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Abstract: Background and Objectives: Cardiac involvement in COVID-19 has been confirmed
during the acute stage of the infection. However, the prevalence and spectrum of post-
infectious cardiac dysfunction remain incompletely clarified. The objective of our study
was to evaluate the frequency of echocardiographic changes 2 years after hospitalization for
moderate and severe COVID-19 in patients with no previously known cardiac pathology.
Material and Methods: We conducted a retrospective cohort study analyzing severity markers
of COVID-19 infection and echocardiographic parameters assessed ≥2 years after the acute
illness, based on recent guideline recommended algorithm for echocardiographic diagnos-
tic of left ventricular (LV) dysfunction. Results: The study included 50 Caucasian patients,
60% male, 54% aged < 65 years, and 32% with severe forms of the disease. The primary
comorbidities were hypertension, obesity, and diabetes. COVID-19 severity correlated with
the computed tomography (CT) lung lesion score and a neutrophil-to-lymphocyte ratio >6
but was not associated with post-COVID-19 echocardiographic changes. Left ventricular
ejection fraction (LVEF) was reduced in only 18% of cases, but global longitudinal strain
(GLS) impairment was observed in 46% of patients, contributing to the LV systolic subclini-
cal dysfunction in 61%. Impaired LV diastolic disfunction with normal pressure filling was
present in 30.61% of cases and with elevated pressure 10.2%. Conclusions: COVID-19 is an
independent predictive factor for GLS impairment, which can indicate myocardial contrac-
tile dysfunction, even in patients with asymptomatic heart disease. This underscores the
importance of regular echocardiographic monitoring for patients recovering from moderate
to severe COVID-19.

Keywords: COVID-19; echocardiography; left ventricular disfunction; global longitudinal
strain impairment

1. Introduction
Cardiovascular manifestations are part of the clinical expression of infection with

Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2). The persistence of
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cardiac lesions and sequelae can be categorized under post-COVID-19 syndrome, but they
remain insufficiently documented [1]. The most common cardiac manifestation of acute
COVID-19 infection is elevated cardiac troponin levels. Echocardiographic studies have
revealed changes such as right ventricular dysfunction (26.3%), left ventricular dysfunction
(18.4%), diastolic dysfunction (13.2%), and pericardial effusion (7.2%) [2]. Within the first
6 months post-COVID-19 infection, chest pain occurs in 5% of patients and palpitations
in 9%, although the frequency of these symptoms can increase, with chest pain affecting
up to 17%, palpitations up to 20%, and exertional dyspnea up to 30% of cases [3–5].
Post-COVID syndrome is a newly recognized clinical entity, defined as a multisystemic
condition characterized by persistent symptoms following the acute infection episode,
including fatigue, shortness of breath, and chest pain. These symptoms may be attributed
to heart failure, myocarditis, or ventricular dysfunction resulting from COVID-19 [6–8].
Post-COVID-19 syndrome with persistent symptoms after recovery from SARS-CoV-2
coronavirus infection encompasses major cardiac complications such as myocardial injury,
heart failure, arrhythmias, vascular lesions, and thromboses [9].

Long-COVID syndrome is a multisystemic condition that persists for more than
12 weeks after acute SARS-CoV-2 (COVID-19) infection and cannot be explained by alterna-
tive diagnoses. The mechanism of this syndrome is multifactorial, involving the immune
response, levels of anti-SARS-CoV-2 neutralizing antibodies, direct effects of the virus,
complications of severe forms of the disease, post-traumatic stress, and oxidative stress.
Long-COVID cardiac involvement results from several prolonged effects. These include
pro-inflammatory cytokines, tumor necrosis factor, interleukin 1 and interleukin 6; redox
imbalance and autonomic cardiac dysfunction are also factors. Together, these can lead to
extended consequences [10]. Other contributing factors include chronic systemic inflamma-
tion. This is often associated with obesity or diabetes mellitus. Undiagnosed pre-existing
heart conditions can also play a role. Genetic factors are another possibility, although
they remain insufficiently clarified [5]. The incidence of arrhythmias in Long-COVID is
unknown, although many individuals report palpitations. Myocarditis and pericarditis can
have chronic courses. Coronary artery aneurysms, aortic aneurysms, atherosclerosis, and
venous or arterial thrombotic disease are also potential complications. These changes may
predispose to arrhythmias and life-threatening acute coronary syndromes [7,8].

To monitor heart inflammation, one of the most effective and sensitive tests is cardiac
magnetic resonance imaging (MRI), which shows inflammation in up to 60% of patients
more than 2 months after a COVID-19 diagnosis [11,12]. Speckle-tracking echocardiography
(STE) can also be used as a prognostic indicator in acute COVID-19 infection [13].

