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Abstract
Myocardial injury caused by COVID-19 was reported in hospitalized patients previously. But the information about cardiac 
consequences of COVID-19 after recovery is limited. The aim of the study was comprehensive echocardiography assess-
ment of right ventricular (RV) in patients recovered from COVID-19. This is a prospective, single-center study. After 
recovery from COVID-19, echocardiography was performed in consecutive 79 patients that attended follow-up visits from 
July 15 to November 30, 2020. According to the recovery at home vs hospital, patients were divided into two groups: home 
recovery (n = 43) and hospital recovery (n = 36). Comparisons were made with age, sex and risk factor-matched control 
group (n = 41). In addition to conventional echocardiography parameters, RV global longitudinal strain (RV-GLS) and RV 
free wall strain (RV-FWS) were determined using 2D speckle-tracking echocardiography (2D STE). Of the 79 patients 
recovered from COVID-19, 43 (55%) recovered at home, while 36 (45%) required hospitalization. The median follow-up 
duration was 133  ±  35 (87–184) days. In patients recovered from hospital, RV-GLS and RV-FWS were impaired compared 
to control group (RV-GLS: −17.3  ±  6.8 vs. −20.4  ±  4.9, respectively [p = 0.042]; RV-FWS: −19.0  ±  8.2 vs. −23.4  ±  6.2, 
respectively [p = 0.022]). In subgroup analysis, RV-FWS was impaired in patients severe pneumonia (n = 11) compared 
to mild-moderate pneumonia (n = 28), without pneumonia (n = 40) and control groups (−15.8  ±  7.6 vs. −21.6  ±  7.6 vs. 
−20.8  ±  7.7 vs. −23.4  ±  6.2, respectively, [p = 0.001 for each]) and RV-GLS was impaired compared to control group 
(−15.2  ±  6.9 vs. −20.4  ±  4; respectively, [p = 0.013]). A significant correlation was detected between serum CRP level at 
hospital admission and both RV-GLS and RV-FWS (r = 0.285, p = 0.006; r = 0.294, p = 0.004, respectively). Age (OR 0.948, 
p = 0.010), male gender (OR 0.289, p = 0.009), pneumonia on CT (OR 0.019, p = 0.004), and need of steroid in treatment 
(OR 17.424, p = 0.038) were identifed as independent predictors of impaired RV-FWS (> −18) via multivariate analysis. 
We demonstrated subclinic dysfunction of RV by 2D-STE in hospitalized patients in relation to the severity of pneumonia 
after recovery from COVID-19. 2D-STE supplies additional information above standard measures of RV in this cohort and 
can be used in the follow-up of these patients.
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Introduction

The coronavirus disease 2019 (COVID-19) caused by severe 
acute respiratory syndrome coronavirus 2 (SARS-CoV-2) 
involves primarily the respiratory system, but also can lead 
to cardiac impairment [1, 2]. Currently studies have dem-
onstrated the presence of myocardial damage, including 
left ventricular (LV) dysfunction and myocarditis, associ-
ated with in-hospital mortality in COVID-19 patients [2–4]. 
The lungs are the major organ involved in COVID-19, so 
right ventricle (RV) is more likely to be affected compared 
to LV because of increased RV afterload. Previous studies 

 * Pelin Karaca Ozer 
 pkaracaozer@gmail.com

1 Istanbul Medical Faculty, Department of Cardiology, 
Istanbul University, Topkapi Mahallesi, Turgut Ozal Millet 
Caddesi, 34093 Fatih/Istanbul, Turkey

2 Istanbul Medical Faculty, Department of Internal Medicine, 
Istanbul University, Istanbul, Turkey

3 Istanbul Medical Faculty, Department of Infectious Diseases 
and Clinical Microbiology, Istanbul University, Istanbul, 
Turkey

http://orcid.org/0000-0002-1085-5462
http://crossmark.crossref.org/dialog/?doi=10.1007/s10554-021-02214-2&domain=pdf


2388 The International Journal of Cardiovascular Imaging (2021) 37:2387–2397

1 3

reported RV dysfunction in patients with acute respiratory 
distress syndrome and respiratory failure [5, 6]. But limited 
information is available for RV involvement in COVID-19 
patients, especially after recovery. Standard measurements 
of conventional echocardiography may be insufficient to 
detect subclinical abnormalities of RV [5, 7]. It has been 
demonstrated that RV longitudinal strain (RVLS) obtained 
from two-dimensional speckle tracking echocardiography 
(2D STE) is an objective and sensitive method for detect-
ing silent impairment of RV systolic function [7, 8]. So far, 
RVLS has been studied and shown to be associated with 
prognosis in hospitalized patients with COVID-19, defined 
as a better predictor of mortality than conventional param-
eters of RV [9, 10]. To the best of our knowledge, assess-
ment of RV with 2D STE has not been reported in patients 
recovered from COVID-19.

