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A B S T R A C T   

Aims: We sought to determine, using advanced echocardiography, the prevalence and type of cardiovascular 
sequelae after COVID19 infection with marked elevation of cardiovascular biomarkers (CVB), and their prog-
nostic implications. 
Methods: All patients admitted from March 1st to May 25th, 2020 to a tertiary referral hospital were included. 
Those with cardiovascular diseases or dead during admission were excluded. Patients with hs-TnI > 45 ng/L, NT- 
proBNP>300 pg/mL, and D-dimer >8000 ng/mL were matched with COVID controls (three biomarkers within 
the normal range) based on intensive care requirements and age, and separately analyzed. 
Results: From 2025 patients, 80 patients with significantly elevated CVB and 29 controls were finally included. 
No differences in baseline characteristics were observed among groups, but elevated CVB patients were sicker. 
Follow-up echocardiograms showed no differences among groups regarding LVEF and only slight differences 
between groups within the normal range. Hs-TnI patients had lower myocardial work and longitudinal strain. 
The presence of an abnormal echocardiogram was more frequent in the elevated CVB group compared to controls 
(23.8 vs 10.3%, P = 0.123) but mainly associated with mild abnormalities in deformation parameters. Man-
agement did not change in any case and no major cardiovascular events except deep vein thrombosis occurred 
after a median follow-up of 7 months. 
Conclusion: Minimal abnormalities in cardiac structure and function are observed in COVID19 survivors without 
previous cardiovascular diseases who presented a significant CVB rise at admission, with no impact on patient 
management or short-term prognosis. These results do not support a routine screening program after discharge in 
this population.   

1. Introduction 

Coronavirus disease 2019 (COVID19) causes a broad spectrum of 
clinical manifestations, ranging from asymptomatic presentation to 
irreversible multiorgan damage and failure leading to death [1]. 

Elevated levels of high-sensitivity troponin I (hs-TnI), N-terminal proB- 
type natriuretic peptide (NT-proBNP), and D-dimer have been described 
in a high percentage of patients being associated with disease severity 
and worse prognosis [2,3]. Cardiac damage has been confirmed both 
from necropsies [4] and imaging studies [5–10], but the underlying 
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1 Dr. Ródenas-Alesina and Dr. Rodríguez-Palomares contributed equally to this work. 

Contents lists available at ScienceDirect 

International Journal of Cardiology 

journal homepage: www.elsevier.com/locate/ijcard 

https://doi.org/10.1016/j.ijcard.2022.04.070 
Received 17 November 2021; Received in revised form 6 April 2022; Accepted 26 April 2022   

mailto:eduard.rodenas@gmail.com
mailto:jfrodrig@vhebron.net
mailto:mbach@vhebron.net
mailto:p.jordan@vhebron.net
mailto:p.jordan@vhebron.net
mailto:cbadia@vhebron.net
mailto:lherrador@vhebron.net
mailto:maringarcia@vhebron.net
mailto:fclau@vhebron.net
mailto:fclau@vhebron.net
mailto:jbaneras@vhebron.net
mailto:iferreir@vhebron.net
www.sciencedirect.com/science/journal/01675273
https://www.elsevier.com/locate/ijcard
https://doi.org/10.1016/j.ijcard.2022.04.070
https://doi.org/10.1016/j.ijcard.2022.04.070
https://doi.org/10.1016/j.ijcard.2022.04.070
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ijcard.2022.04.070&domain=pdf


International Journal of Cardiology 360 (2022) 104–110

105

physiopathology remains unclear. Whether these cardiovascular bio-
markers (CVB) elevation is associated with potentially long-lasting 
cardiovascular abnormalities, a baseline cardiovascular disease, or he-
modynamic imbalances during hospitalization still needs to be defined. 

Right (RV) and left ventricular (LV) systolic dysfunction has been 
associated with COVID19, CVB elevation [5–7,10,11] and higher mor-
tality [5,8]. Thus, an echocardiographic evaluation during hospitaliza-
tion is advised to guide treatment and risk-stratification [11]. After 
discharge, some authors have described cardiovascular abnormalities as 
sequelae in patients with acute CVB rise [12–14]. However, there is no 
evidence about the real impact of these elevations of CVB over cardiac 
function and patient's prognosis at follow-up. 