We hypothesized that the ventricular dysfunctions identified post-COVID-19 may
persist and reveal specific echocardiographic features. The study objective is to determine
the frequency of echocardiographic changes observed 2 years after hospitalization for
moderate and severe COVID-19. These results could contribute to the characterization of
post-COVID syndrome in the South-Eastern region of Romania, as no previous reports on
this subject are available.

2. Materials and Methods
We conducted a retrospective cohort study on the impact of moderate and severe

forms of COVID-19 on cardiac function, assessed through transthoracic echocardiography
(TTE). The study was developed at “Dr. Aristide Serfioti” Military Emergency Hospital
in Galati, situated in the South-East of Romania. From November 2020 to May 2021 the
hospital treated COVID-19 patients. The selection criteria for the study were age over
20 years, hospitalization with moderate and severe COVID-19 confirmed by an RT-PCR
test between November 2020 and May 2021, and pulmonary involvement of at least 25%
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on chest CT imaging. The study adhered to WHO criteria for classifying the severity of
COVID-19. Moderate cases were defined as the presence of clinical signs of pneumonia
(fever, cough, dyspnea, shortness of breath) but with SpO2 ≥ 90% on room air. Severe cases
were defined by at least one of the following: respiratory rate >30 breaths/min, severe
respiratory distress, or SpO2 < 90% on room air [14–16].

From the hospital database, we identified 270 cases with “diagnostic related-group
code” U07.1 [17]. We excluded the cases requiring orotracheal intubation or other specific
intensive care interventions (critical forms of COVID-19), those transferred to other hos-
pitals, and those who died in the hospital. From 204 randomized patients recovered after
moderate and severe COVID-19, we have selected 102 cases, of whom 96 had available
contact information. A total of 79 patients/contacts responded to the phone call, but we
found that 5 of them had died since COVID-19 hospitalization. Based on the medical his-
tory, we excluded four cases with pre-existing cardiac diseases diagnosed before COVID-19
episode. Fifty-three patients agreed to participate in the planned echocardiography visit,
based on a scheduled invitation by phone call, between July 2023 and October 2023. Three
examinations were invalidated due to poor acoustic windows, resulting in a study sample
of 50 cases (Figure 1).
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Figure 1. Flow chart of the study-patient selection.

We collected demographic data (age, gender, urban or rural residence, and education
level) as well as declared smoking status (defined as smoking within 28 days prior to the
COVID-19 diagnosis). We recorded comorbidities known at the time of hospitalization for
COVID-19, including hypertension, obesity (defined as a body mass index >35 kg/m2),
diabetes mellitus, and chronic renal, hepatic, cerebrovascular diseases.

From the hospitalization records of COVID-19, we evaluated the degree of pulmonary
involvement as described in the CT imaging report (%), based on the COVID-19 imaging
interpretation protocol. CT imaging was performed using a “Somatom Scope Siemens—
Power 32 slice device employing Iterative Reconstruction Image Space (IRIS)” techniques.
The images were assessed to identify typical COVID-19 pneumonia features, such as
ground-glass opacities, unilateral or bilateral, subpleural localization, predominantly in the
lower lobes, with peripheral or posterior distribution, and progression to consolidation. The
pulmonary lobes (three in the right lung and two in the left lung) were visually examined
and the percentage of involvement in each lobe was recorded using the following scoring
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system: Score 1 (<5%); Score 2 (5–25%); Score 3 (25–50%); Score 4 (50–75%); Score 5 (>75%).
The total score was the sum of the partial scores, ranging from 0 to 25. In our study, we
used the global CT severity score [18–21].

Laboratory data collected at the time of hospitalization for the COVID-19 episode
included leukocyte count, C-reactive protein, erythrocyte sedimentation rate, D-dimer
levels, serum ferritin, and serum creatinine. We calculated the peripheral blood neutrophil-
to-lymphocyte ratio (NLR) as the absolute neutrophil count divided by the absolute lym-
phocyte count, using it as a marker of systemic inflammation and a predictor for patients
with COVID-19 infection. The normal NLR values for 95% of healthy adults range between
0.78 and 3.53 [22–24].

Echocardiography was preceded by an electrocardiogram. Cardiac rhythms were
evaluated by analyzing electrocardiographic recordings taken at the follow-up visit. We
categorized the results as sinus rhythm or atrial fibrillation. Sinus rhythm was identified
by the presence of a P wave, QRS complex, and T wave with normal morphological and
duration characteristics [25]. Atrial fibrillation was diagnosed according to the definition in
the guidelines of the European Society of Cardiology [26].

