
Vol.:(0123456789)1 3

The International Journal of Cardiovascular Imaging (2023) 39:77–85 
https://doi.org/10.1007/s10554-022-02706-9

ORIGINAL PAPER

Abnormal echocardiographic findings after COVID‑19 infection: 
a multicenter registry

Sebastián Garcia‑Zamora1   · José M. Picco2 · Augusto J. Lepori3 · Marcela I. Galello4 · Ariel K. Saad5 · Miguel Ayón6 · 
Nancy Monga‑Aguilar7 · Issam Shehadeh8 · Carlos F. Manganiello9 · Cintia Izaguirre10 · Luciano N. Fallabrino11 · 
Matias Clavero12 · Flavia Mansur5 · Sebastián Ghibaudo13 · Daniela Sevilla5,10 · Cesar A. Cado6 · Mauricio Priotti1 · 
Kiera Liblik14 · Natalio Gastaldello5,7 · Pablo M. Merlo5,7

Received: 31 March 2022 / Accepted: 29 July 2022 / Published online: 13 August 2022 
© The Author(s), under exclusive licence to Springer Nature B.V. 2022

Abstract
The Coronavirus Disease 2019 (COVID-19) pandemic has transformed health systems worldwide. There is conflicting data 
regarding the degree of cardiovascular involvement following infection. A registry was designed to evaluate the prevalence 
of echocardiographic abnormalities in adults recovered from COVID-19. We prospectively evaluated 595 participants (mean 
age 45.5 ± 14.9 years; 50.8% female) from 10 institutions in Argentina and Brazil. Median time between infection and evalu-
ation was two months, and 82.5% of participants were not hospitalized for their infection. Echocardiographic studies were 
conducted with General Electric equipment; 2DE imaging and global longitudinal strain (GLS) of both ventricles were 
performed. A total of 61.7% of the participants denied relevant cardiovascular history and 41.8% had prolonged symptoms 
after resolution of COVID-19 infection. Mean left ventricular ejection fraction (LVEF) was 61.0 ± 5.5% overall. In patients 
without prior comorbidities, 8.2% had some echocardiographic abnormality: 5.7% had reduced GLS, 3.0% had a LVEF below 
normal range, and 1.1% had wall motion abnormalities. The right ventricle (RV) was dilated in 1.6% of participants, 3.1% had 
a reduced GLS, and 0.27% had reduced RV function. Mild pericardial effusion was observed in 0.82% of participants. Male 
patients were more likely to have new echocardiographic abnormalities (OR 2.82, p = 0.002). Time elapsed since infection 
resolution (p = 0.245), presence of symptoms (p = 0.927), or history of hospitalization during infection (p = 0.671) did not 
have any correlation with echocardiographic abnormalities. Cardiovascular abnormalities after COVID-19 infection are rare 
and usually mild, especially following mild infection, being a low GLS of left and right ventricle, the most common ones in 
our registry. Post COVID cardiac abnormalities may be more frequent among males.
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Introduction

In March 2020, a new infection caused by severe acute 
respiratory syndrome coronavirus 2 (SARS-CoV-2) was 
declared a pandemic, and the disease spread globally [1]. 
The spectrum of the severity from the novel Coronavi-
rus 19 Disease (COVID-19) ranges from asymptomatic 
to life-threatening infection where pulmonary involve-
ment predominates, resulting in acute respiratory distress 
syndrome. However, as information about COVID-19 is 
further elucidated, cases of cardiovascular involvement 
have emerged, both during infection and following reso-
lution [2–4]. Further, certain reports have suggested that 
the majority of patients following COVID-19 infections 
suffer some kind of cardiac sequelae, regardless of disease 
severity [5].

The SARS-CoV-2 virus binds to the angiotensin con-
verting enzyme (ACE) II receptor, and it has been theo-
rized that this is the gateway to enter the body [6]. ACE 
receptors are mainly expressed in the pulmonary alveoli, 
and the second organ with the highest number of ACE 
receptors is the heart. Notably, cardiac involvement during 
COVID-19 infection increases mortality and is correlated 
with worse outcomes [7–12].

