velocity between the CoV− and CoV + group (P = 0.047), 
which became significant when comparing CoV− and 
CoV+/TnT+ (P = 0.037). There was a decrease of global 
work efficiency between CoV− and then CoV+/TnT+ 
(P = 0.007). The left ventricular diastolic function did not 
discriminate between groups, except for the lateral Ea wave, 
which was lower in CoV+/TnT + patients when compared to 
CoV+/TnT− patients (P = 0.008). A summary of the main 
echocardiographic findings according to the presence of 

SARS-CoV-2 infection and/or biological cardiac injury is 
presented in Fig. 1.

Finally, hs-TnT level was correlated with global work 
efficiency (R=-0.383, P = 0.009) but not with left ven-
tricular ejection fraction (R = 0.160, P = 0.234), global 
LS (R = 0.154, P = 0.212) or global myocardial work 
(R = − 0.236, P = 0.114) (Fig. 2). NT-proBNP level was 
not correlated with any of left ventricular systolic function 
parameters (data not shown). Furthermore, there was a trend 
for a slight correlation between C-reactive protein and hs-
TnT level (R = 0.287, P = 0.051).

Discussion

This is the first study showing that SARS-CoV-2 infection 
have little impact on the heart. Even in the presence of car-
diac injury, direct systolic function parameters such as left 
ventricular ejection fraction or global are not altered. Only 
myocardial work indices are impaired by the SARS-CoV-2 
infection with a trend to decrease of global myocardial work 
in case of cardiac injury, as well as a decrease in global work 
efficiency, parameters that depend on the afterload. Finally, 
we show a trend for increase of right ventricular systolic 
function assessed by peak systolic tricuspid annular veloc-
ity between controls and patients with COVID-19, particu-
larly in case of cardiac injury. Despite evidences showing 
the negative prognostic impact of biological cardiac injury 
(i.e. increased troponin) in the presence of SARS-CoV-2 

Table 2  Transthoracic echocardiographic findings of the study population

LVEDV left ventricular end-diastolic volume; TAPSE tricuspid annular plane systolic excursion

CoV− CoV+/TnT− CoV+/TnT+ P-value Post-hoc analysis

(n = 16) (n = 18) (n = 13) 1 vs. 2 2 vs. 3 3 vs. 1

LVEDV index, mL/m2 39 ± 8 40 ± 9 48 ± 17 0.180
Left ventricular systolic function
 Left ventricular ejection fraction, % 64 ± 5 68 ± 6 66 ± 8 0.186
 Global longitudinal strain, % − 20 ± 3 − 19 ± 3 − 18 ± 3 0.277
 Global myocardial work, %/mmHg 2167 ± 359 1922 ± 461 1774 ± 521 0.102
 Global work efficiency, % 96 ± 2 94 ± 4 93 ± 3 0.042 0.285 0.192 0.007

Left ventricular diastolic function
 E velocity, cm/s 69 ± 19 69 ± 12 75 ± 22 0.712
 Deceleration time, ms 276 ± 101 227 ± 41 233 ± 41 0.220
 A velocity, cm/s 76 ± 31 66 ± 24 72 ± 22 0.620
 E/A ratio 1.0 ± 0.5 1.2 ± 0.4 1.1 ± 0.4 0.368
 Ea lateral, cm/s 12 ± 3 13 ± 3 10 ± 3 0.028 0.280 0.008 0.101
 E/Ea lateral ratio 6 ± 3 6 ± 2 8 ± 3 0.118

Right ventricular systolic function
 TAPSE, mm 22 ± 4 20 ± 3 20 ± 4 0.137
 Tricuspid annular S wave, cm/s 14 ± 3 15 ± 3 16 ± 3 0.074
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infection [5, 19, 20], there are, to date, no data on the func-
tional impact of this injury.

Although there may have been warnings of an associa-
tion between ST-segment elevation myocardial infarction 
and COVID-19 [21], the epidemiological series suggested 
rather a decrease in the number of acute myocardial infarc-
tion to a decrease in the use of specialized channels [22, 
23]. Despite biological cardiac injury, our study did not find 
electrocardiographic signs of acute coronary syndrome or 
echocardiographic wall motion abnormality. It appears that 
the increase in troponin is only a consequence of the sever-
ity of the inflammatory syndrome and systemic impairment 