Transthoracic echocardiography (TTE) was performed by an expert cardiologist spe-
cializing in echocardiographic examination and interpretation, following the methodology
outlined in echocardiography guidelines. The procedure utilized the “FUJIFILM LISENDO
880 Cardiovascular Ultrasound System” (System version 00-5.0.0; Application 2DTT), in-
cluding advanced analysis applications [27]. The following echocardiographic parameters
were recorded: E/A ratio, E/e’ ratio, indexed left atrial volume (LAVi), S’ wave, e’ velocity,
left ventricular ejection fraction (LVEF), and global longitudinal strain (GLS).

Left ventricle (LV) diastolic function was evaluated using mitral E wave, A wave,
and e’ medium velocities [27,28]. The trans mitral Doppler E wave represents early LV
filling from rapid relaxation. Trans mitral A wave in sinus rhythm corresponds to the atrial
contraction in late diastole and LV filling. The E/A is the ratio of early and late LV diastolic
filling. Typically, E/A > 1 values are found in healthy young people, but natural aging
results in a shift in E/A to < 1. The Early Diastolic Mitral Annular Velocity, denoted as e’,
was measured at the mitral annulus (septal and lateral walls) and was used for evaluating
diastolic function and estimating left ventricular filling pressures. It is compared with E
wave to calculate the E/e’ ratio, an indicator of diastolic dysfunction [27]. The left atrial
volume was also used as a marker of diastolic dysfunction. It was estimated by the biplane
Simpson’s Method of Disks and was indexed to the body surface area (LAVi), with normal
range lower than 34 mL/m2 [27,29].

The systolic function was estimated by LV ejection fraction (LVEF), systolic waves (S),
and global longitudinal strain (GLS) to define myocardial performance (Tables A1–A3). The
values of LVEF, defined as the fraction of chamber volume ejected during systole relative
to the blood volume in the ventricle at the end of diastole, was interpreted according to
the criteria established by the American Society of Echocardiography and the European
Association of Cardiovascular Imaging [30]. The cut-off value for “normal” LVEF >55% was
adjusted by gender. Systolic waves (S) were measured as part of tissue Doppler imaging
at the same locations as e’, estimating specifically the systolic longitudinal contraction of
the myocardium. The normal range of the S wave was ≥9 cm/s measured on a lateral
mitral annulus and ≥7 cm/s measured on a septal mitral annulus. Reduced S was an
indicator of impaired systolic function. Global longitudinal strain (GLS) is defined as
the change in heart dimensions during cardiac activity, evaluated by measuring the left
ventricular length during systole. However, GLS mirrors the complex interferences of
disturbances in left ventricular (LV) relaxation, restorative forces, myocyte elongation
loading, and atrial function, culminating in increased LV filling pressures [31,32]. GLS is
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expressed as a percentage (%) of the relative change in the length of the left ventricular
myocardium between diastole and end-systole, compared to the myocardium length at
the end of diastole. Normally, peak GLS is expected to be in the range of −18%, but
variable values are influenced by age and gender [33]. An LVEF of <50% or absolute
GLS < 16% [27] is consistent with impaired LVDF. LVEF ≥ 50% or absolute GLS ≥ 16% do
not confirm normal diastolic function and wider consideration of secondary parameters
may be required [27,29].

Considering the reference values for age groups and gender, we classified the results
of the echocardiographic examination into the following categories: normal, low/increased.
The left ventricular diastolic function was evaluated considering the British Society of
Echocardiography algorithm recommendations [27]. Systolic function was considered
impaired when LVEF was lower than 50% and GLSAs was classified according to updated
LV diastolic function criteria. The recommendations call for classification as either normal,
indeterminate, or abnormal based on the presence or absence of abnormalities in average
E/e’ > 14, septal e’ < 7 cm/s or lateral e’ < 10 cm/s, LA volume index > 34 mL/m2, and
tricuspid regurgitation velocity <280 cm/s. [28]. We used e’ < 7 cm/s for statistical analysis.
Tricuspid regurgitation velocity was not available in our study. Instead, we employed
an adapted algorithm based on two out of three parameters of left ventricular diastolic
function [27].

Statistical analysis used the XLSTAT version 2022.1. The data collected were formu-
lated in a MS Excel table and statistically analyzed, according to the numerical or qualitative
types of variables. We have applied statistical tests such as unpaired t test/Mann–Whitney
test for the quantitative variables and Chi-square test/Fisher’s exact test for qualitative
variables. The two-sample t-test was used to compare whether there is difference between
two independent groups. The uncertainty associated with a statistical measure, such as the
odds ratio (OR), was assessed using 95% confidence intervals (CIs). Confidence intervals
provide a range of values within which the true value of the measure is likely to fall. In the
context of odds ratios, the null value is 1. If the confidence interval includes 1, it indicates
that there is no statistically significant association between the variables at the chosen
confidence level. A value of p < 0.05 was considered statistically significant.