Materials and methods

Study design and population

After recovery, echocardiography was performed in consec-
utive 79 patients that attended follow-up visits at Istanbul 
University Faculty of Medicine COVID-19 Outpatient Clinic 
from July 15 to November 30, 2020.

All other clinical conditions that may impair RV strain 
analysis were determined as the exclusion criteria. In this 
respect, patients with older age (> 85 years old), preexist-
ing cardiovascular disease (heart failure, coronary artery 
disease, valvular heart disease), atrial fibrillation, ≥ stage 2 
hypertension (HTN), uncontrolled diabetes mellitus (DM) 
(HbA1c ≥ 8), prior cerebrovascular disease, chronic liver or 
kidney disease (GFR < 30 ml/min), asthma, chronic obstruc-
tive pulmonary disease, prior history of pulmonary hyper-
tension and pulmonary embolism, malignancy and poor 
echogenicity were excluded from the study. Comparisons 
were made with age, sex and risk factor-matched control 
group (n = 41) that had no history of a respiratory infection. 
Two dimensional transthoracic echocardiography (2D TTE) 
and 2D STE was performed in all subject.

According to the recovery at home vs hospital, COVID-
19 patients were divided into two groups: home recovery 
and hospital recovery. For subgroup analysis, COVID-19 
patients were divided into three groups according to the 
severity of pneumonia or the absence of pneumonia: without 
pneumonia, mild-moderate pneumonia, severe pneumonia.

The study was registered in the Ministry of Health 
COVID-19 research registry and approved by the Istanbul 
Faculty of Medicine Ethics Board (Clinical trial registration 
number: 2020/1185, approval number: 1303). All patients 
gave informed consent.

Data collection

Clinical demographic characteristics, echocardiography 
measurements and blood samples of patients were obtained 
at follow-up visits. Again blood samples were obtained from 
control group on the day of echocardiography for compari-
son with patients.

Laboratory results included complete blood cell analysis, 
C-reactive protein (CRP), ferritin, high-sensitivity troponin 
T (hs-TnT), pro-BNP and D-dimer for all subject.

The laboratory parameters of patients at hospital admis-
sion and medications for COVID-19 were retrospectively 
collected from medical records. The images from thorax 
computed tomography (CT) scans which were obtained at 
hospital admission were retrieved from the picture archiv-
ing and communication system (PACS) for all COVID-19 
patients.

Two‑dimensional transthoracic echocardiography

Echocardiography was performed with use of appropri-
ate personal protective equipment by investigators who 
were blinded to the clinical and laboratory data. The date 
of COVID-19 diagnosis was considered as the index date 
to calculate the timing of cardiac ultrasound that was per-
formed after a median of 133  ±  35 (87–184) days. Examina-
tions were performed using the Vivid 7 echocardiography 
device (General Electrics, Milwaukee,WI) using a middle-
range frequency (3–8 MHz) broadband transducer to evalu-
ate parasternal and apical images (2D, M-mode, Doppler 
echocardiography), with the patient placed in the left lateral 
decubitus position. Echocardiographic images were obtained 
using the techniques recommended by the American Society 
of Echocardiography (ASE) guidelines [11].

Conventional echocardiographic analysis

Structure of cardiac chambers and left and right ventricular 
systolic and diastolic function were assessed. LV end-sys-
tolic volume (LVESV), LV end-diastolic volume (LVEDV) 
and LV ejection fraction (LVEF) were measured using the 
biplane Simpson method. LV mass was calculated on the 
basis of Devereux’s formula. LV diastolic function was esti-
mated using the ratio of early transmitral flow velocity (E) to 
late transmitral flow velocity (A) and the ratio of transmitral 
E to early diastolic medial septal tissue velocity (e’). Left 
atrial volume was calculated using the biplane method in 
four- and two-chamber views, and it was indexed to BSA 
for left atrial volume index (LAVI). Right atrial (RA) and 
RV size were determined from the apical 4-chamber view. 
Tricuspid annular plane systolic excursion (TAPSE) was 
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measured as the systolic displacement of the tricuspid lat-
eral annulus on M-mode imaging. RV fractional area change 
(RVFAC) was calculated as (RV end-diastolic area RV 
endsystolic area)/end-diastolic area 100%. Tricuspid lateral 
annular systolic velocity (TDI S’) was assessed using tissue 
Doppler imaging from the apical 4- chamber view. Pulmo-
nary artery systolic pressure (sPAP) was assessed from the 
peak velocity of the tricuspid regurgitation jet, using the 
modified Bernoulli equation plus right atrial pressure evalu-
ated from the inferior vena cava size and its collapsibility 
[12].