In addition to the clinical manifestations which occur 
during the acute phase of COVID-19, a significant number 
of publications have described the persistence of symp-
toms and alterations after the microbiological recovery 
from COVID‐19 [13–15]. This phenomenon has been 
called post-COVID syndrome, with a wide prevalence 
across diverse cohorts [16, 17]. For example, it has been 
suggested that silent myocardial injury may occur after 
COVID-19, even among patients who remained asympto-
matic during and after acute infection [5, 18].

To date, there are millions of individuals who have 
recovered from COVID-19 who may be evaluated for 
long-term cardiovascular sequelae. Additionally, echocar-
diogram is a widely available and relatively inexpensive 
method for assessing structural and functional character-
istics of the heart. We aimed to explore the prevalence of 
echocardiographic cardiac abnormalities in ambulatory 
patients after recovery of a first documented COVID-19 
infection.

Materials and methods

Study population

An observational registry was implemented at nine cent-
ers in Argentina and one in Brazil between November 

2020 and February 2021, following the first wave of the 
COVID-19 pandemic in both countries. Adult patients 
(> 18 years old) who were scheduled to receive a Doppler 
echocardiogram after a confirmed COVID-19 infection 
were included, regardless of the reason for the test or the 
time elapsed since recovery, based on a non probability 
sampling. Patients with a suboptimal apical ultrasonic 
window where two or more myocardial segments were 
not correctly followed for global longitudinal strain (GLS) 
analysis were excluded from the registry. Similarly, those 
patients with irregular rhythms or high heart rate where 
reconstruction of a bull’s eye plot of the left ventricular 
GLS was not possible were also excluded. We prospec-
tively and consecutively included 595 participants who 
recovered from a COVID-19 infection with an average age 
of 45.5 ± 14.9 years, of which 50.8% were female. The 
majority of patients (82.5%) had the disease at home or 
in an out-of-hospital center. Of the patients who required 
hospitalization, 15.3% were in a general ward, 1.9% in 
intensive care without requiring mechanical ventilation, 
and 0.3% required mechanical ventilation during the 
disease. The median time between infection and perfor-
mance of the echocardiographic study was two months 
(interquartile range [IQR] 1–3 months). The minimum and 
maximum ranges between the epidemiological discharge 
of the patients and the echocardiographic examination 
was 15 days and nine months, respectively (see Appendix 
Figure S1).

Trial protocol

A case report form was developed in order to collect demo-
graphic data, pathological personal history, month in which 
COVID-19 infection was diagnosed, and severity of the dis-
ease. All the echocardiographic studies were carried out with 
General Electric echocardiography machines (see Appendix 
Table S1) with an established protocol. All examinations 
were performed by echocardiographers with at least two 
years of experience in the routine performance of GLS. In 
order to reduce the interobserver and the intervendor vari-
ability due to the software used, a single commercial brand 
was used, which previously demonstrated the greatest con-
sistency between the measurements [19, 20].

Cardiovascular imaging

The diameters of the left ventricles were obtained in two 
dimensions (2D) in the left parasternal long axis [21]. The 
right ventricular (RV) diameter was obtained in the apical 
four-chamber view at the level of the tricuspid annulus. 
Pulsed Doppler was performed in the left ventricular inlet 
tract at the level of the mitral free edge to determine ven-
tricular filling pressures, as well as pulsed tissue Doppler in 
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the lateral mitral annulus to estimate the E/e’ ratio [22]. The 
size of the left atrium was determined through indexed atrial 
volume, performed in four and two apical chambers [21]. 
Analysis of myocardial deformation from the left ventricle 
was performed by automatic 2D GLS according to standard 
recommendations [23]. Ventricular-volume, left ventricular 
ejection fraction (LVEF), and GLS parameters were deter-
mined by automatic endomyocardial edge detection with 
the least possible intervention by the operator (automatic 
functional imaging; AFI). The RV function was assessed 
by visual inspection, the tricuspid annular plane systolic 
excursion (TAPSE), and the myocardial deformation (strain) 
which was measured in a RV-focused apical four-chamber 
view, excluding the interventricular septum [24, 25].

For the GLS analysis of both ventricles, a visual assess-
ment of the 2D imaging tracking was made prior to the 
analysis. A manual correction of the endocardial borders 
was allowed to guarantee an appropriate monitoring of all 
analyzed segments. The software used was the one already 
installed in each ultrasound machine, which in all cases 
performed an analysis of the full myocardial wall [19, 20, 
23, 25]. According to the brand and model of the equip-
ment used, a normal GLS value was set for the left ventricle 
above − 18.0% and for the right ventricle above − 20.0% [19, 
20, 25].