The study was approved by the Institutional Bord of Ethical Committee corresponding
code No.109/M1-544/28 February 2023.

3. Results
3.1. Epidemiological and Clinical Characteristics of the COVID-19 Hospitalized Patients

In total, fifty study patients aged between 36 and 80 years, with an average age of
60.5 ± 10.37 years and a male-to-female ratio of 1.5 participated in the study. Other demo-
graphic characteristics included 96% living in urban areas and 52% having attained upper
secondary education. Additionally, 22% were reported as active smokers. Regarding occu-
pation, 50% of the patients were retired, 40% were employed, and 10% were unemployed.
The most common co-morbidities were hypertension (42%), obesity (36%), and diabetes
(18%) (Table 1).
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Table 1. Clinical and epidemiological characteristics of the patients hospitalized with COVID-19
(small sample t-tests).

N = 50 Option n % p CI 0.95

Sex Male
Female

30
20

60%
40% 0.202 0.264; 0.549

Age >65 years old
<65 years old

23
27

46%
54% 0.671 0.393; 0.682

Living area Rural
Urban

2
48

4%
96% <0.001 0.862; 0.995

Education level

2nd Education
Upper 2nd
Education

High Education

13
26
11

26%
52%
22%

0.887 0.374; 0.664

Professional status
Retired

Employed
Unemployed

25
20
5

50%
40%
10%

<0.001 0.033; 0.219

Smoking Yes
No

11
39

22%
78% <0.001 0.64; 0.884

Hypertension Yes
No

21
29

42%
58% 0.322 0.281; 0.568

Obesity Yes
No

18
32

36%
64% 0.064 0.491; 0.771

Diabetes Yes
No

9
41

18%
82% <0.001 0.685; 0.914

CVD Yes
No

4
46

8%
92% <0.001 0.842; 0.997

CLD Yes
No

3
47

6%
94% <0.001 0.872; 1.007

CKD Yes
No

1
49

2%
98% <0.001 0.893; 0.999

COPD Yes
No

1
49

2%
98% <0.001 0.893; 0.999

Other CID Yes
No

8
42

16%
84% <0.001 0.017; 0.292

Legend: 2nd Education: 8 years formal education; Upper 2nd Education: 12 years formal education; High Educa-
tion: bachelor’s or higher degree; CHD: cerebral-vascular disease; CLD: chronic liver disease; CKD: chronic kidney
disease; COPD: chronic obstructive pulmonary disease; CD: chronic inflammatory disease (thyroid; arthritis).

3.2. Imaging and Biological Markers of Severity/Prognosis of the COVID-19 Episode

The classification according to the severity of COVID-19 identified 71.4% moderate
forms and 28.6% severe forms of diseases. The imagistic scores considered the extent of
the computer tomographic pulmonary lesions ranging between 25% and 80%, with an
average of 49 ± 17.46 and median 50%. Severe disease was defined as a CT score >50%.
Electrocardiographic data showed sinus rhythm in all but one case, where atrial fibrillation
was observed during the post-COVID-19 evaluation. Blood pressure during the COVID-19
episode ranged from 85 to 170 mmHg systolic and 50 to 100 mmHg diastolic, remaining
within similar ranges post-COVID (90–170 mmHg systolic and 50–95 mmHg diastolic).

The main biological changes observed in hospitalized patients with moderate and
severe forms of COVID-19 were the hyperinflammation (CRP, ESR) and hypercoagulation
(D-dimers, ferritin). The wide variation in the ranges of these parameters indicate the het-



Medicina 2025, 61, 333 7 of 14

erogeneity of the biological response and the systemic impact of the disease in hospitalized
patients (Table 2). The neutrophil-to-lymphocyte ratio (NLR) is a marker of inflammatory
stress, showing high values in most of our patients and predicting a high risk of death
related to COVID-19. However, NLR is not a specific biomarker for COVID-19, as high
values also predict poor prognosis in other conditions, including solid tumors, and chronic
respiratory, cardiovascular, or renal diseases [24].

Table 2. Biological characteristics of patients hospitalized with COVID-19.

NV
Hospitalized Patients with COVID-19

No Average ± SD Median Min; Max

WBC [/µL] 4–10 × 103/µL 49 6.798 ± 3.25 6.2 1.5; 16.1

NLR <3.5 48 6.51 ± 4.79 5.49 1.15;
24.97

CRP [mg/dL] <0.1 41 75.67 ± 58.36 56.6 3.4; 186.1

ESR [mm/h] 0–10 36 77.75 ± 34.80 75.5 12; 140

D-DIMERS [ng/mL] 0–200 21 939.49 ± 687.72 785.72 97.25;
3290

FERITINE [µg/L] <300 (♂)
<150 (♀) 35 666.18 ± 377.97 696.56 58.8; 1200

CREATININE
[mg/dL]

0.5–1.1 (♂)
0.6–1.2 (♀) 47 0.90 ± 0.40 0.84 0.44; 3.28

Legend: WBC: white blood cells; No: number of available values; NLR: neutrophil/lymphocyte ratio; NV: normal
values; SD: standard deviation.

