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Abstract

It has been reported that myocardial damage and heart failure are more common in COVID-19 patients with severe symptoms.
The aim of our study was to measure the right ventricular functions of COVID-19 patients 30 days after their discharge, and
compare them to the right ventricular functions of healthy volunteers. Fifty one patients with COVID-19 and 32 healthy vol-
unteers who underwent echocardiographic examinations were enrolled in our study. 29 patients were treated for severe and 22
patients were treated for moderate COVID-19 pneumonia. The study was conducted prospectively, in a single center, between
15 May 2020 and 15 July 2020. We analyzed the right ventricular functions of the patients using conventional techniques and
two-dimensional speckle-tracking. Right ventricular end-diastolic and end-systolic area were statistically higher than control
group. The right ventricular fractional area change (RVFAC) was significantly lesser in the patient group compared to the
control group. Tricuspid annular plane systolic motion (TAPSE) was within normal limits in both groups, it was lower in the
patient group compared to the control group. Pulmonary artery pressure was found to be significantly higher in the patient
group. Right ventricular global longitudinal strain (RV-GLS) was lesser than the control group (- 15.7 [(—12.6)-(—18.7)]
vs. —18.1 [(—14.8)—(—21)]; p 0.011). Right ventricular free wall strain (RV-FWS) was lesser in the patient group compared
to the control group (— 16 [(—12.7)—(—19)] vs —21.6 [(— 17)—~(—25.3)]; p<0.001). We found subclinical right ventricular
dysfunction in the echocardiographies of COVID-19 patients although there were no risk factors.

Keywords COVID-19 - Echocardiography - Right ventricular function - Speckle tracking echocardiography - Comorbidity

Introduction
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sinayarTe COVID-19 is a recently recognised viral illness that has

spread rapidly worldwide. Viral involvement in the cardio-
vascular and respiratory system is the most significant pre-
dictor of morbidity and mortality in COVID-19 [1, 2].

It has been shown that COVID-19 may cause right and
left ventricular systolic dysfunction, acute myocardial infarc-
tion, cardiomyopathy and myocarditis [3—8]. It has been
reported that myocardial damage and heart failure are more
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common in COVID-19 patients with severe symptoms [9].

The pulmonary circulation and the right ventricular func-
tions are affected due to the involvement of respiratory sys-
tem. The right ventricle is more susceptible to impairment
when compared to left ventricle, due to the increased right
ventricular afterload. Techniques, such as three-dimensional
evaluation of the right ventricular ejection fraction, tissue
Doppler imaging and strain imaging, enable us to detect
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the impairment of systolic functions in the right ventricle.
Additionally, subclinical right ventricular dysfunction can
be detected through two-dimensional speckle-tracking echo-
cardiography [10-12].

The risk of severe COVID-19 is known to be higher
among the elderly and those who have underlying comorbid-
ities. Nonetheless, the illness can occur in healthy individu-
als of any age and progress with severe symptoms [13, 14].

It is unclear how much damage or sequelae remain in
patients after the active period of COVID-19 infection. In
our study, we measured the right ventricular functions of
COVID-19 patients 30 days after their discharge and com-
pared them to the right ventricular functions of healthy
volunteers.

Method
Study population

We conducted a prospective study between 15 May 2020
and 15 July 2020, in Umraniye Training and Research Hos-
pital, Istanbul, Turkey. A total of 51 adult patients of which
29 with severe and 22 with moderate COVID-19 pneumonia
under the clinical and radiological definition of the World
Health Organization, were included in the study 30 days
after their discharge. 32 healthy volunteers with demo-
graphic characteristics similar to the patient group were
included in the control group. Clinical, radiological and
laboratory information were collected from the hospital’s
medical database. Blood samples of the patients were taken
at the admission. Echocardiography was performed 30 days
after discharge.

Patients over 18 years of age without comorbidity were
enrolled to the study. Initially, patients with bilateral mod-
erate to severe lung involvement on computed tomography,
positive SARS-CoV PCR test, and patients who were nega-
tive for two consecutive SARS-CoV PCR tests after dis-
charge were included in the study. Patients with a history of
coronary artery disease, hypertension, right or left ventricu-
lar failure, atrial fibrillation, right and left bundle branch
block, moderate-severe valve pathology, diabetes mellitus,
anemia, chronic renal failure, thyroid dysfunction, pulmo-
nary hypertension, pulmonary embolism, cancer, rheumatic
valve disease, chronic lung disease, BMI> 30 kg/mz, and
patients diagnosed with acute coronary syndrome and myo-
carditis during their hospitalization were excluded.

