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Abstract
Coronavirus disease 2019 (COVID-19) is a newly recognized infectious disease that has spread rapidly. COVID-19 has 
been associated with a number of cardiovascular involvements, including ventricular functions. The aim of our study was 
to evaluate the right ventricular functions of mild severity COVID-19 patients 3 months after, and compare them to the 
right ventricular functions of healthy volunteers. For this single-center study, data from 105 patients who were treated for 
mild severity COVID-19 between September 15, 2020 and December 31, 2020 were collected. 105 age and sex matched 
healthy subjects were included in the study. Right ventricular (RV) functions were evaluated using conventional two-dimen-
sional (2D) echocardiography and 2D speckle-tracking echocardiography (STE) for all patients. 2D-E parameters indicating 
RV functions were compared between the two groups. RV diamaters, systolic pulmonary artery pressure (sPAP) and RV 
myocardial performance index (RV MPI) were significantly higher in the COVID-19 patients compared to control group 
(p < 0.05). Tricuspid annular plane systolic motion (TAPSE), right ventricular fractional area change (RVFAC) and RV S’ 
were significantly lower in the COVID-19 group compared to control group (p < 0.05). RV global longitudinal strain (RV-
GLS) (− 19.6 ± 5.2 vs. − 15.1 ± 3.4, p < 0.001) and RV free wall longitudinal strain RV-FWLS (− 19.6 ± 5.2 vs. − 17.2 ± 4.4, 
p < 0.001) values were significantly lower in the COVID-19 group than the control group. There was a significant negative 
correlation between RV-FWLS, RV-GLS and C-reactive protein (CRP), neutrophil to lymphocyte ratio (NLR), d-dimer, 
ferritin, platelet to lymphocyte ratio (PLR) in patients with mild severity COVID-19. This results suggested that RV-GLS 
and RV-FWLS decreased in the long term (third month) follow-up of patients treated for mild severity COVID-19 disease. 
Subclinical RV dysfunction may be observed in patients after mild severity COVID-19.
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Introduction

Coronavirus disease 2019 (COVID-19) was first appeared at 
the end of 2019 in the Wuhan city which is the capital city 
of Hubei region of China and led to pandemic. COVID-19 
which develops due to infection with severe acute respiratory 
syndrome- Coronavirus -2 (SARS-CoV-2) resulted in high 
rates of morbidity and mortality worldwide [1]. Although 
the main target of the disease is respiratory tract; COVID-19 
may affect all of the organ systems such as cardiovascular 
system. Microthrombogenesis due to hypercoagulapathy, 
increased systemic inflammatory response, hypoxia, and 
hypotension are thought to play major role in the patho-
physiology of cardiac involvement following SARS-CoV-2 
infection [2].

Severe systemic inflammatory response and hyperco-
agulopathy may develop in several contagious infectious 
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diesases including COVID-19 and this situation may result 
in increased levels of C-reactive protein, ferritin, D-dimer, 
neutrophil to lymphocyte ratio [3, 4]. Complex systemic 
inflammatory response may last long and affect ventricular 
functions. Several studies including COVID-19 patients in 
which right ventricular functions were evaluated by echo-
cardiography in the early stages of the disease demonstrated 
that COVID-19 affects right ventricular functions [5–7]. 
However, there is no data about the long term effects of 
mild severity COVID-19 disease on right ventricular func-
tions in the literature.

In this study, we aimed to evaluate long term effects 
of mild severity COVID-19 disease on right ventricular 
functions.