The severe form of COVID-19 was associated with increased CT sores > 50%, NLR > 6,
and blood level of CRP > 75 ng/mL, but we found no correlation with gender, older
age over 65, smoking, or chronic co-morbidities as hypertension, obesity, and diabetes
(Table A4).

3.3. Echocardiographic Characteristics After COVID-19

The most common findings on transthoracic echocardiographic examination were
an increased E/A’ ratio (54%) and decreased S wave (54%). Global cardiac function was
reduced in 46% of all patients (Table 3).

Table 3. Echocardiographic characteristics in the third year post-COVID-19 on hospitalized patients.

N = 50 Normal Low High p * CI

LAVi 43 (86%) - 7 (14%) <0.001 0.761; 0.958

E/A 23 (46%) - 27 (54%) 0.571 0.398; 0.681

E/e’ 29 (38%) - 21 (42%) 0.257 0.279; 0.560

e’ 43 (86%) 7 (14%) <0.001 0.761; 0.958

S 23 (46%) 27 (54%) - 0.571 0.398; 0.681

LVEF 41 (82%) 9 (18%) - <0.001 0.710; 0.929

GLS 27 (54%) 23 (46%) - 0.571 0.398; 0.681
Legend: * Two sample tests for Difference between Proportions; LVEF: left ventricle ejection fraction; LAVi: left
atrial volume indexed; E/A: ratio between E wave and A wave (peak velocity from LV in early diastole and
diastole filling); S: left ventricular systolic velocity.

The single case found with atrial fibrillation (AF) was evaluated according to the
specific algorithm for the estimation of LVFP in patients with AF and we found a single
available criterion (septal E/e’ > 11). However, none of the other parameters of the
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algorithm has sufficient accuracy to be considered adequate stand-alone measures for
the assessment of LVDF [27,28,34,35].

Following the algorithm for the estimation of LVFP in patients with SR, we assessed
49 patients of which 38.8% had normal LVSF and 61.2% with impaired LVSF. After the
second step of the algorithm, we found 22.4% patients had normal systolic and diastolic
function, 10.2% patients with impaired LV function and elevated filling pressures, and
30.61% with impaired diastolic function with normal filling pressures. Insufficient criteria
for estimating LV function were identified in over a third of patients [18], who were
subsequently classified as “equivocal”. Among these, the majority (11 out of 18) had
impaired left ventricular systolic function (LVSF) (Figure 2).
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Figure 2. Algorithm for the estimation of LVSF after COVID-19 in previous normal cardiac history patients.

In summary, 40.81% of patients developed a disfunction of the LV dysfunction by
the third year after COVID-19 hospitalization, while 22.4% maintained normal values of
echocardiographic parameters. However, the equivocal cases require additional parameters
to be evaluated to complete the diagnostic criteria and the frequency of LV dysfunctions
could be higher.

3.4. Comparation of LV Dysfunction and Normal LV Function Related to COVID-19 Severity

Considering the high percentage of LV dysfunction, we hypothesized a role of severe
COVID-19 on altering the cardiac structure and function. We compared the COVID-
19 characteristics, as echocardiographic normal or impaired function, but no significant
correlation was found (Table 4).

Table 4. Comparison of patients with normal and impaired LVF according to COVID-19 characteristics.

N = 49 Impaired
LVF

Normal
LVF OR p CI 0.95

LVSF

CT-score > 50 7 7 0.521 0.307 0.149; 1.821

N/Ly > 6 11 9 0.796 0.703 0.246; 2.575

CRP > 75 8 9 0.404 0.137 0.122; 1.338

Impaired
diastolic filling
pressure

CT-score > 50 4 6 0.25 0.076 0.053; 1.157

N/Ly > 6 8 6 0.666 0.580 0.158; 2.812

CRP > 75 6 5 0.600 0.501 0.135; 2.657
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4. Discussion
The results of our study evidenced a high frequency of newly developed LV dysfunc-

tion in the third year after COVID-19 hospitalization, in patients with no previous cardiac
history, when it could be expected that some acute COVID-related lesions would have
recovered. Compared with other reports on this topic, which refer to the echocardiographic
aspects in the first year post-COVID, the assessment of our study covers a longer interval
after COVID-19. There was no correlation between cardiac changes and the severity of the
infectious episode, characterized by the prognostic markers, as the extension of the CT lung
lesions, level of inflammation, or the NLR. We could hypothesize that SARS-CoV-2 cardiac
damage is not necessarily dependent on the severity of disease, but rather that subclinical
viral impairment of myocardial tissues could be persistent and progressive. Nevertheless,
other overlapping conditions could be involved in the development of LV dysfunction,
such as aging, lifestyle or other acute viral infections.