Echocardiographic examinations
Transthoracic echocardiographic examinations were per-

formed in all patients using the EPIQ 7C ultrasound system
(Philips Medical Systems, Andover, Massachusetts). The
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procedure was performed at midday to eliminate the effect of
circadian changes on diastolic dysfunction. All the recorded
echocardiographic images were stored and analysed by two
independent observers. Two-dimensional and M-mode tran-
sthoracic echocardiographies were performed on the basis of
the guidelines of the American Society of Echocardiography
[15]. M mode measurements, left ventricular end-diastolic
(LVEDD) and end-systolic diameter (LVESD), interven-
tricular septum (IVS), posterior wall (PW) and left atrium
(LA) diameter were measured from the parasternal long axis.
Right ventricular (RV) diastolic diameter, RV diastolic area,
RV systolic area and right ventricular apicobasal height were
determined from the RV focused apical 4-chamber view.
RVFAC was calculated. Mitral and tricuspid early diastolic
and late diastolic maximal flow velocities were measured
from the apical 4-chamber view by using pulse wave (PW)
Doppler. Left ventricular ejection fraction (LVEF) was cal-
culated by using the Teicholz method. Pulmonary artery
systolic pressure was calculated from the tricuspid regurgi-
tation jet using Bernoulli’s equation. Estimated pulmonary
artery systolic pressure (sPAP) was calculated by adding
5-10 mmHg to these values according to the vena cava infe-
rior width. Intermittent flow spectral mode was used for tis-
sue Doppler imaging. Systolic, early and late diastolic tissue
velocities were measured by taking tissue Doppler images
from the tricuspid lateral annulus in the apical 4-chamber
image. Right ventricle myocardial performance index (MPI)
was calculated with tissue Doppler. TAPSE was measured
using the tricuspid annular M mode.

Measurement of right ventricular strain

Strain measurements by two-dimensional speckle-tracking
echocardiography method were conducted according to the
recommendations of the current echocardiography guideline
[16]. All of the images were analysed using 2D AutoStrain
software (Qlab, Philips Healthcare, Andover, Massachu-
setts). Since there was no software to process the right ven-
tricular strain pattern, the software for the left ventricular
strain pattern was used. After tracing the RV endocardial
border, the region of interest was automatically generated.
Global right ventricular free wall strain value was calculated
as the mean of the strain values in the 3 segments of the RV
free wall.

Statistical analysis

All data were analysed using SPSS (Statistical Package for
Social Sciences) software version 22.0. Mean + Standard
deviation was used for descriptive parameters. For compari-
son of quantitative data, student-t test (normally distributed
data), and Mann Whitney-U test (non-normally distributed
data) was used. Paired sample-t test was used for in-group
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comparisons of parameters, and chi-square test was used
for comparison of qualitative data. The relationships among
the inflammatory parameters with RV free wall strain were
assessed using Pearson’s or Spearman’s correlation analy-
ses according to the normality of the data. The results were
evaluated within a 95% confidence interval. A p value <0.05
was considered to indicate statistical significance.

Results

Among the 51 patients included in this study, 39 were male
(77%), and the mean age was 45.3 + 11.2. The most com-
mon complaint of the patients during their hospitalization
was cough (75%). Other symptoms were high fever (59%),
dyspnoea (36%), and chest pain (24%). The average length
of stay of the patients in the hospital was 10.5 (6—13) days.
Clinical, demographic and laboratory characteristics of the
patients are listed at Table 1.