Material and methods

Study population and procedure

This cross-sectional, single-centre study was performed 
in University of Ordu Training and Research Hospital, 
which was determined to treat COVID-19 patients by Turk-
ish Republic Ministry of Health, between November 2020 
and December 2020. Patients with mild severity COVID-
19 disease who were older than 18 years old and treated 
with only favipravir were included in the study. The mild 
severity COVID-19 patients; was defined as patients who 
were followed outpatient, non-hospitalized, and who had 
constituional symptoms including fever, muscle and/or 
joint pain, cough, sore throat, without respiratory distress 
[respiratory rate < 24/min, peripheral capillary oxygen satu-
ration  (SpO2) > 93% at room air] according to the World 
Health Organization and the Republic of Turkey Ministry of 
Health COVID-19 Treatment Guidelines [8, 9]. Patients with 
a history of coronary artery disease, chronic inflammatory 
disease, hypertension, severe chronic renal and liver fail-
ure, right or left ventricular failure, atrial fibrillation, com-
plete or incomplete branch block, moderate-severe valvular 
pathology, pacemaker, diabetes mellitus, anemia, chronic 
renal failure, thyroid dysfunction, pulmonary hypertension, 
pulmonary embolism, cancer, chronic lung disease, body 
mass index (BMI) > 30 kg/m2 and patients diagnosed with 
acute coronary syndrome and myocarditis were excluded. 
In addition, patients who were given steroids and/or heparin 
along with favipiravir due to COVID-19 and those who had 
any other active infection disease and used antibiotics were 
excluded. After the exclusion criterias were applied, the 
study continued with 105 non-hospitalized adult COVID-
19 patients. A total of 105 sex- and age-matched healthy 
subjects were randomly selected as the control group. Demo-
graphic data, baseline characteristics, medical history, drugs 
and medications used for COVID-19, smoking habits and 

laboratory values were obtained using the hospital’s medi-
cal database. Laboratory parameters including; complete 
blood count (CBC), C—reactive protein (CRP), D-dimer, 
ferritin and other biochemical parameters were measured at 
the first admission to the hospital before COVID-19 treat-
ment started. The entire study population were evaluated 
via two-dimensional echocardiography and speckle tracking 
echocardiographic imaging. The patients’ echocardiographic 
examinations were performed 3  months after COVID-
19 diagnosis. The research procedures were revised and 
approved by the local hospital’s ethics committee and Min-
istry of Health Scientific Research Platform according to the 
ethical considerations stipulated in the Helsinki Declaration.

Diagnosis of COVID‑19

According to the World Health Organization [8] and the 
Republic of Turkey Ministry of Health COVID-19 Treat-
ment Guidelines [9], patients who were matching the defi-
nition of probable SARS-CoV-2 infection underwent test-
ing with molecular methods to scan for viruses. Throat and 
nasopharynx swab samples were collected from all patients 
in our study to extract SARS-CoV-2 RNA. Real-time 
reverse transcription polymerase chain reaction assay (RT-
PCR) molecular method was applied for RNA analysis of 
SARS-CoV-2 virus. RT-PCR assay was performed using the 
SARS-CoV-2 (2019-nCoV) qPCR Detection Kit (Bioeksen 
R&D Technologies Co Ltd, Istanbul, Turkey). Cases with 
SARS-CoV-2 RNA in RT-PCR method were accepted as 
COVID-19.

Two‑dimensional echocardiography (2D‑E)

Bedside transthoracic echocardiographic examinations 
were performed in all patients using the EPIQ 7C ultra-
sound system (Philips Medical Systems, Andover, Mas-
sachusetts). Two-dimensional and Doppler echocardi-
ography were performed on the basis of the guidelines 
of the American Society of Echocardiography [10]. All 
these echocardiographic examinations were performed by 
experienced two operators. Echocardiographic examina-
tions were performed in left lateral decubitus position 
after resting for at least 15 min. All measurements were 
taken in three consecutive cycles, and average values 
were calculated. Parasternal long and short axis views 
and apical views were used as standard imaging windows. 
Left ventricular (LV) end-diastolic/end-systolic diameters 
(LVEDd, LVESd) were measured using M-mode with 
the parasternal long axis view and thereafter from api-
cal fourchamber and biplane window views were used 
to measure left ventricular end-diastolic and end-systolic 
volume (LVEDV, LVESV). Left ventricular ejection frac-
tion (LVEF) was calculated from the apical window using 
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the modified Simpson method. Left atrium diameter was 
determined from M-mode echocardiographic images 
using a leading-edge-to-leading-edge method, measuring 
the maximal distance between the posterior aortic root 
wall and the posterior left atrial wall at end-systole.Peak 
velocities of the early diastolic (E) and late diastolic (A) 
waves were measured at the point of mitral leaflet coapta-
tion in the apical 4-chamber views for the evaluation of 
diastolic functions. The peak velocities of early diastolic 
waves (septal e′ and lateral e′) were measured by PW 
tissue doppler imaging (TDI) from the lateral and septal 
mitral annulus. E/e′(lateral) ratio was calculated.