Speckle‑tracking echocardiographic analysis

2D STE was utilised to characterise longitudinal systolic 
strain according to the recommendations of the American 
Society of Echocardiography and the European Associa-
tion of Cardiovascular Imaging [13]. Images were acquired 
at 70–100 frames per second at end-expiration in the four 
(4C)-chamber view and analysed in a blinded manner, offline 
using a dedicated software package (Automatic Function 
Imaging (AFI), EchoPac.PC; GE Healthcare, USA). Using 
the AFI, a point-and-click approach was utilised to identify 
three anchor points (two basal and one apical), following 
which the software tracked the endocardial border of the RV 
automatically. Manual adjustment was performed to ensure 
adequate tracking. The RV was divided into 6 segments for 
analysis (basal free wall, mid-free wall, apical free wall, 
basal septum, mid septum, and apical septum). Longitudi-
nal strain (LS) was obtained by comparing displacement of 
the speckles relative to each other throughout the cardiac 

cycle for each segment. RVLS parameters assessed included 
average RV free wall strain (RV-FWS), and RV global lon-
gitudinal strain (RV-GLS) [14, 15]. RV-GLS was defined as 
the average of all 6 RV segments. RV-FWS was calculated as 
the mean of the strain values in the three segments of the RV 
free wall (Fig. 1). Segments that could not be tracked after 
manual adjustment by the operator were excluded.

Definitions

According to the World Health Organization (WHO) guid-
ance, the diagnosis of COVID-19 is based on a real-time 
reverse-transcription polymerase chain reaction (RT-PCR) 
test. SARS-CoV-2 RNA was detected using the real-time 
RT-PCR method in the Public Health Microbiology Ref-
erence Laboratory of the Ministry of Health. COVID-19 
patients were considered as recovered when they discharged 
from hospital or if they had resolution of symptoms and 
negative results on a swab test at the end of the isolation 
period at home.

The severe pneumonia was defined with any of the fol-
lowing in patients with laboratory and thorax CT-confirmed 
interstitial pneumonia: (1) respiratory distress (respira-
tory rate ≥ 30 breaths per min); (2) oxygen saturation at 
rest ≤ 93%; (3) ratio of the partial pressure of arterial oxygen 
(PaO2) to the fractional concentration of oxygen inspired air 
(FiO2) (PaO2:FiO2, ≤ 300 mmHg); or (4) a critical com-
plication (respiratory failure and mechanical ventilation 
required, septic shock, and/or multiple organ dysfunction/
failure and intensive care unit admission required) [16].

Fig. 1  Apical four-chamber view of RV longitudinal strain with speckle-tracking imaging
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Mild to moderate pneumonia was defined as the patients 
with laboratory and thorax CT-confirmed interstitial pneu-
monia in the absence of clinical signs of severe pneumonia. 
The patients without pneumonia were defined as patients 
without signs of pneumonia with laboratory or thorax CT 
scan.

Statistical analysis

All statistical tests were conducted using the Statistical 
Package for the Social Sciences 26.0 for Windows (SPSS 
Inc., Chicago, IL, USA). The Kolmogorov–Smirnov test 
was used to analyze the normality of the data. Continuous 
data are expressed as mean ± standard deviation (SD), and 
categorical data are expressed as percentages. A Chi-square 
or Fisher’s exact test was used to assess the differences in 
categorical variables between the groups. A Student’s t-test 
or the Mann–Whitney U test was used to compare unpaired 
samples as needed. The relationships among the parame-
ters were assessed using Pearson’s or Spearman’s correla-
tion analysis according to the normality of the data. The 
primary analysis used ANOVA to compare all reported 
data for parametric variables, whereas the Kruskal–Wallis 
test was used for comparison among non-parametric vari-
ables between groups. Univariate and multivariate logistic 
regression analyses were used to identify the independent 
variables of impaired RVLS. After performing univariate 
analysis, the stepwise method was used to select significant 
obtained variables for use in the multivariate logistic regres-
sion analysis. The results of the univariate and multivariate 
regression analyses are presented as odds ratios with 95% 
confidence intervals (CIs). Significance was assumed at a 
two-sided p < 0.05.