Therefore, we sought to determine, using transthoracic echocardi-
ography and advanced myocardial deformation techniques, the preva-
lence and type of alterations in cardiac structure and function at 
discharge in patients without previously known cardiac diseases who 
had a significant elevation of CVB in the acute phase of a COVID19 
infection, as well as the impact of these abnormalities on short-term 
prognosis. 

2. Methods 

2.1. Patient selection 

From March 1st to May 25th 2020, 2025 consecutive patients 
admitted to Vall d'Hebron University Hospital in Barcelona, a tertiary 
hospital and referral center for COVID19 in Catalonia (Spain) were 
screened. Patients ≥18 years-old with a COVID19 diagnosis confirmed 
by a positive reverse-transcriptase polymerase chain reaction assay for 
severe acute respiratory syndrome-related coronavirus 2 in respiratory 
tract samples were considered for inclusion. Patients with any elevated 
biomarker were prospectively included as cases (hs-TnI > 45 ng/L, 
above the 99th percentile; NT-proBNP >300 pg/mL, the recommended 
cut off to rule out heart failure [15]; and D-dimer >8000 ng/mL, above 
the 95th percentile in our sample). Patients who died during admission 
or in the first 30 days after discharge were excluded. Patients with a 
reported history of previous heart failure, left ventricle ejection fraction 
(LVEF) <50%, pulmonary hypertension, coronary artery disease, 
inherited or congenital cardiomyopathy, valvular heart disease greater 
than mild, or with any type of cardiac device were also excluded. 

Patients with all three CVB below the prespecified threshold (except 
for D-dimer, for which a cut-off of <1000 ng/ml was used [16]), were 
considered as controls. Each case was matched with a control based 
upon age and if they required intensive care unit (ICU) admission. 
Matching with replacement was used, so more than one case was 
allowed to match the same control if no other similar control was found 
in the sample. 

Baseline demographic variables, comorbidities, need for invasive 
mechanical ventilation, use of vasoactive drugs, laboratory findings, 
medication at discharge, and in-hospital clinical events were obtained 
from electronic records. Clinical events during hospitalization were 
recorded and categorized as ischemic events (myocardial infarction, 
stroke, pulmonary embolism, or deep vein thrombosis) or bleeding 
events (defined as a transfusion of 2 packed red blood cells, a drop in 
more than 2 g/dl, fatal bleeding or bleeding in a critical organ [17]). 
After discharge, patients were followed-up until November 25th 2020, 
at which point the study was considered completed. We reported the 
incidence of major cardiovascular adverse events (MACE), comprising 
all-cause death, admission for heart failure, myocardial infarction (as 
defined in the 4th universal definition of myocardial infarction [18]), 
ventricular arrhythmias, systemic emboli (stroke or peripheral emboli), 
or venous thrombosis (deep vein thrombosis or pulmonary embolism). 
The follow-up was complete for all patients. All patients enrolled pro-
vided their informed consent and the study was approved by the local 
ethics committee (PR(AG)437/2020). Patient were not involved in the 
design of the study. 

2.2. Echocardiographic assessment 

At least 30 days after discharge to allow for recovery from the acute 
infection, all patients underwent a comprehensive echocardiographic 
assessment performed in the Cardiovascular Imaging Department and 
using the same equipment (Vivid E9 or Vivid E95; GE Healthcare, 
Horten, Norway). Four-chambers' dimensions, LV volumes, mass, ejec-
tion fraction (LVEF), RV function, and LV diastolic function were 
assessed as recommended by clinical guidelines [19,20]. Systolic pul-
monary artery pressure was estimated using tricuspid regurgitation peak 
velocity and adding the estimated right atrial pressure based on the 
collapsibility and diameter of the inferior vena cava. 

Advanced myocardial deformation techniques were used to assess 
for subclinical abnormalities. LV global longitudinal strain (GLS) was 
measured using images in 4, 3, and 2-chamber at 50–80 frames per 
second [21]. Peak systolic RV free wall longitudinal strain (RVFWLS) 
was measured using an RV-focused 4-chamber view. Noninvasive 
brachial artery blood pressure using a standard blood pressure cuff was 
obtained at the time of the echocardiographic acquisition to enable 
myocardial work calculation [22], including global work index (GWI) 
and global work efficiency (GWE). Images were analyzed using specific 
software (EchoPAC v. 203, GE Healthcare) by two different cardiologists 
who were blinded to the patient's status. 