Statistical analysis

Continuous variables were reported as means with their 
standard deviations for normally distributed variables or 
median and interquartile range (IQR) for non-normally dis-
tributed variables. Normality was evaluated using graphic 
tools (histograms and normal probability plot) and Shap-
iro–Wilk test. Categorical variables were expressed by abso-
lute values and percentages. For normally distributed vari-
ables, the analysis was performed using the Student's test. 
For non-normally distributed variables, the Wilcoxon rank 
sum test was used. Differences in proportions were evaluated 

by the Chi Square test or Fisher’s Exact test according to the 
frequency of expected values.

After excluding participants with previous cardiovascular 
disease or with any comorbidity, we manually performed a 
multiple logistic regression model in order to investigate 
which clinical variables were associated with presenting any 
abnormality on the echocardiogram. Once the final model 
was obtained, its predictive capacity was evaluated by con-
structing a Receiver Operating Characteristic (ROC) curve. 
A two-tail p-value < 0.05 was considered statistically sig-
nificant in all cases. STATA version 13.0 (StataCorp. 2013. 
Stata Statistical Software: Release 13. College Station, TX: 
StataCorp LP.) was used for the analyses.

Results

Study population and baseline clinical 
characteristics

The reasons for echocardiographic evaluation included: 
persisting or new symptoms after disease recovery (61.7%), 
patient fear of suffering from a cardiac disorder due to 
COVID (30.5%), and monitoring of pre-existing cardiovas-
cular pathology (7.8%). At the time of the study, 58.2% of 
the participants were asymptomatic. Among patients who 
reported symptoms following COVID-19 recovery, the most 
frequently reported was dyspnea (47.4%), followed by mild 
symptoms such as asthenia, arterial hypertension or palpi-
tations (32.9%), 12.9% referred chest pain, 6% of patients 
reported dyspnea and chest pain, and 0.8% reported various 
other symptoms.

The mean body mass index in the patients was 
26.8 ± 4.8 kg/m2, and 61.7% of the participants denied any 
relevant medical history. The most frequent comorbidity was 
arterial hypertension (28.6%). Table 1 summarizes the char-
acteristics of the included patients.

Table 1   Characteristics of the 
study population, according 
to sex

Characteristics Overall (n = 595) Female (n = 302) Male (n = 293) “p”

Body mass index (kg/m2) 26.8 ± 4.8 26.3 ± 5.3 27.4 ± 4.1 0.005
Arterial hypertension 28.6% 23.2% 34.1% 0.003
Diabetes 6.1% 3.3% 8.9% 0.005
Dyslipidemia 3.5% 2.0% 5.1% 0.046
Smokers 2.5% 3.3% 2.1% 0.180
Former smokers 1.9% 1.0% 2.7% 0.150
Cardiovascular diseases 3.0% 1.7% 4.8% 0.036
Valvular diseases 2.0% 2.0% 2.1% 0.593
Other cardiovascular diseases 3.5% 4.3% 2.7% 0.376
Non cardiovascular diseases 3.9% 4.3% 3.4% 0.573
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Echocardiographic findings

Echocardiographic examination of participants demonstrated 
a mean left atrial volume of 33.1 ± 13.2 ml/m2, and 32.9% of 
the participants had some degree of left atrial enlargement. 
The mean LVEF was estimated at 61.0 ± 5.5%, and 3.7% of 
the participants had a LVEF below 50%. Table 2 summarizes 
relevant echocardiographic findings.

Among patients with reduced LVEF (3.7%), 50.0% of 
them denied a relevant medical history and were unaware of 
this condition. In this subgroup, 90.1% had mildly abnormal 
LVEF (Table 2). The only patient with a moderately abnor-
mal LVEF (0.3%) underwent cardiac magnetic resonance 
(CMR) which confirmed a myocarditis pattern. Abnormal 
wall motions by visual analysis were detected in 4.4% of 
the participants. After excluding those with a history of 
ischemic cardiomyopathy or depressed LVEF, 1.1% of the 
participants presented abnormal wall motions in the left ven-
tricle. GLS had an average value of − 20.6 ±  − 2.7%, and 
12.1% of the participants had a value inferior to − 18.0%. 
After excluding participants with significant cardiovascular 
or clinical comorbidities, as well as those with ventricular 
dysfunction at the time of the examination, 5.7% of the par-
ticipants had a reduced GLS. This finding was more frequent 
among male participants than female participants (11.1% 
versus 1.5%, p < 0.001).