All the patients were treated according to the national
COVID-19 treatment guideline. The treatments included
hydroxychloroquine, favipravir, antibiotics [17]. Sc heparin
was given to all patients and pulmonary embolism was not
documented in any patient. Oxygen therapy was also given

to all patients. Non-invasive mechanical ventilation was per-
formed in three patients in the intensive care unit.
Echocardiography parameters were given in the Table 2.
LVEDD and LVESD, IVS and PW, LVEF and LA diameters
were similar between the groups. By using PW, while late
diastolic peak velocity (A) was higher in the patient group
compared to the healthy group, transmitral early diastolic
peak velocity (E) was similar in both groups. While the RV
height was significantly higher than the control group, the right
ventricular end-diastolic diameter was lower than the control
group. Right ventricular end-diastolic and end-systolic area
were statistically higher than control group (p <0.001). The
RVFAC was significantly less in the patient group compared to
the control group (43.4+7.8 vs. 51.5+6.2; p<0.001). TAPSE
was within normal limits in both groups however, it was lower
in the patient group compared to the control group (p 0.006).
Pulmonary artery pressure was found to be significantly
higher in the patient group compared to the control group
(27.9+4.8 mmHg vs 22.2+7.3 mmHg; p<0.001). While
PW and transtricuspid early diastolic (E) were similar in both
groups, late diastolic (A) was lesser in control group.Tricuspid
valve S, E, A values evaluated by tissue Doppler were similar
in both groups. MPI calculated by right ventricular tissue Dop-
pler was significantly higher in the patient group compared
to the control group (0.58 +0.06 vs. 0.39+0.04; p<0.001).

Table 1 Clinical, demographic

> Variables Patients Control patients (n:32) p values
and .laborator.y cha'racterls.tlcs of 0:51)
Covid-19 patients in hospital
Age, years 453+11.2 46.5+9.6 0.312
Male gender, n (%) 39 (77%) 28 (88%) 0.091
BMI, kg/m? 27.4+2.7 26.1+3 0.502
Systolic blood pressure, mmHg 116.3+9.8 122+5.3 0.115
Diastolic blood pressure, mmHg 73.8+7.1 77.8+6.8 0.097
Pulse, beats/min 89.2+13.9 82.3+10,7 0.104
Sa0, 90.4+3.4 93.3+1,8 0.082
Symptoms n, %
Dispnea 18 (36%)
Fever 30 (59%)
Cough 38 (75%)
Chestpain 12 (24%)
WBC 6100 [4787-8925]

Neutrophil, count
Lymphocyte, count
Hemoglobin, g/dL

Platelet

CRP, mg/dL

LDH, U/L

D-dimer, rng/mL

Length of hospital stay, days

3615 [2467-5402]
1300 [878-1807]
139+13
201.5+64.2
4.15[0.7-11]

267 [206-425]
640 [417-1262]
10.5 [6-13]

BMI body mass index, SaO, arterial oxygen saturation, WBC white blood cell, CRP C-reactive protein,

LDH Lactate dehydrogenase
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Table 2 Echocardiographic

. . ¢ . Variables Patients (n:51) Control group (n:32)

findings in covid-19 pneumonia

patients vs control group LVEDD, cm 4.83+0.33 4.68+0.35 0.059
LVESD, cm 2.95+0.33 2.84+0.27 0.130
LA, cm 3.47+0.30 3.31+0.45 0.095
IVS, cm 0.93+0.13 0.89+0.08 0.077
PW, cm 0.89+0.15 0.83+0.12 0.058
LVEF % 65.4+2.7 65.1+2.8 0.602
Mitral E 74+ 14 78+ 14 0.198
Mitral A 71+16 61+15 0.005
RV-GLS % —15.7 [(- 12.6)—(— 18.7)] —18.1 [(— 14.8)-(—21)] 0.011
RA area, mm?> 114+24 123+2 0.77
RV EDD bazal, cm 2.57+0.32 3.11+0.24 <0.001
RV EDD mid, cm 2.1+0.21 23+0.24 <0.001
RV height, cm 7.1+£04 6.5+0.5 <0.001
RV ED area, mm? 19.8+3.4 16.1+3.1 <0.001
RV ES area, mm? 11.1£2.5 77+1.2 <0.001
RVFAC % 43.4+7.8 51.5+6.2 <0.001
TAPSE cm 2.24+0.26 2.50+0.44 0.006
Trikiispid E 58+11 59+12 0.925
Trikiispid A 58+17 44+10 <0.001
RV MPI 0.58+0.06 0.39+0.04 <0.001
Trikiispid tdi E* 14+3 13+3 0.117
Trikiispid tdi A® 15+4 16+5 0.653
Trikiispid tdi S 14+2 15+2 0.459
sPAP, mmHg 279+4.8 222+73 <0.001
RV-FWS —16 [(—12.7)—(—19)] —21.6 [(—17)-(—25.3)] <0.001