To categorize the results, several parameters were dichotomized as 
normal or abnormal based on previously described reference values. 
Pulmonary hypertension (PHT) was considered elevated if tricuspid 
regurgitation velocity was >2.8 m/s or indirect signs of PHT (septal 
systolic shift towards the LV or pulmonary acceleration time < 80 ms 
with mid-systolic notch) were observed. Left atrial (LA) pressure was 
considered to be increased according to the current guideline- 
recommended algorithm [20]. RV enlargement was considered if two 
of the basal, mid, or longitudinal diameters exceeded their reference 
values (41 mm basal, 35 mm mid, and 83 mm for longitudinal RV), and 
with systolic dysfunction (TAPSE <17 mm, RV s' < 9.5 cm/s or RV FAC 
<35%) [19]. To allow for comparisons between groups, the global result 
of the echocardiographic study was also dichotomized as normal or 
abnormal. An echocardiogram was considered abnormal if any of the 
following was found: LVEF <50%, GLS > -16%, RVFWLS >-19% [23], 
GWI <1550 mmHg%, GWE <91% [24], dilated RV, RV systolic 
dysfunction, pulmonary hypertension or an estimated increase in LA 
pressure. 

2.3. Statistical analysis 

Baseline characteristics are shown as absolute numbers and fre-
quencies for categorical variables and as a median and interquartile 
range (IQR) for continuous variables. Normality was assessed using the 
Shapiro-Wilk test, and according to the results t-test for matched pairs or 
two-sided Wilcoxon sign rank-sum test were used for continuous vari-
ables, to account for matching with replacement. For categorical vari-
ables, McNemar's test was used. When comparing patients with 
abnormal echocardiographic results with those with a normal echocar-
diogram, a t-test for independent variables or Wilcoxon rank-sum test 
were used, according to normality, for quantitative variables, and Chi- 
square test or Fisher's test, as appropriate, for categorical variables. 
Multivariate analysis using logistic regression was conducted and the 
odds ratio (OR) with a 95th confidence interval is provided. A Kaplan 
Meier display was elaborated to compare the occurrence of MACE be-
tween patients with normal and abnormal echocardiograms, and Hazard 
Ratio (HR) using unadjusted Cox regression was provided. Statistical 
significance was tested with the log-rank test. A two-tailed p-value 
<0.05 was considered to be significant. All analyses were performed 
using Stata 15.1. 
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3. Results 

The patients' flow-chart is displayed in Fig. 1. From March 1st to May 
25th 2020, 2025 patients with COVID19 infection were admitted, and 
276 exhibited elevated CVB. However, 196 patients were excluded from 
the analysis: 82 patients (29.7%) died during hospitalization, 16 (5.8%) 
died in the first 30 days after discharge, 39 (14.1%) had previous car-
diovascular diseases, 29 (10.5%) refused to be included and 28 (10.9%) 
could not be matched with a control. A total of 80 unique patients with 
elevated CVB and 29 matched-controls were included, conforming 3 
comparison groups (28 pairs for hs-TnI, 33 pairs for NT-proBNP, and 43 
pairs for D-dimer). All of them had symptoms, mostly fever (89%) and 
dyspnea (71.8%), but also diarrhea (24%). The median days after 
admission when the peak values for hs-TnI, BNP and D-dimer were 
registered were 4, 4 and 5 days, respectively. 

3.1. Clinical characteristics 

Demographics and clinical characteristics of patients with elevated 
CVB and controls are displayed in Table S1. The median age was 55.7 
years (IQR: 46.2–66.1 years), 62.7 (53.2–72.1), and 62.7 (55.0–66.8) in 
the hs-TnI, NT-proBNP, and D-dimer groups, respectively, with no dif-
ference with controls. Women were more frequent in the control group 
being only statistically significant in the elevated hs-TnI group (32.1% 
vs 52.4%, P = 0.049) and ICU stay was longer in all groups with elevated 
CVB (P < 0.05). Also, creatinine and C-reactive protein were higher (P <
0.05 for all comparisons), and hemoglobin and lymphocyte count were 
lower (P < 0.05 for all comparisons) in the group with elevated CVB. In 
the hs-TnI and D-dimer group, more patients required invasive me-
chanical ventilation (75.0% vs 19.1% and 69.8% vs 16.7%, P < 0.001, 
respectively), vasoactive drugs (54.6% vs 14.3%, P = 0.013, and 41.9% 
vs 12.5%, P = 0.002, respectively) and had more ischemic events (32.1% 
vs 4.8%, P = 0.004, and 30.2% vs 8.3%, P < 0.001, respectively). Dif-
ferences were non-significant in the NT-proBNP group. 