The RV was dilated in 2.2% of the participants; after 
excluding patients with significant cardiovascular or clini-
cal comorbidities, and two high-performance athletes, 1.6% 
of the patients did not have an alternative cause to explain 
this finding. The RV function was depressed in 0.8% of 
the participants; all of them had a TAPSE less than 17 mm 
(mm). It was feasible to analyze the RV free wall GLS from 
77.3% of the participants: among them, 4.6% had a value 
less than − 20.0%. After excluding patients with significant 
cardiovascular or clinical comorbidities, and those with RV 
depressed function, 3.1% of the participants had a low RV 
free wall GLS with no other apparent cause. In this subgroup 
of patients, the mean TAPSE was 25.4 ± 4.2 mm. We did not 
find differences between sex in the frequency of abnormal 
RV free wall GLS (2.1% in female versus 1.8% in male, 
p = 0.527). Three patients with no relevant medical history 
(0.8%) had left ventricular GLS and RV free wall GLS below 
normal limits.

Pericardial effusion was observed in 1.2% of the partici-
pants, but was mild in all cases. No patient with pericardial 
effusion presented reduced GLS, while only one of them 
presented RV free wall GLS less than normal. We found no 
significant differences in LVEF between symptomatic and 
asymptomatic patients (61.4% versus 60.6% respectively, 
p = 0.104). Symptomatic patients showed slightly reduced 
GLS (− 20.3% versus − 20.9%, p = 0.012) with a trend in 

Table 2   Echocardiographic 
findings according to sex

mm millimeter, LVEF left ventricular ejection fraction, TAPSE tricuspid annular plane systolic 11excur-
sion, RV right ventricle, GLS global longitudinal strain

Parameter Overall Female Male “p”

Left ventricular diastolic dimension (mm) 46.1 ± 4.6 44.3 ± 4.1 48.0 ± 4.4  < 0.001
Septal thickness (mm) 9.3 ± 2.8 8.6 ± 2.0 10.0 ± 3.2  < 0.001
Posterior wall thickness (mm) 8.8 ± 1.5 8.1 ± 1.3 9.4 ± 1.4  < 0.001
Left ventricular systolic dimension (mm) 29.8 ± 5.1 28.5 ± 4.2 31.1 ± 5.7  < 0.001
Left atrial volume 33.1 ± 13.2 30.7 ± 11.1 35.5 ± 14.7  < 0.001
Left atrial:
 Mildly abnormal 15.1% 12.9% 17.4% 0.001
 Moderately abnormal 6.9% 7.0% 6.8%
 Severely abnormal 10.9% 6.6% 15.4%

Left ventricular end-diastolic volume 79.1 ± 26.9 68.7 ± 20.8 89.8 ± 28.4  < 0.001
Left ventricular end-systolic volume 34.1 ± 15.6 29.4 ± 12.8 38.9 ± 16.8  < 0.001
Left ventricular ejection fraction 61.0 ± 5.5 61.9 ± 5.7 60.2 ± 5.2  < 0.001
Left ventricular ejection fraction
Mildly abnormal (LVEF 40–52 to 54%) 3.0% 2.7% 3.4% 0.541
Moderately abnormal (LVEF 30–39%) 0.7% 1.0% 0.3%
Mitral E/e’ ratio 7.2 ± 2.3 7.3 ± 2.3 7.2 ± 2.4 0.553
Right ventricular basal diameter (mm) 30.5 ± 6.3 28.6 ± 5.3 32.5 ± 6.5  < 0.001
TAPSE (mm) 23.4 ± 3.4 23.2 ± 3.3 23.7 ± 3.4 0.113
Pulmonary artery systolic pressure (mmHg) [n = 329] 27.9 ± 5.2 27.6 ± 4.8 28.3 ± 5.5 0.210
Global longitudinal strain (− %) 20.6 ± 2.7 21.4 ± 2.6 19.9 ± 2.7  < 0.001
RV free wall GLS (− %) [n = 460] 26.0 ± 4.4 26.1 ± 4.7 25.8 ± 4.2 0.462
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the same direction in the RV free wall GLS (− 25.6% ver-
sus − 26.3%, p = 0.103).