LVEDD left ventricular end-diastolic diameter, LVESD left ventricular end- systolic diameter, LA left atrial,
1VS interventricular septum, PW posterior wall, LVEF left ventricular ejection fraction, RV-GLS right ven-
tricular global longitudinal strain, RA right atrial area, RV EDD right ventricular end-diastolic diameter, RV
ES righ ventricular end-systolic, RVFAC right ventricular fractional area change, TAPSE tricuspid annular
plane systolic excursion, RV MPI right ventricle myocardial performance index, 7di tissue Doppler imaging,

sPAP systolic pulmonary artery pressure, RV-FWS RV Free wall strain

Right ventricular GLS was measured less than the control
group (—15.7 [(—12.6)—(—18.7)] vs. —18.1 [(— 14.8)—(—21)];
p 0.011). Right ventricular free wall strain was found to be
significantly less in the patient group compared to the control
group (—16 [(—12.7)=(—=19)] vs —21.6 [(—17)—(=25.3)];
p<0.001) (Fig. 1).

The relationships of the RV-FWS values with inflammatory
markers were evaluated via Spearman’s or Pearson’s correla-
tion analyses. A weak positive correlation was found between
RV-FWS and WBC, a moderate positive correlation was found
between RV-FWS and LDH, a strong positive correlation was
found between RV-FWS and CRP, and a weak positive correla-
tion was found between RV-FWS and d-dimer. No significant
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correlation was found between RV-FWS and neutrophil and
lymphocyte count (Table 3).

Discussion

Our study is a prospective study comparing the right ven-
tricular functions of patients treated for moderate-severe
COVID-19 pneumonia and healthy volunteers using con-
ventional echocardiography and 2D STE. We found nor-
mal left ventricular systolic functions in the patient group
but a subclinical impairment in right ventricular functions.
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Fig. 1 2D speckle-tracking strain image of right ventricle. a Control patient; b COVID-19 patient

Table 3 Correlation of right ventricle free wall strain with inflamma-
tory markers

r P
WBC 0.392 0.001
Neutrophil —0.100 0.486
Lymphocyte —0.240 0.445
LDH 0.428 0.003
CRP 0.612 <0.001
D-dimer 0.287 0.05

CRP C-reactive protein, LDH lactate dehydrogenase, WBC white
blood cell

How much damage or sequelae remain in patients after
the period of active COVID-19 infection is currently
unknown. Studies with long-term follow-up of patients
are needed. Previous studies with MERS and SARS-CoV
can guide us for COVID-19.

In a study in which patients with SARS-CoV infection
were followed for 12 years, 44% of the patients developed
cardiovascular abnormalities [18]. Acute myocarditis and
myocardial edema developing after MERS-CoV infection
was demonstrated by magnetic resonance imaging. In the
3 month follow up of these patients, it was found that severe
left ventricular dysfunction persisted [19].

There are many studies showing the cardiac complica-
tions in patients with community-acquired pneumonia
[20-23]. Corrales-Medina et al. found that the risk of active
cardiovascular disease increased for several years after hos-
pitalization in these patients [24].

COVID-19 infection can cause cardiac damage by various
mechanisms. These are cytokine storm and multiple organ
failure due to acute systemic inflammatory response, oxy-
gen demand—supply mismatch in myocardium secondary
to severe hypoxia resulting from acute respiratory failure,
cardiotoxicity due to the agents used in treatment, coronary
thrombosis due to plaque rupture and embolic complication
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caused by tendency to thrombosis due to systemic inflam-
mation and direct invasion of the virus [25, 26].

SARS-CoV-2 triggers systemic inflammation and coagu-
lopathy. There are many publications showing thromboem-
bolic complications of the virus. Although some patients
receive anticoagulant therapy, thromboembolic complica-
tions may occur [27]. Thrombotic microangiopathy and
widespread microthrombosis were observed in postmortem
histopathological studies. Therefore, one of the reasons of
echocardiographic changes in our study may be subclinical
pulmonary microthrombi [28, 29].