Right ventricular (RV) diameters were measured at RV 
mid‐region and basal region from apical four‐chamber 
view. Percentage right ventricular fractional area change 
(RV-FAC) was calculated by dividing the difference in 
RV area between the end diastolic and end-systolic phases 
by end-diastolic RV area. Tricuspid annular plane systolic 
excursion (TAPSE) is defined as the distance traveled 
between end-diastole and end-systole at the lateral corner 
of the tricuspid annulus. Systolic pulmonary artery pres-
sure (sPAP) was calculated as the sum of right atrial pres-
sure value obtained by Bernoulli’s equation from tricus-
pid valve pressure gradient and caval respiratory index. 
Calculation of the RV myocardial performance index (RV 
MPI) was assessed by PW tissue doppler imaging (TDI). 
To measure RV S’, RV-focused view is used with tissue 
doppler region of interest placed at the lateral corner of 
the tricuspid annulus acquired at high frame rate. The 
velocity S’ is read as the highest systolic velocity. By 
PW TDI the encompasses isovolumetric contraction time, 
ejection time (ET), and isovolumetric relaxation time. 
TDI RV-MPI were measured using the Tei index. Intraob-
server and interobserver variations for echocardiographic 
measurements were less than 4%.

Assessment of right ventricule speckle tracking 
echocardiography (RV‑STE)

While performing RV-2D strain imaging; the patient’s heart 
rhythm was monitored with echocardiography, 2D video 
data were recorded from the modified apical 4-chamber 
(A4C) view, and RV-focused images including at least three 
cardiac cycles with regular ECG signals were obtained in 
the tissue velocity imaging mode. The off-line analysis of 
recorded image sequences and signals was performed using 
the commercially software (QLAB-CMQ, Philips Health-
care, Andover, Massachusetts) on a computer workstation. 
After defining three reference landmarks (RV apex, medial 
and lateral tricuspid annulus), the software automatically 
traced the endocardial and epicardial borders in the modi-
fied A4C view. Tracking points were adjusted manually if 
necessary, and 2D longitudinal strain and strain rate curves 
were obtained for each myocardial segment. Peak negative 
longitudinal systolic strain variables were derived from 
these curves. RV global longitudinal strain (RV-GLS) and 
RV free-wall longitudinal strain (RV-FWLS) values were 
measured according to the current guidelines [11]. 2D 
speckle-tracking strain images of right ventricle is presented 
in Fig. 1.

Statistical analysis

All data were analysed using SPSS (Statistical Pack-
age for Social Sciences) software version 22.0. Quantita-
tive variables with a normal distribution were specified 
as means ± standard deviation. Categorical variables were 
shown as number and percentage values. In order to test 
normality of distribution Kolmogorov–Smirnov test was 
used. For comparison of quantitative data, student-t test 
(normally distributed data) and Mann Whitney-U test (non-
normally distributed data) were used. Categorical variables 

Fig. 1  An example of right ventricular strain speckle tracking apical four chamber view of COVID-19 patient
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were compared with the Chi-square test. Spearman’s correla-
tion coefficient tests were used to assess the strength of the 
relationship between RV strain parameters and CRP, NLR, 
PLR, LMR, ferritin, D-dimer values. The results were evalu-
ated within a 95% confidence interval. A p value < 0.05 was 
considered to indicate statistical significance.