In Table  3 we summarized the echocardiographic 
abnormalities in patients with and without pre-existing 
comorbidities.

Globally, 8.2% of the participants without prior cardio-
vascular disease or significant comorbidities had some echo-
cardiographic abnormality (Fig. 1). New echocardiographic 
abnormalities were more frequent in male patients than 
female patients (OR 2.82, 95% CI 1.46–5.45, p = 0.002). 
Conversely, we did not find any relationship between time 
elapsed from infection to study enrollment (OR 1.11 95% CI 
0.93–1.33, p = 0.245), the presence of symptoms (OR 0.97 
95% CI 0.51–1.83, p = 0.927), or requiring hospitalization 

during COVID-19 infection (OR 1.18 95% CI 0.55–2.51, 
p = 0.671). Through the construction of a ROC curve we 
were able to detect that age as a single variable had a low 
predictive value for new abnormalities in the echocardio-
gram (area under ROC curve of 0.65) (see Appendix Figure 
S2).

Due to the basal differences of the participants (Table 1), 
we developed a multivariable logistic regression model to 
explore the role of male sex to predict any echocardiographic 
cardiac abnormality irrespective of prior characteristics and 
comorbidities. Notably, the difference between sexes remains 
independent and statistically significant after adjusting for 
severity of the infection, time between COVID-19 disease 
and echocardiographic examination, presence of symptoms, 

Table 3   Echocardiographic 
abnormalities according to pre-
existing comorbidities

*For RV a reduced GLS was considered with a value under − 20.0%
LVEF left ventricular ejection fraction, GLS global longitudinal strain, RV right ventricle, PASP Pulmonary 
artery systolic pressure

Echocardiographic finding Non comorbidities 
(61.7%; n = 367)

With comorbidities 
(38.3%; n = 228)

“p”

Mid-range LVEF 2.7% (10) 3.6% (8) 0.572
LVEF below 40% 0.3% (1) 1.4% (3) 0.128
Abnormal wall motions in LV 1.1% (4) 8.8% (20)  < 0.001
Reduced GLS (below −18.0%) 5.7% (21) 21.1% (48)  < 0.001
Dilated RV 1.6% (6) 2.2% (5) 0.630
Reduced RV function 0.27% (1) 1.8% (4) 0.074
Reduced RV GLS (n = 460)* 3.1% (9) 7.2% (12) 0.060
Pericardial effusion 0.82% (3) 1.8% (4) 0.437
PASP (n = 329) 27.3 ± 4.5 mmHg 29.0 ± 5.9 mmHg 0.003

Fig. 1   Summary of echocar-
diographic abnormalities after 
recovery from COVID-19 infec-
tion in patients without prior 
comorbidities
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age, hypertension, diabetes, dyslipidemia, smokes, cardio-
vascular diseases, left atrial volume and diastolic function. 
The estimated OR was 3.72 (95% CI 1.86–7.46, p < 0.001); 
age was the other independent variable that predicted echo-
cardiographic abnormalities (OR 0.96 95% CI 0.94 – 0.99, 
p = 0.004).

Discussion

The main findings of our study were: (i) a relatively low rate 
of echocardiographic abnormalities after a mild COVID-
19 infection; (ii) the most frequent alterations were a left 
ventricular GLS below the normal range, followed by an 
abnormal RV free wall GLS; (iii) the more severe abnormal-
ities (a moderately reduced LVEF and pericardial effusion) 
were seen in less than 1% of participants; (iv) any echo-
cardiographic abnormalities were more frequent in male 
patients irrespective of any other demographic or clinical 
characteristic.

The COVID-19 pandemic has created an enormous 
challenge for health systems around the world. The initial 
demand for the care of acute patients was then compounded 
by care of individuals affected by sequalae following recov-
ery. Since the first literature emerged about COVID-19, 
possible cardiovascular involvement has been identified 
and linked to a worse prognosis [7, 9, 26]. Accordingly, an 
autopsy study from patients who died of COVID-19 reported 
that the virus was documented in the cardiac tissue of 61.5% 
of those studied [26]. Multiple publications have similarly 
identified the role of echocardiography in detecting cardio-
vascular abnormalities during the acute phase of the disease, 
and the prognostic implications of this finding [27–31]. Most 
of the data suggested that RV and LV strain measured by 
speckle-tracking were acceptable parameters to predict poor 
outcomes, including mortality [28–30].