3.2. Echocardiographic findings 

Echocardiographic follow-up was performed 4.3 months (IQR: 

3.5–5.3) after discharge, and results are displayed in Table S2. There 
was no missing data for conventional echocardiographic measures, but 
GLS could not be measured in 28% patients and RVFWLS was available 
in 56% patients. All patients were in sinus rhythm. No differences were 
seen among groups regarding LVEF, LV or RV diameters, LV mass, or LA 
volumes. Compared to the other 2 groups, patients with elevated hs-TnI 
had a slightly lower TAPSE (20 vs 23 mm, P < 0.001) and RV s' (12 vs 13 
cm/s, P < 0.001). Also, patients with D-dimer elevation, compared to 
controls, presented lower TAPSE (20 vs 23 mm, P = 0.007) with no 
difference in RVFWLS. Patients with elevated hs-TnI exhibited higher E/ 
e’ ratio (8.4 vs 6.8, P = 0.003) and lower GWI (1930 mmHg% vs 2132 
mmHg%, P = 0.028) compared to the rest of the groups. Patients with 
elevated NT-proBNP had worse GLS (− 19.2 vs − 21.2%, P = 0.015), 
similarly as was observed in those with elevated hs-TnI (− 20.3 vs 
− 21.1%, P = 0.078). Patients who presented a pulmonary embolism 
during the index admission (N = 9) did not have worse RV function at 
the follow-up echocardiogram according to any of the parameters 
assessed (P > 0.05 for all comparisons). 

After dichotomizing quantitative variables, 22 echocardiograms 
(20.2% of the global cohort: 19 [23.8%] in cases and 3 [10.3%] in 
controls, P = 0.123) were considered as abnormal (39.3% in the hs-TnI 
group, 25.6% in D-dimer group, and 15.2% in NT-proBNP group, 
Fig. S1). Fig. 2 and Table S3 display the echocardiographic findings. 
Even though differences among groups were non-significant, a tendency 
towards more RV dysfunction (14.3% vs 0%, P = 0.125) and low GWI 
(14.3% vs 0%, P = 0.125) was found in patients with elevated hs-TnI 
when compared to controls. However, as shown in Table S4, of the 22 
patients with an abnormal echocardiogram, the majority had borderline 
alterations in biventricular function: altered myocardial deformation 
mechanics (mainly GWI and GWE) in 10 patients, LVEF <50% in 2 
patients, and just 1 with RV dysfunction. No pericardial effusions were 
found in any group. 

Table 1 displays the clinical and echocardiographic differences be-
tween those with normal and abnormal echocardiographic findings. 
Patients with abnormal echocardiographic findings were more 
frequently male (81.8% vs 54.0%, P = 0.018), required more often ICU 
admission (90.0% vs 68.6%, P = 0.035) and had higher hs-TnI (57 vs 10 
ng/L, P = 0.008). In the multivariate analysis, male sex (OR = 3.80 

Fig. 1. Patient flow-chart distribution. hs-TnI: high-sensitivity troponin I; NT-proBNP: N-terminal pro-B-type natriuretic peptide; COVID19: coronavirus dis-
ease 2019. 
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[1.06–13.6], P = 0.04), ICU admission requirement (OR = 7.42 
[1.13–48.88], P = 0.037) and hs-TnI >45 ng/L (OR = 4.14 
[1.32–13.02], P = 0.015) were associated with an abnormal echocar-
diogram at follow-up. 

From the 109 patients included in the study, 17 patients (15.6%) 
were studied by echocardiography during hospitalization, 6 of which 
(35.3%) presented an abnormal echocardiogram: 1 patient had an LVEF 
of 41%, 4 patients had a GLS > -16% (range − 6%–-13%), 1 had a TAPSE 
<17 mm and 1 had a FAC <35%. All of these parameters normalized in 
the follow-up echocardiogram, except for a patient with LVEF 41%, also 
studied by cardiovascular magnetic resonance (CMR), who was sus-
pected to have a preexistant non-ischemic cardiomyopathy. 