Results

Demographic, clinical and laboratory characteristics of the 
study groups are shown in Table 1. The mean age of the par-
ticipants was 43.5 ± 12.5 years and 60.9% of the cases were 
male. There were no significant differences between the two 
groups in terms of baseline demographic characteristics and 
medical history (p > 0.05). In their laboratory findings white 
blood cell (8 ± 3.2  103 μL vs. 6.4 ± 1.6  103 μL; p < 0.001), 
neutrophil (5.5 ± 2.2  103 μL; vs. 4.1 ± 2.2  103 μL; p < 0.001) 
and Neutrophil to lymphocyte ratio (NLR) (6.1 ± 2.7 vs. 

3.7 ± 1.6) were significantly higher in the COVID-19 group 
than the control group. Lymphocyte counts (1.1 ± 0.3  103 
μL vs. 0.9 ± 0.3  103 μL; p < 0.001) were significantly lower 
in the COVID-19 group than the control group. Mean lev-
els of C—reactive protein (CRP), ferritin and D-dimer were 
higher than normal values in only patients with COVID-
19. In addition, there was no difference between the groups 
in terms of other laboratory findings (p > 0.05). Echocar-
diographic findings evaluated 3 months after the diagnosis 
of COVID-19 are shown in Table 2. Heart rate, LV wall 
diamaters, LVEF and LAD were not different between the 
two groups (p > 0.05). RV diamaters, sPAP and Tissue dop-
pler RV MPI were significantly higher in the COVID-19 
patients compared to control group (p < 0.05). TAPSE and 
RV FAC were significantly lower in the COVID-19 group 
compared to control group (p < 0.05). RV-GLS (− 19.6 ± 5.2 
vs. − 15.1 ± 3.4, p < 0.001) and RV-FWLS (− 19.6 ± 5.2 vs. 
− 17.2 ± 4.4, p < 0.001) values were significantly lower in the 
COVID-19 group than the control group. The relationships 

Table 1  Baseline characteristics and laboratory findings of the study 
population

p values < 0.05 were defined as statistically significant
Data are given as mean ± SD, median or n (%)
COVID-19 coronavirus disease 2019, BMI body mass index, DM dia-
betes mellitus, HTN hypertension, N.A. not applicable

Parameters Control
(n = 105)

COVID-19
(n = 105)

p value

Age, years 43.4 ± 12.7 44.5 ± 13.1 0.534
Gender, male, n (%) 65 (61) 63 (60) 0.172
BMI, kg/m2 22.5 ± 2.1 22.8 ± 2.6 0.098
HTN, n (%) 40 (38) 38 (36) 0.169
DM, n (%) 20 (19) 23 (12) 0.158
Hyperlipidemia, n (%) 7 (6) 9 (8) 0.249
Smoking, n (%) 47 (44) 42 (40) 0.365
White blood cell count,  103 (μL) 6.4 ± 1.6 8 ± 3.2  < 0.001
Neutrophil,  103 (μL) 4.1 ± 2.2 5.5 ± 2.2  < 0.001
Lymphocyte,  103 (μL) 1.1 ± 0.3 0.9 ± 0.3  < 0.001
Monocyte,  103 (uL) 0.53 ± 0.3 0.61 ± 0.3 0.654
Platelet,  103 (μL) 234 ± 77 244 ± 80 0.278
Hemoglobin, g/dl 13 ± 1.6 12.4 ± 1.7 0.208
Glucose, mg/dl 96.0 ± 8.5 95.5 ± 9.2 0.426
Aspartate aminotransferase, IU/l 29.9 ± 7.6 27.9 ± 9.7 0.348
Alanine aminotransferase, IU/l 29.5 ± 9.4 28.2 ± 15.5 0.485
Creatinine mg/dl 0.87 ± 0.22 0.86 ± 0.23 0.532
Sodium, mEq/L 137 ± 3 137.1 ± 3.1 0.437
Calcium, mg/dl 9.40 ± 0.55 9.45 ± 0.57 0.619
Potassium, mmol/L 4.2 ± 0.3 4.1 ± 0.3 0.455
Neutrophil to lymphocyte ratio 3.7 ± 1.6 6.1 ± 2.7  < 0.001
C—reactive protein, mg/L 10.6 ± 6.8 N.A N.A
Ferritin, ng/mL 208 ± 98 N.A N.A
D-dimer, ng/mL 350 ± 210 N.A N.A