The two-dimensional GLS of the left ventricle (LV) was the most significant echo-
graphic finding, suggesting that it could be persistent or progressive from the early in-
fection. This statement is based on the results of a previous study conducted 3 months
post-COVID, compared to a control group, demonstrating that GLS of the LV was more
impaired parameter. Further multivariate analysis revealed that COVID-19 infection was
the only independent determinant of reduced LV GLS [36,37].

The frequency of post-COVID-19 cardiac manifestations, as estimated by different
studies, varies significantly, leading to controversial recommendations about the utility of
post-infectious echocardiographic monitoring [38].

The subclinical dysfunction of both ventricles and the risk of long-term cardiovascular
events was reported in a retrospective observational study, on 42 subjects with persistent
symptoms after 1-month post-COVID-19 [36].

The prospective studies in 1-year post-COVID-19, including patients infected with
alfa and beta SARS-CoV-2 variants, with mild (74%), moderate (4.8%), severe (18.1%),
and critical (2.9%) forms of disease, found persistent levels of troponin and NT-proBNP,
while LVEF had not significantly decreased [39]. A multicentric study in patients with no
known cardiac diseases reported that post-COVID-19 cardiac involvement is rare, mostly
in men, more frequent in men, with persistent symptoms in 41.8% of cases. The frequency
of echocardiographic changes was 8.2%: 5.7% decrease in GLS, 3% low LVEF, and 1.1%
motility dysfunction [40].

The serial echocardiographic evaluation in the Polish multidisciplinary CRACoV-
HHS study evidenced elevation of cardiac biomarkers in the acute phase of COVID-19,
but normal LVEF and no significant cardiac dysfunction after 1 year, suggesting that the
acute cardiac consequences of COVID-19 are associated with systemic inflammation and
hemodynamic stress in patients without preexisting conditions [41].

A cross-sectional study conducted between 2021 and 2023 in a Long-COVID clinic
found a frequency of LV dysfunction of 24% and 8% associated RV dysfunction. Like our
results, ventricular dysfunction was not influenced by gender, income, race, CRP, or the
association of Long-COVID symptoms, with the only predictor being age [42].

Left and right ventricular global longitudinal strain are the criteria for the diagnosis
of myocardial dysfunction, when the LVEF is normal. These were assessed during acute
COVID-19 and post-COVID-19. Survivors after the acute episode of COVID-19 have normal
deformation parameters, but are weaker than in healthy people from the control groups.
Until now, there have been no available epidemiological studies on the prevalence of
myocardial dysfunction. GLS reversion capacity seems better for RV than for LV, probably
due to different pathological mechanisms, with partially reversible changes in the stromal
bed in the case of RV dysfunction, compared to scarring and persistent microvascular
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dysfunction in the case of LV dysfunction. The pathogenic mechanisms are not sufficiently
clarified, the decrease in deformation parameters having complex causes [13].

The analysis of myocardial deformation through global longitudinal strain (GLS)
has become an increasingly utilized method in recent years for the early detection of
global and regional myocardial function abnormalities and for differentiating types of
cardiomyopathies [43]. This marker is more sensitive than ejection fraction for predicting
cardiovascular events. Considering the contractile kinetics of the left ventricle (LV), longi-
tudinal fibers are responsible for 60% of the stroke volume and appear more sensitive to
ischemia due to their higher oxygen consumption, explaining GLS changes even in subclin-
ical forms of various cardiac pathologies, such as drug-induced toxic cardiomyopathy in
oncological, hematological, rheumatological, renal, and infectious diseases [33,44]. GLS has
been used as a criterion for cardiological treatment in a randomized clinical trial involving
oncology patients (the SUCCOUR study), with favorable results regarding LVEF preserva-
tion, although current evidence is insufficient to use GLS as a decisive factor for oncological
cardiotoxic medication management [45]. The results of a recent meta-analysis highlight
the utility of cardiac screening in apparently healthy individuals through echocardiogra-
phy supplemented with strain imaging, avoiding invasive investigations. Extrapolating
these data, and in agreement with the results of our study, GLS can be used as an early
indicator of cardiac damage in patients with a history of severe COVID-19 [46]. The clinical
applications of GLS allow for the detection of subclinical contractility disorders and the
prevention of irreversible myocardial damage through cardiovascular therapies [43].