Perhaps the more complex issue is determining the 
true degree of cardiac involvement in individuals recov-
ered after a COVID-19 infection, and related clinical rel-
evance. An initial study found that 78% of the individuals 
recently recovered after a COVID-19 infection presented 
some alteration in the CMR, and 60% presented signs of 
ongoing myocardial inflammation [5]. This study included 
only 100 participants and the main imaging findings were 
alterations in native T2 and T1 mapping. The CMR exami-
nation was performed on average 71 days (interquartile 
range [IQR] 64 to 92 days) after the initial positive test 
for COVID-19 [5]. In contrast, a case series which evalu-
ated 145 young athletes with CMR on an average of 
15 days after being diagnosed with COVID-19 infection 
found alterations compatible with myocarditis in 1.4% of 
them [32]. In this series, there were no participants with 
severe symptoms, and 16.6% of the participants had an 

asymptomatic infection [32]. A systematic review and 
meta-analysis of CMR also found a prevalence of myo-
carditis and late gadolinium enhancement of 14.0% and 
20.5%, respectively, in those recovered from COVID-19 
[33]. However, they included 890 patients from 16 studies 
with high heterogeneity, which limits the generalizability 
of this dataset [34, 35]. Conversely, participants in our reg-
istry have characteristics similar to most people recovering 
from COVID-19 infection.

Previous authors have investigated the cardiac impact of 
COVID-19 infection after recovery with echocardiography. 
Moody et al. performed an echocardiographic examination 
during COVID-19 disease and three months after the first 
transthoracic echocardiography (TTE) [36]. They included 
79 patients, of whom all required hospitalization due to 
COVID infection, and 80% received mechanical ventila-
tion, with the median hospitalization stay of 32 days. At 
follow-up, 29% of the participants presented some echo-
cardiographic alteration, the most frequent being right ven-
tricular dysfunction [36]. Similarly, Tangen et al. evaluated 
92 adults who required hospitalization in Norwegian hos-
pitals, and performed a TTE three months after infection 
[37]. Twenty percent of participants required admission to 
the intensive care unit, and three needed mechanical ven-
tilation. All patients had preserved LVEF, but 6.5% of the 
participants had reduced left ventricle GLS, with no alter-
native explanation, similar to our findings [37]. The authors 
did not observe any right ventricle abnormality and could 
not find a relationship between echocardiographic abnor-
malities and the severity of the infection, as in our study 
[37]. Another study of Baruch et al. with 80 adult patients 
found that approximately three months after recovery 63% 
of the participants had some symptoms, but the LVEF of all 
participants was preserved. However, 25% had a decreased 
GLS, and 8% had an RV GLS below the normal value [38]. 
The findings of this late study are more similar to our study. 
Similar differences can be observed in more recent publica-
tions [39–42], with rates of subclinical ventricular in up to 
one in three hospitalized patients [40]. The most reasonable 
explanation for the discrepancies observed between series of 
post COVID-19 patients are the differences in the severity 
of the patients included in them. Accordingly, our registry 
is novel because a large proportion of included patients were 
not hospitalized for infection, allowing the assessment of the 
impact of a broad spectrum of disease severity. Since the 
beginning of the pandemic it has been described that around 
70–80% of affected individuals have a mild or asymptomatic 
infection [43, 44]. This proportion is similar to the partici-
pants who suffered from a mild infection in our registry. 
An important issue is that despite the differences between 
the studies, all of them show that subclinical alterations 
are the leading form of cardiac post COVID-19 alterations, 
with overt manifestation being less frequent. Our registry 
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reinforces this message, showing that these alterations are 
particularly infrequent after mild disease.