Table 2  Electrocardiographic and echocardiographic characteristics 
of study population±

p values < 0.05 were defined as statistically significant
Data are given as mean ± SD or (%)
Bpm beats per minute, LVEF left ventricular ejection fraction, LVEDd 
left ventricular end-diastolic diameter, LVESd left ventricular end-
systolic diameter, LVSWT left ventricular septal wall thickness, PWT 
posterior wall thickness, LVMI left ventricular mass index, LAD (a–p) 
left atrium diamater anterior posterior, RV right ventricle, RV FAC 
right ventricular fractional area change percentage, RV MPI right 
ventricular myocardial performance index, TAPSE tricuspid annular 
plane systolic excursion, sPAP systolic Pulmonary arterial pressure, 
RV-FWLS right ventricle free-wall longitudinal strain, RV-GLS RV 
global longitudinal strain

Parameters Control
(n = 105)

COVID-19
(n = 105)

p value

Heart rate, bpm 78.7 ± 8 77.2 ± 6 0.475
LVEF, % 62.5 ± 1.4 62.7 ± 1.2 0.234
LVESd, mm 31.1 ± 1.9 32.5 ± 2.3 0.125
LVEDd, mm 45.2 ± 16.3 44.1 ± 2.3 0.109
LVSWT, mm 10.2 ± 0.7 10 ± 0.6 0.302
PWT, mm 9.2 ± 0.5 9 ± 0.6 0.136
E/e′ (lateral) ratio 9.3 ± 3.5 9.0 ± 3.1 0.065
LAD (a–p), mm 34.8 ± 2.2 35.2 ± 2.6 0.127
sPAP, mmHg 23.4 ± 4.4 28.1 ± 5.5  < 0.001
RV mid-diamater, mm 25.1 ± 3.1 26.1 ± 2 0.042
RV basal-diamater, mm 29.3 ± 3 30.3 ± 2.9 0.023
RV-FAC, (%) 46.4 ± 5.4 43.4 ± 5.8  < 0.001
Tissue doppler RV MPI 0.38 ± 0.03 0.48 ± 0.08  < 0.001
TAPSE, mm 24 ± 4.4 22.4 ± 2.6  < 0.001
RV S’ cm/s 13.5 ± 2.1 12.9 ± 3.5 0.013
RV-GLS, (%) −18.5 ± 3.2 -15.1 ± 3.4  < 0.001
RV-FWLS, (%) −19.6 ± 5.2 -17.2 ± 4.4  < 0.001
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of the RV-GLS and RV-FWLS values with NLR, D-dimer, 
CRP, ferritin were evaluated via Spearman’s correlation 
analyses. The results yielded by Spearman’s correlation 
analysis are presented in Table 3. A statistically significant 
negative correlation relationship was detected between the 
RV-GLS and RV-FWLS values and NLR, D-dimer, CRP, 
ferritin.  

Discussion

In this study, right ventricular functions were assessed with 
2D echocardiography at third month after mild severity 
COVID-19 disease. After 3 months follow-up, TAPSE, RV-
FAC, RV-GLS and RV-FWLS parameters were significantly 
lower in patients with mild severity COVID-19 disease than 
healthy controls, however RV diameters, RV-MPI and sPAP 
values were significantly higher. Negative correlation was 
detected during active infection period between RV-GLS, 
RV-FWLS measurements and levels of inflammatory mark-
ers including CRP, ferritin, NLR and D-dimer. These results 
implies that mild severity COVID-19 disease may lead to 
decrease in RV-GLS and RV-FWLS parameters that is 
related to levels of CRP, NLR, ferritin and D-dimer.