3.3. Follow-up 

After a median follow-up of 7 months (IQR: 6.6–7.5), no patients 
died or were admitted due to heart failure, myocardial infarction, sys-
temic emboli, or ventricular arrhythmias. Deep vein thrombosis was 
diagnosed in 4 patients (3 cases and 1 control) after a median of 27 days 
(IQR: 15–64, Fig. 3). No change in clinical management or treatment 
was based on echocardiographic findings. 

4. Discussion 

To the best of our knowledge, this is the first prospective study to 
report the results of the systematic advanced echocardiographic 
assessment in COVID19 survivors. Our study (Graphical abstract) re-
veals that in patients without previous structural heart disease who 
survive a COVID-19 infection, there is a minimal impact of the infection 
on myocardial structure and function despite having marked elevation 
of CVB during index admission. This is demonstrated by a low preva-
lence of mild echocardiographic alterations (23.8%) with no impact on 
the patient's management or short-term prognosis. Therefore, an indis-
criminate routine echocardiographic study may not be justified in this 

population. 
The existence of image-proven myocardial damage during the acute 

phase of COVID19 is well established and is associated with the eleva-
tion of CVB [11], more severe illness and higher mortality [5,8]. 
Although it may change clinical management in the acute setting [11], 
echocardiographic screening during hospitalization is challenging due 
to personal safety concerns and overwork. In the acute infection, several 
cardiac abnormalities have been described, especially RV systolic 
dysfunction but also low LVEF or impaired LV GLS [5–8,10,25]. The 
cause for CVB elevation is not clear, and may be related to the acute 
inflammatory process, volume overload during the ICU admission, 
increased RV afterload related to pulmonary hypertension in the setting 
of acute respiratory distress syndrome with or without pulmonary 
emboli or microvascular disease. These findings have raised the interest 
in echocardiographic screening after discharge. In our cohort, 35.3% of 
those who had an echocardiogram performed during admission showed 
major abnormalities (LV or RV dysfunction), all of which had resolved at 
the time of echocardiographic follow-up except for one. Altogether, our 
study supports the idea that the rise in CVB and some structural ab-
normalities observed during the acute phase in previously healthy 
subjects reflect hemodynamic imbalances, multiorgan failure severity, 
or transient cardiac damage with no lasting sequelae, in concordance 
with other studies [26]. Nonetheless, if any specific cause for the 
elevation in biomarkers is found, then appropriate follow-up and man-
agement should be performed. 

Four studies have reported so far echocardiographic findings after 
recovering from COVID19. Churchill et al. included 125 patients with an 
echocardiogram performed during in-hospital admission and found that 
22 of them had an LVEF <50%, many of them with hs-TnI > 50 ng/L. 
Among patients with LVEF <50%, only 9 underwent a second echo-
cardiogram after discharge in a non-protocolized manner and 8 had 
normalized their LVEF [9]. Similarly, Daher et al. found no abnormal-
ities in an echocardiogram performed 6 weeks after discharge in 33 
patients. However, these patients had presented a low CVB elevation 

Fig. 2. Distribution of abnormal echocardiographic findings. Each quantitative echocardiographic parameter was dichotomized as normal or abnormal according to 
reference values. Although a tendency towards more RV dysfunction and low GWI in patients with hs-TnI, it did not reach statistical significance (P = 0.125). 
Abbreviations as in Fig. 1; LVEF: left ventricle ejection fraction; RV: right ventricle; GLS: global longitudinal strain; RVFWLS: peak systolic right ventricle free wall 
longitudinal strain; GWI: global work index; GWE: global work efficiency; LAP: left atrial pressure; PHT: pulmonary hypertension signs. 
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during admission [27]. In an all-comer population of 145 hospitalized 
and non-hospitalized patients, with no data regarding CVB, studied 60 
days after the COVID19 diagnosis, Sonnweber et al. described a 3% 
prevalence of LV dysfunction and 10% of pulmonary hypertension [28]. 
Catena et al. described no differences in any conventional echocardio-
graphic parameter between 18 patients with TnI >0.015 and controls, 
but the CVB elevation was only mild, no other CVB were assessed and 
abnormalities in myocardial deformation were not explored [29]. All of 
the above results would be in line with our observations; however, our 
study covers an unexplored area regarding patients with marked 
elevation of biomarkers during admission and also implements strain 

and myocardial work analysis in the evaluation of COVID patients, but 
data regarding reversibility should be interpreted with caution due to 
the small number of abnormal echocardiograms during the acute phase. 