It is notable that although some authors have reported 
major cardiac abnormalities after recovery of COVID-19 
infection, such as depressed LVEF [45], pericarditis, and 
pericardial effusion [46, 47], these findings have not been 
detected in most majority of publications to date [5, 36–42]. 
A possible explanation for these findings is that these are 
predominantly case reports or case series with small sample 
size. Our registry included a large number of patients, which 
has allowed us to document even low prevalence events and 
allows a more precise estimation of the occurrence of these 
complications. Regarding the lack of correlation between 
the presence of symptoms and the echocardiographic abnor-
malities in our study, these findings are in line with prior 
publications [36, 37] whereas other authors inform a positive 
association with subclinical alterations [38]. This last point 
raises questions about the possibility of using the presence 
of symptoms to select which patients will benefit the most 
from a more in-depth cardiovascular examination.

Finally, to the best of our knowledge, the differences in 
echocardiographic abnormalities by sex have not been previ-
ously reported. Although we cannot rule out that it is a spuri-
ous observation, or echocardiographic difference according 
to sexes, it is also possible that some hormonal or unknown 
factors influence this fact. As variations in COVID-19 infec-
tion between sexes has been previously reported [48, 49], 
the impact of these differences on long term follow-up is an 
interesting hypothesis to be explored in the future.

Limitations

Our study has important limitations that must to be con-
sidered when analyzing the results. First, we do not have 
cardiac echocardiographic of the patients prior to COVID-
19 infection, or at the beginning of the disease. So, we were 
unable to confirm that all the abnormal findings were due to 
COVID-19 infection. Nevertheless, most people with mild 
COVID-19 infection haven’t had any other examination but 
the confirmation test of the disease. Second, we do not have 
cardiac echocardiographic studies during the acute period of 
infection, so we have not been able to compare the evolution 
of the abnormalities over time. However, most patients with 
COVID-19 do not receive an echocardiographic examination 
during its hospitalization, due to different reasons, especially 
due to the overload of health systems, with the consequent 
inability to carry out more complex studies on a massive 
scale. Unfortunately, this reality has been more noticeable 
in low- and middle-income countries, such as in our region. 
Third, as we only included people with an adequate ultra-
sonic window, this represents a potential selection bias, 
which is actually a common limitation to all studies based 

on echocardiographic findings. Furthermore, since most of 
the participants suffered from a mild viral infection, it is not 
possible to generalize these findings to all post COVID-19 
patients, especially among patients with more severe dis-
ease. However, as we pointed out in previous paragraphs, 
the majority of people who have suffered from COVID-19 
experienced a mild or asymptomatic infection. Additionally, 
we did not have a centralized core laboratory to analyze the 
biventricular global longitudinal strain. However, all analy-
ses were performed by experienced operators and with the 
same brand of ultrasound machine (General Electric), which 
minimizes technical variation, as previously published [19, 
20, 23, 25]. Even more, the brand ultrasound machine used 
in our registry has shown the higher interobserver agree-
ment in prior publications [19, 20]. Another major limitation 
is the lack availability of confirmatory imaging modalities 
such as cardiac magnetic resonance. Though, due to the high 
burden of COVID-19 infection it is impracticable to perform 
complex imaging on a broad number of patients, particu-
larly following mild disease. Finally, taking into account the 
relatively short time between the COVID-19 infection and 
the echocardiographic examination, it is also not possible 
to know the prevalence of long-term cardiovascular abnor-
malities. Nonetheless, there is no reason to suspect that new 
echocardiographic abnormalities will develop in a period of 
time greater than that of our record.

Despite the aforementioned, this registry had a con-
siderable sample size, and the observations were made in 
different regions but with socio-demographic and tech-
nological equipment similarities, which reinforces their 
generalizability.

Conclusion

Our study suggests that cardiovascular abnormalities after a 
COVID-19 infection are infrequent and usually mild, even 
when they are evaluated during the first weeks after recovery 
from the disease. The most frequent findings were a decrease 
in the GLS of both the left and the right ventricle, followed 
by a mild reduction in the LVEF. In contrast, the most clini-
cally significant abnormalities, such a pericardial effusion 
or a moderately depressed left ventricular ejection fraction 
were rare.

We found no relationship between echocardiographic 
abnormalities and the severity of the disease or the time 
elapsed since recovery. Interestingly, we also did not find 
a relationship between the presence of symptoms and the 
echocardiographic abnormalities. Our data also suggest 
that echocardiographic abnormalities may be more frequent 
among male patients. Further studies are needed to deline-
ate which patients will develop cardiovascular abnormalities 
after COVID-19 infection.
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