The outbreak of COVID-19 (coronavirus disease 2019) 
caused by SARS-CoV-2 (acute respiratory syndrome cor-
onavirus-2) is a continuing global health crisis. It is well 
known that COVID-19 disease causes multi organ involve-
ment and the presence of cardiac involvement is related to 
poor outcomes [12]. Several studies reported that COVID-19 
related myocardial damage is associated with worse progno-
sis [13, 14]. Standard 2D echocardiography is very useful in 
COVID-19 patients and it allows to assess disease severity, 
ventricular functions and hemodynamic state non-invasively. 
2D speckle tracking echocardiography (2D-STE), may 
detect myocardial dysfunction and subclinical myocardial 

deformation earlier and more accurate than standard 2D 
echocardiography [15]. Therefore we used 2D-STE in addi-
tion to standard 2D echocardiographic assessment in order to 
evaluate long term effects of COVID-19 on right ventricular 
functions.

Mechanisms underlying COVID-19 related right ven-
tricular damage include increased right ventricular after-
load and decreased right ventricular contractility due to 
several factors such as acute respiratory distress syndrome, 
pulmonary vascular thrombosis, direct viral myocardial 
damage, hypoxia, inflammatory response and autoimmune 
damage [16]. Segmental wall motion abnormality or global 
hypokinesia at right ventricle might develop in COVID-
19 and these abnormalities are detected more accurately 
with 2D-STE. Li et al. reported that despite normal left 
ventricular ejection fraction values, decreased RV-LS is a 
strong predictor of mortality in COVID-19 patients [17]. 
In another study, it is demonstrated that decreased RV-GLS 
values were detected to be strong and independent predictor 
of poor outcomes in patients with COVID-19 [18]. Bay-
can et al. expressed that decreased RV-GLS is related to 
in-hospital mortality in COVID-19 cases [5]. Günay et al. 
demonstrated that RV-GLS values decreased during active 
infection in patients with moderate and severe COVID-19 
pneumonia [6]. In our study, we detected that RV-GLS and 
RV-FWLS parameters were decreased at third months after 
mild severity COVID-19 disease. These results implies that 
unfavorable cardiovascular effects of mild severity COVID-
19 disease such as decreased levels of RV-GLS and RV-
FWLS may persists long term.

Viral infections, including SARS-CoV-2, can cause a 
severe inflammatory response. CRP, ferritin levels and 
NLR are important indicators of systemic inflammation in 
COVID-19 patients. Yenercag et al. showed that CRP lev-
els were high in patients with COVID-19 [19]. In a study 
investigating the early stage of COVID-19, CRP levels were 
found to reflect disease severity and should be used as a key 
indicator for disease monitoring [20]. Yang et al. showed in 
their study on COVID-19 patients that high NLR could be 
considered as an independent biomarker to show poor clini-
cal results [21]. In a meta-analysis by Lagunas-Rangel, they 
showed that increased NLR levels in COVID-19 patients 
may indicate poor prognosis [22]. Elevated ferritin levels 
have been found to significantly correlate with disease sever-
ity in COVID-19 infected patients [23]. A prior study found 
that, compared to moderate cases of COVID-19, severe cases 
had higher ferritin levels [24]. In our study, mean values of 
CRP and ferritin levels which were measured at the time of 
COVID-19 diagnosis established were detected higher than 
normal cut-off values and NLR value was detected higher 
in COVID-19 patients than normal population. Additionally, 
negative correlation between inflammatory markers includ-
ing CRP, ferritin and NLR levels during active infection and 

Table 3  Bivariate correlation analysis between right ventricular 
2D-STE parameters and inflammatory markers in the COVID-19 
group

2D-STE two dimensional speckle-tracking echocardiography, CRP 
C—reactive protein, NLR neutrophil to lymphocyte ratio, PLR plate-
let to lymphocyte ratio, LMR lymphocyte to monocyte ratio, RV-
FWLS right ventricle free-wall longitudinal strain:RV-GLS RV global 
longitudinal strain

Variables RV-GLS, (%) RV-FWLS, (%)