The Limits of the Study

The first limitation of the study is the absence of prior echocardiographic evaluations
before the acute COVID-19 episode and during hospitalization, which would have allowed
us to exclude underdiagnosed cardiac diseases related to the patients’ medical history.
Additionally, we did not have a control group comprising healthy individuals of the same
age and gender from the general Romanian population without a history of COVID-19,
which would have enabled comparison of the echocardiographic parameters. The sample
size of the pilot study is relatively small and statistical significance of the results could be
in short supply.

MRI was not available at our center to confirm the echocardiographic diagnosis. The
study relied solely on echocardiographic evaluations, which may underestimate cardiac im-
pairment compared to MRI findings [47]. Since the onset of COVID-19, echocardiographic
examination protocols and normal reference values have undergone changes, complicating
the interpretation of the data [48].

Several parameters were unavailable for the study and cases with incomplete evalua-
tions could not be included in the statistical analysis. The retrospective nature of the study
further limited the systematic collection of biological markers with prognostic relevance for
cardiac impairment. Finally, the small patient cohort size affects the statistical robustness
and consistency of the analysis.

5. Conclusions
The echocardiography findings in the third year post-COVID-19 in patients without

prior cardiac disease revealed a significant number of patients with subclinical myocardial
dysfunction, as revealed by the decrease in GLS and the presence of diastolic dysfunction.
Systemic inflammation and hemodynamic changes associated with pulmonary impairment
during COVID-19 may affect myocardial function, although no correlations were found
between infection severity markers and LV dysfunction, as found in our small sample group.
Whether these findings are due to the constraint of such a small sample or are consistent in
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the general population remains to be established by conducting further larger studies. GLS
could serve as a screening marker for better understanding the spectrum of post-COVID-19
cardiological impairment, and, as our study found, may reveal further understanding
in the development of further cardiovascular complications. The mechanisms of post-
COVID-19 myocardial impairment are complex, overlap with natural dysfunction, remain
insufficiently clarified, and require long-term, extensive epidemiological studies. Our small
study has just set the premises for further evaluation—whether asymptomatic myocardial
dysfunction is more prevalent in general population, even long term after the initial COVID
disease, and whether this dysfunction can lead to the development of clinical manifestations
of heart failure.
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Appendix A

Table A1. Grading of LVEF according to criteria of the American Society of Echocardiography and
the European Association of Cardiovascular Imaging [31].

LVEF
Sex

Male Female

Normal 52–72% 54–74%

Mild decreased 41–51% 41–53%

Middle decreased 30–40% 30–40%

Severe decreased <30% <30%

Table A2. Normal reference echocardiography values GLS-2D [34].

Age (Years Old) <40 40–49 50–59 60–69 ≥70

GLS-2D

Male
Range [−16; −23.5] [−16.5; −23.7] [−15.8; −23.1] [−15.3; −22.6] [−14.3; −22.7]

Average −19.8 −20.1 −19.5 −18.9 −18.5

Female
Range [−17.8; −24.9] [−16.7; −25.3] [−17; −24] [−15.7; −23.7] [−15; −22.9]

Average −21.3 −21 −20.5 −19.7 −19
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Table A3. Age and sex-specific cut-off values for E/A ratio, E velocity (in subjects with normal
diastolic function), septal and lateral e’ (impaired relaxation) [27,48].

Age 18–40 y 41–65 y >65 y

Sex Male Female All All

E/A ratio <0.9 <1.1 <0.7 <0.5

E velocity (m/s) <0.5 <0.6 <0.5 <0.4

Septal e′ (cm/s) <7.0 <8.0 <5.0 <4.0

Lateral e′ (cm/s) <9.0 <11.0 <6.0 <5.0

Table A4. Comparation of severe and middle COVID-19.

Severe
(n1)

Middle
(n2) OR p (χ2) CI 0.95

Gender F
M

4
10

16
20 2.00 0.303 0.5330; 7.491

Age >65
<65

5
9

18
18 0.555 0.362 0.156; 1.970

Smoking YES
NO

3
11

8
28 0.954 0.951 0.213; 4.273

Hypertension YES
NO

6
8

15
21 1.05 0.938 0.301; 3.660

Obesity YES
NO

5
9

13
23 0.982 0.979 0.271; 3.561

Diabetes YES
NO

2
12

7
29 0.690 0.669 0.125; 3.790

CT Score > 50% YES
NO

13
1

1
35 455 <0.001 69.202; 2991.581

NLR > 6 YES
NO

10
4

9
27 7.5 0.002 2.043; 27.53

CRP > 75 YES
NO

8
6

10
26 3.466 0.050 0.988; 12.15

D-Dimers > 1000 YES
NO

5
9

8
28 1.94 0.328 0.511; 7.385
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Sładek, K.; et al. Serial echocardiographic evaluation of COVID-19 patients without prior history of structural heart disease: A
1-year follow-up CRACoV-HHS study. Front. Cardiovasc. Med. 2023, 10, 1230669. [CrossRef]