It is known that viral infections as human immunodefi-
ciency virus (HIV) and human herpesvirus 8 (HHV-8) play
arole in the ethiology of pulmonary hypertension [30, 31].
Pulmonary vascular effects of COVID-19 infection are simi-
lar to the pathology of pulmonary hypertension [32, 33]. In
our study, we found significantly higher pulmonary artery
pressure in the patient group compared to the control group.
In the following years, patients with moderate to severe
COVID-19 infection may also develop primary pulmonary
hypertension. Therefore, the long-term effects of COVID-19
on the pulmonary circulation should be investigated.

Ming-Yen et al. performed cardiac magnetic resonance
imaging (MRI) on 16 patients with mild-moderate COVID-
19 infection, a median of 56 days after discharge. Their
found abnormal cardiac MR findings in 56% of the patients
[34]. In another cardiac MRI study of 100 adult patients,
67 of whom were mildly ill, who recovered from COVID-
19 infection, researchers showed that 78% of patients had
cardiac involvement and 60% had ongoing myocardial
inflammation [35]. These cardiac MRI studies performed
on discharged patients with COVID-19 infection support the
findings in our study.

Elsayed et al. found a high rate of right ventricular dila-
tation and dysfunction in COVID-19 patients in their echo-
cardiographic study, but found that left ventricular function
rarely worsened [36]. Szekely et al. found that left ventricu-
lar systolic function is preserved in most patients, but left
ventricular diastolic function and right ventricular function
may be impaired [37].

In the echocardiographic study performed in 1216 hos-
pitalized patients with COVID-19 from 69 countries on
six continents, abnormal echocardiographic findings were
found in 667 (55%) patients. Researchers observed the right
ventricular abnormalities in a quarter of patients that were
more common in patients with more severe symptoms of
COVID-19 [38]. These abovementioned findings were simi-
lar with the results of our study. Different from our study,
Krishnamoorthy et al. reported right ventricular dysfunction
in 41.7% of the patients and left ventricular dysfunction in
58.3% via using two-dimensional speckle-tracking echocar-
diography [39]. It was found that right ventricular longitudi-
nal strain was a strong predictor of mortality in COVID-19
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patients [40]. In our study, we found that RV-GLS and RV-
FWS values were less in the patient group compared to the
control group.

While some of the patients who had COVID-19 pneumo-
nia had a decrease in left ventricular EF, it was found to be
within normal limits in another patients. Patients with low
left ventricular EF are mostly the group of patients who have
severe-critical COVID-19 pneumonia and have comorbidi-
ties. Although left ventricular EF is normal, there are also
patients with a disorder detected in strain echocardiography
studies [37—41]. Since our patients are a group of patients
with moderate-to-severe COVID-19 pneumonia without
comorbidity, we may have found left ventricular EFs nor-
mal. Similar to other studies, we think that we might have
found deterioration in the left ventricular strain in our patient
group.

Baycan et al. found that left ventricular global longitudi-
nal strain and right ventricular longitudinal strain decreased
in COVID-19 patients with severe symptoms, compared to
patients without severe symptoms and the control group.
However, these patients consisted of those with comorbidi-
ties. In this study, there was no statistically significant dif-
ference in RVFAC values between the patient and control
groups [41]. In our study, we found that the RVFAC value
was significantly lower in the patient group compared to the
control group. Our study showed that right ventricular dys-
function continued in the first month after discharge.

Conclusion

Since COVID-19 is a new infection, its long-term effects are
unknown. We found subclinical right ventricular dysfunc-
tion in the echocardiographic analysis of COVID-19 patients
although there were no risk factors. These findings indicate
the need for ongoing investigation of the long-term cardio-
vascular consequences of COVID-19. Long-term follow-up
of patients with especially severe and critical COVID-19
pneumonia can be done by strain echocardiography.

Limitations

The study was a single center study and the sample size was
relatively small. The limitations of our study are that the
patients did not have basal echocardiography and the follow-
up period was short. Confirmation of RV dysfunction by
cardiovascular magnetic resonance imaging and correlation
with RV-GLS could strengthen our results.
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