[19], and that heart failure is not at the forefront. However, 
the fact remains that patients with concomitant cardiac dis-
ease and COVID-19 have a poor prognosis compared with 
patients without a history of cardiac disease. The higher 
mortality is not necessarily driven by cardiac etiology [24] 
and reflects incompetent hemodynamic adaptation. Our 
study shows that the direct effects on the myocardium are 
weak, with in particular an absence of repercussions on left 
ventricular ejection fraction and global LS. The effects of 
SARS-CoV-2 infection are manifested at most by an altera-
tion in left ventricular relaxation as shown by the decrease 
of the lateral Ea velocity. In contrast, cardiac involvement is 

Fig. 1  Bull’s-eye representation of longitudinal strain, myocardial work indices, and tricuspid annular S wave according to the presence of 
SARS-CoV-2 infection and/or biological cardiac injury. SARS-CoV-2: severe acute respiratory syndrome coronavirus-2
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accompanied by a decrease in myocardial work indexes. This 
occurs in patients with many cardiovascular risk factors and 
more severe infection as shown by mechanical ventilation, 
decreased diastolic blood pressure, impaired renal function 
and strong biological inflammatory syndrome.

Right ventricular dilatation [25] and systolic function 
[26] have been reported as prognostic factors in COVID-19 
patients. The right ventricle is known to be sensitive to after-
load [27] and its dilatation and alteration of systolic function 
are most often related to an increase in systolic pulmonary 
pressures. As reported in the study by Li and co-authors 
[26], it reflects the severity of the acute respiratory distress 
syndrome associated with the SARS-CoV2 infection and 
explain its prognostic impact. On the other hand, the high 
frequency of coagulopathies and thromboembolic events, 
including pulmonary embolism [28], reported in COVID-19 
patients could explain the prognostic impact of right ven-
tricular dilatation and systolic function and D-dimer [29, 
30]. On the contrary, in our study, we show an absence of 
right ventricle dilatation including in patients with acute res-
piratory distress syndrome. We found a tendency to improve 
right ventricular systolic function in COVID-19 patients, 
particularly in case of cardiac injury, through the increase of 
the tricuspid annular S-wave. This finding could simply be 

the consequence of an initial phase of right ventricle com-
pensation for lung damage in COVID-19.

Finally, the slight functional impact of the biological 
cardiac injury on the myocardium, with regard to its prog-
nostic impact, could be explained either by a type 2 myo-
cardial infarction (oxygen supply/demand imbalance) as 
a consequence of the severity of the infection, or a direct 
inflammation of the myocardium without functional impact. 
Recent findings suggest that SARS-CoV-2 infection could 
facilitate the induction of endotheliitis in several organs 
as a direct consequence of viral involvement [31]. On the 
other hand, a recent autopsy study shows that the presence 
of large amounts of the virus in the heart is accompanied 
by a cytokine response without inflammatory cell infiltra-
tion [32]. Cardiac magnetic resonance imaging studies on 
patients recovered from COVID-19 with cardiac symptoms 
or unexplained elevated hs-TnT confirm the absence of left 
ventricular systolic dysfunction and suggest a mixed mech-
anism showing that cardiac injury in SARS-CoV-2 infec-
tion is associated with myocardial edema and then fibrosis 
[33, 34] with a heterogeneous pattern of late gadolinium 
enhancement including ischemic and non-ischemic patterns 
as myocarditis-like or non-specific mid-wall late gadolinium 
enhancement [35].

Fig. 2  Correlations between 
hs-Troponin T and left 
ventricular systolic func-
tion parameters.GLS global 
longitudinal strain; GMW global 
myocardial work; GWE global 
work efficiency; LVEF left 
ventricular ejection fraction; 
TAPSE tricuspid annular plane 
systolic excursion
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Limitations

The main limitation of our study is that it is a single-site 
and limited sample studies. However, it takes place in a 
teaching hospital of a wild suburban area. Moreover, all 
patients referred to either the medical or the intensive 
care units for COVID-19 were consecutively included. 
This study is therefore representative of a sample of the 
COVID-19 patients and is one of the few to describe the 
left ventricular functional impact of SARS-CoV2 acute 
phase infection using sensitive tools integrating after-load 
such as myocardial work indices.

Finally, our results are to be interpreted in the light of 
the low mortality of our population, which does not allow 
us to conclude that myocardial damage may be more pro-
nounced in more severe patients. Furthermore, the absence 
of short-term impact does not allow to conclude on the 
absence of long-term consequences of cardiac injury dur-
ing infection.

Conclusions

The cardiac injury associated with SARS-CoV-2 infection 
has a low functional impact on the myocardium, essentially 
reflected in a decrease in myocardial work indices, which are 
dependent on left ventricular after-load. The cardiac impact 
of SARS-CoV-2 infection appears to be related to cardiovas-
cular risk factors and the severity of the sepsis.
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