42. Tamariz, L.; Ryan, M.; Marzouka, G.R.; Bast, E.; Klimas, N.; Palacio, A. Cardiovascular risk factors predictwho should have
echocardiographic evaluation in long COVID. Echocardiography 2024, 41, e15745. [CrossRef]

43. Brady, B.; King, G.; Murphy, R.T.; Walsh, D. Myocardial strain: A clinical review. Ir. J. Med. Sci. 2023, 192, 1649–1656. [CrossRef]
44. Henein, M.Y.; Pilebro, B.; Lindqvist, P. Echocardiographic red flags of ATTR cardiomyopathy a single centre validation. Eur. Heart

J. Imaging Methods Pract. 2024, 2, qyae105. [CrossRef] [PubMed]
45. Negishi, T.; Thavendiranathan, P.; Negishi, K.; Marwick, T.H. Rationale and Design of the Strain Surveillance of Chemotherapy for

Improving Cardiovascular Outcomes: The SUCCOUR Trial. JACC Cardiovasc. Imaging 2018, 11, 1098–1105. [CrossRef] [PubMed]
46. Wibowo, A.; Pranata, R.; Astuti, A.; Tiksnadi, B.B.; Martanto, E.; Martha, J.W.; Purnomowati, A.; Akbar, M.R. Left and right

ventricular longitudinal strains are associated with poor outcome in COVID-19: A systematic review and meta-analysis. J.
Intensive Care 2021, 9, 9. [CrossRef] [PubMed]

47. Huang, L.; Zhao, P.; Tang, D.; Zhu, T.; Han, R.; Zhan, C.; Liu, W.; Zeng, H.; Tao, Q.; Xia, L. Cardiac Involvement in Patients
Recovered From COVID-2019 Identified Using Magnetic Resonance Imaging. JACC Cardiovasc. Imaging 2020, 13, 2330–2339.
[CrossRef] [PubMed]

48. Miyoshi, T.; Addetia, K.; Citro, R.; Daimon, M.; Desale, S.; Fajardo, P.G.; Kasliwal, R.R.; Kirkpatrick, J.N.; Monaghan, M.J.;
Muraru, D.; et al. Left Ventricular Diastolic Function in Healthy Adult Individuals: Results of the World Alliance Societies of
Echocardiography Normal Values Study. J. Am. Soc. Echocardiogr. 2020, 33, 1223–1233. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1016/j.pcad.2025.01.001
https://doi.org/10.1016/j.jcmg.2023.08.011
https://doi.org/10.1186/s44156-024-00048-x
https://www.ncbi.nlm.nih.gov/pubmed/38825684
https://doi.org/10.3390/jcdd10080349
https://www.ncbi.nlm.nih.gov/pubmed/37623362
https://doi.org/10.1016/j.amjms.2023.04.002
https://www.ncbi.nlm.nih.gov/pubmed/37040829
https://doi.org/10.1111/jocs.14808
https://www.ncbi.nlm.nih.gov/pubmed/32652713
https://doi.org/10.3389/fcvm.2022.1067943
https://www.ncbi.nlm.nih.gov/pubmed/36620643
https://doi.org/10.1007/s10554-022-02706-9
https://www.ncbi.nlm.nih.gov/pubmed/36515755
https://doi.org/10.3389/fcvm.2023.1230669
https://doi.org/10.1111/echo.15745
https://doi.org/10.1007/s11845-022-03210-8
https://doi.org/10.1093/ehjimp/qyae105
https://www.ncbi.nlm.nih.gov/pubmed/39679323
https://doi.org/10.1016/j.jcmg.2018.03.019
https://www.ncbi.nlm.nih.gov/pubmed/29909105
https://doi.org/10.1186/s40560-020-00519-3
https://www.ncbi.nlm.nih.gov/pubmed/33436101
https://doi.org/10.1016/j.jcmg.2020.05.004
https://www.ncbi.nlm.nih.gov/pubmed/32763118
https://doi.org/10.1016/j.echo.2020.06.008

	Introduction 
	Materials and Methods 
	Results 
	Epidemiological and Clinical Characteristics of the COVID-19 Hospitalized Patients 
	Imaging and Biological Markers of Severity/Prognosis of the COVID-19 Episode 
	Echocardiographic Characteristics After COVID-19 
	Comparation of LV Dysfunction and Normal LV Function Related to COVID-19 Severity 

	Discussion 
	Conclusions 
	Appendix A
	References