Using CMR, Huang et al. found in 26 recovered patients, with re-
sidual cardiovascular symptoms, a high burden of edema, fibrosis, and 
RV dysfunction [13]. Likewise, another study recruited 29 recovered 
patients with unjustified troponin T elevation during admission and 
found that 30% of patients had inducible ischemia, 69% showed late 
gadolinium enhancement (LGE) and edema, with preserved LV and RV 
function in all cases [14]. The largest CMR study yet published included 
100 patients in the early convalescent phase after COVID19, but only 5% 
had hs-TnT above the 99th percentile. When compared with healthy 
controls from a historical cohort with normal CMR, COVID19 patients 
exhibited prolonged T1 and T2 times reflecting more diffuse fibrosis and 
edema, and LGE (also in 30% of cases) [30]. These findings showing 
mild cardiac involvement with little impact on the right and left systolic 
ventricular function in the acute phase of COVID19 are concordant with 
our results, with a low prevalence of LV or RV dysfunction and mildly 
abnormal subclinical parameters such as myocardial work or deforma-
tion, especially in the group with elevated hs-TnI. This is remarkable in 
our population, with high CVB, given the small percentage of patient 
with elevated CVB in CMR studies. We also suggest that performing a 
systematic echocardiogram does not change the management of these 
patients nor does it predict the presence of cardiovascular events at 
follow-up. 

Considering the increasing prevalence of COVID19, the costs of 
assuming a screening program searching for cardiac sequelae of 
COVID19 would be extremely high, as well as an overwhelming work-
load for cardiac imaging laboratories and outpatients' evaluations. Our 
study demonstrates that a systematic echocardiographic follow-up study 
is not necessary after a COVID infection, not even in those patients who 
presented a significant elevation of CVB. Therefore, serial echocardi-
ography should focus on those patients with previous structural heart 
disease or with persistent symptoms after discharge in whom an echo-
cardiogram could provide relevant information for their management 
and follow-up. 

4.1. Limitations 

Although patients were prospectively included after hospital 
discharge, no protocol was established at the first wave of the pandemic 
period regarding CVB determination, and, thus, hs-TnI, NT-proBNP, and 
D-dimer were only ordered according to the clinical judgment, pre-
sumably in patients with a higher pre-test probability of having a cardiac 
condition. Though a limitation, this fact may have increased the chance 
of finding cardiac abnormalities during follow-up and make our results 
more consistent. Missing data for some echocardiographic parameters 
(GLS, GMW, RVFWLS) may have reduced the statistical power to show 
significant differences. Also, we present data from a single-center study, 
and the sample size may be small, however, our hospital was one of the 
centers throughout the country that treated the most cases of COVID-19 
during the pandemic, so we believe that our results could be extrapo-
lated to the rest of the populations. Despite our sample size may not have 
the statistical power to identify small differences in echocardiographic 
parameters, it is reassuring that only a minority of patients had echo-
cardiographic abnormalities and, when present, these were minor and 
did not impact mid-term outcomes. 

Finally, our results do not apply to patients with previously known 
cardiovascular diseases or to the acute phase of COVID-19 infection. 
However, this was not the aim of the study, since we intended to 
describe the echocardiographic findings and their prognostic value in 
the short-term follow-up in a high-risk population. Because of this short- 
term follow-up, it may not be inferred from our results that late dete-
rioration cannot occur, especially in those patients with subclinical 
abnormalities. 

Table 1 
Comparison of clinical characteristics between patients with an abnormal 
echocardiogram versus those with a normal echocardiogram.   