CRP, mg/L r = − 0.595 p < 0.001 r = − 0.608 p < 0.001
D-dimer, ng/mL r = − 0.551 p < 0.001 r = − 0.557 p < 0.001
Ferritin, ng/mL r = − 0.310 p = 0.001 r = − 0.334 p < 0.001
NLR r = − 0.428 p < 0.001 r = − 0.440 p < 0.001
PLR r = − 0.307 p < 0.001 r = − 0.319 p < 0.001
LMR r = 0.329 p < 0.001 r = 0.340 p < 0.001
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long term echocardiographic parameters such as RV-GLS, 
RV-FWLS detected. These findgins supports that there is 
a possible relationship between the severity of inflamma-
tion during acute infection and long term RV-GLS and 
RV-FWLS measurements. In addition, these results demon-
strates that COVID-19 disease may lead to permanent long 
term cardiovascular effects even its severity was mild.

Uncontrolled inflammatory response which develops dur-
ing the COVID-19 disease course causes increased produc-
tion of thrombin and endothelial dysfunction. In addition, 
COVID-19 related hypoxemia increases blood viscosity 
and may lead to predisposition for thrombus formation. 
Increased inflammatory burden and changes in hemostatic 
pathways results in high D-dimer levels [25, 26]. Lippi 
et al. reported that D-dimer levels are increased in near 
half of patients with COVID-19 disease [27]. Zhaohai et al. 
expressed in a meta-analysis that; raised D-dimer levels are 
associated with disease severity and mortality [28]. In our 
study; high D-dimer levels was detected in 36.6% of the 
patients with mild severity COVID-19 disease. Pulmonary 
vascular thrombosis and pulmonary embolism which may 
present with increased D-dimer levels may be the under-
lying cause of right ventricular dysfunction in COVID-19 
disease. In this study, we demonstrated that D-dimer levels 
assessed in the acute stage of the infection was negatively 
correlated with long term RV-GLS and RV-FWLS measure-
ments. These results implies that high values of D-dimer 
during the acute infection may be associated with decrease 
in RV-GLS and RV-FWLS in long term follow up.

SARS-CoV-2, may cause impaired immune system and 
uncontrolled inflammatory response in some patients. Pro-
longed healing period due to local and systemic inflamma-
tory responses may cause long term cardiovascular effects 
[29]. Long term cardiovascular effects of COVID-19 is 
still unknown. Therefore, it is important that patients with 
COVID-19 should be followed up for detection and treat-
ment of possible subclinical cardiovascular effects. In this 
study; long term effects of mild severity COVID-19 disease 
which constitute the majority of patients, on right ventricular 
functions were evaluated. Our findings support that COVID-
19 might cause long term cardiovascular effects.

Conclusion

To our knowledge, our study is first to evaluate the long 
term effects of mild severity COVID-19 disease on right 
ventricular functions. In our study, it was found that RV-GLS 
and RV-FWLS decreased in the long term (third month) 
follow-up of patients treated for mild severity COVID-19 
disease. Additionally, it is demonstrated that increased CRP, 
NLR, PLR, ferritin and D-dimer levels during acute infec-
tion is related to decreased RV-GLS and RV-FWLS values. 

2D- speckle tracking echocardiography may be used for both 
detection and follow-up for possible long term right ven-
tricular dysfunction after mild severity COVID-19 disease. 
These findings demonstrate the need for new large-scale, 
prospective studies evaluating the long term cardiovascular 
effects of COVID-19 disease.

Limitations

The data was derived from a single center, and the sam-
ple size was relatively small. Other inflammatory markers 
including interleukin-6, erythrocyte sedimentation rate etc. 
were not evaluated. Strain echocardiographic evaluation 
was only performed for right ventricular functions; how-
ever strain of left sided chambers were not measured. Due 
to the absence of echocardiographic datas before COVID-19 
disease; it is difficult to determine that myocardial defor-
mation was either present before the COVID-19 disease or 
developed after the disease. In addition, excluding patients 
with increased troponin levels restricts the reflection of study 
results to large populations. Confirmation of RV dysfunc-
tion by cardiovascular magnetic resonance imaging could 
strengthen our results.
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