Abnormal 
echocardiogram(N =
22) 

Normal 
echocardiogram (N =
87) 

P 
value 

Age (years) 62.1 (54.9–66.8) 60.8 (51.3–67.7) 0.695 
Female sex 4 (18.2%) 40 (46.0%) 0.018 
BMI (kg/m2) 27.4 (24.9–31.8) 28.6 (25.8–32.9) 0.269 
Tobacco use 10 (45.5%) 24 (27.6%) 0.106 
Hypertension 11 (50.0%) 38 (43.7%) 0.594 
Dyslipemia 8 (36.4%) 34 (39.1%) 0.815 
Diabetes 6 (27.3%) 18 (20.7%) 0.506 
eGFR <60 mL/min/ 

1.73m2 
3 (13.6%) 8 (9.2%) 0.537 

COPD 2 (9.1%) 13 (15.9%) 0.477 
Cancer 1 (4.6%) 7 (8.1%) 0.574 
ICU admission 20 (90,9%) 59 (68.6%) 0.035 
Days before ICU 

admission 
0 (0–1) 1 (0–3) 0.023 

Days in ICU 15 (9–31) 15 (8–27) 0.811 
Invasive mechanical 

ventilation 
14 (63.6%) 40 (46.0%) 0.139 

Vasoactive drugs* 9 (40.9%) 28 (32.2%) 0.440 
Ischemic event 5 (22.7%) 15 (17.2%) 0.553 
Bleeding event 6 (27.3%) 11 (12.6%) 0.091 
TnI peak (ng/L) 57 (10–184) 10 (4–39) 0.008 
NT-proBNP peak 

(pg/mL) 
152 (121–2430) 240 (99–633) 0.727 

D dimer peak (ng/ 
mL) 

6504 (843–14,247) 2706 (589–12,973) 0.334 

CRP peak (mg/dL) 21.2 (16.5–33) 17.5 (10.2–27.3) 0.055 
Creatinine peak (mg/ 

dL) 
1.1 (0.9–2.3) 0.9 (0.8–1.2) 0.033 

Lowest hemoglobin 
(g/dL) 

9.0 (7.6–11.0) 10.4 (8.8–12.6) 0.033 

Lowest lymphocyte 
count (per mcL) 

0.6 (0.3–0.8) 0.7 (0.5–1) 0.010 

Anticoagulant 9 (40.9%) 22 (25.6%) 0.156 
Aspirin 4 (18.2%) 6 (7.0%) 0.106 
Statins 6 (27.3%) 18 (20.9%) 0.523 
ACEI/ARB/ARNI 8 (36.4%) 26 (29.9%) 0.558 
Beta-blockers 4 (18.2%) 10 (11.6%) 0.414 
Calcium-channel 

blockers 
4 (18.2%) 12 (14.0%) 0.618 

Loop diuretics 1 (4.6%) 2 (2.3%) 0.572 
LVEF (%) 59 (54–63) 60 (57–64) 0.092 
TAPSE (mm) 21 (18–22) 22 (19–24) 0.075 
RV s' (cm/s) 12 (10–14) 13 (12–15) 0.020 
Mean E/e’ 6.8 (6.1–9.4) 7.7 (6.3–8.7) 0.973 
SPAP (mmHg) 23 (22–27) 27 (24–31) 0.211 
GLS (%) − 19.2 (− 16.7 to 

− 21.2) 
− 20.5 (− 18.9 to 
− 22.1) 

0.028 

GWI (mmmHg%) 1792 (1516–2287) 2157 (1839–2418) 0.018 
GWE (%) 95 (90–96) 96 (95–97) 0.065 
RVFWLS (%) − 25 (− 22 to − 27) − 25 (− 23 to − 27) 0.564 

hs-TnI: high-sensitivity troponin I; NT-proBNP: N-terminal pro B-type natri-
uretic peptide; BMI: body mass index; eGFR: estimated glomerular filtration 
rate; COPD: chronic obstructive pulmonary disease; ICU: intensive care unit; 
CRP: C-reactive protein; ACEI: angiotensin-converting-enzyme inhibitors; ARB: 
angiotensin II receptor blockers; ARNI: angiotensin receptor-neprilysin 
inhibitors. 
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5. Conclusions 

In COVID19 survivors with no previous cardiovascular diseases, the 
impact on myocardial structure and function evaluated by echocardi-
ography and advanced deformation techniques is minimal even in those 
with elevated CVB during the acute phase. These abnormalities are 
mostly mild and related to myocardial deformation parameters, with no 
impact on patient management or short-term prognosis. These results do 
not support either routine or systematic screening programs after 
discharge in this population. 
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