Results

Clinical characteristics

A total of 120, 79 of them recovered from COVID-19 and 
41 risk factor-matched controls were included in the pre-
sent study. At the time of diagnosis of COVID-19, a total of 
36 (45%) severely unwell patients required hospitalization. 
Forty three (55%) patients recovered at home. The mean age 
of the home recovery group was 46.7  ±  12.5, and the hospi-
tal recovery group was 53  ±  14.1. There were no statistical 
differences between home recovery, hospital recovery and 
control groups in terms of age, gender, body mass index 
(BMI), heart rate, and preexisting cardiovascular condi-
tions such as stage 1 HTN, controlled DM and smoking. 
Male gender was dominant in all groups. The mean BMI 
was higher in hospital recovery group while there was no 
significant difference (29.2  ±  4.1 vs. 27.9  ±  4.9; p = 0.052).

Typical pneumonia was diagnosed in 39 patients (49%) 
with COVID-19. In hospitalized patients, typical pneumonia 
was more frequently encountered on CT images compared 
to treated at home (75%, n = 27 vs. 28%, n = 12; [p < 0.001]). 
In a subgroup analysis of 39 patients with pneumonia, 11 
patients had severe pneumonia, all requiring hospitalization, 
and 28 patients had mild-moderate pneumonia, of which 16 
required hospitalization.

Eleven (31%) of 36 hospitalized patients had severe pneu-
monia required high flow nasal cannula (HFNC)/noninvasive 
ventilation with continuous positive airway pressure (22%, 
n = 8) or orotracheal intubation (8%, n = 3). Four patients 
(11%) were admitted to the intensive care unit. Nasal oxy-
gen supplementation was required in all patients at hospi-
tal. In addition to respiratory support, hospitalized patients 
received hydrochloroquine (100%, n = 36) antiviral (favip-
iravir) (42%, n = 15), azithromycin (81%, n = 29), antibiot-
ics (other than azithromycin) (58%, n = 21), low molecular 
weight heparin (LMWH) (89%, n = 32), immune modulator 
(anakinra or tocilizumab) (42%, n = 15), and steroid (14%, 
n = 5) therapy in hospital. Five patients who needed steroid 
therapy were all in the severe pneumonia group.

The patients treated at home received hydrochloroquine 
(100%, n = 43), antiviral (favipiravir) (2%, n = 1), azithro-
mycin (16%, n = 7), low molecular weight heparin (LMWH) 
(33%, n = 14), immune modulator (anakinra) (2%, n = 1), and 
antibiotics (other than azithromycin) (28%, n = 12) therapy. 
Our study group has patients recovered from the first wave 
of COVID-19, we can explain why drug use rates were like 
that. Favipiravir has not been used routinely yet, it was given 
only to critically ill patients. In our country, the rate of use of 
favipiravir in both inpatient and outpatient patients is much 
higher now.

At hospital admission, the mean hsTnT, pro BNP, 
CRP, D-dimer, and ferritin values were higher (p = 0.003; 
p = 0.039; p < 0.001; p < 0.001; p < 0.001; respectively) and 
the mean heamoglobin, leukocyte, and lymphocyte values 
were lower (p = 0.003; p = 0.014; p < 0.001; respectively) in 
hospitalized patients compared to treated at home.

At follow-up, the mean hs-TnT was higher in hospi-
tal recovery group compared to home recovery group 
(p = 0.021), and the mean D-dimer and pro-BNP values were 
higher in hospital recovery group compared to control group 
(p = 0.002; p = 0.018; respectively).

The clinical, demographic features and laboratory find-
ings of home-recovery, hospital-recovery and risk factor-
matched control groups are presented in Table 1.

Echocardiographic characteristics

A comparison of the LVEF, LVEDV, LVESV, LVEDD, LV 
mass index, LAVI, mitral E velocity and the E/e’ ratio of 
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Table 1  The clinical, demographic features and laboratory findings of home-recovery, hospital-recovery and risk factor-matched control groups

HT hypertension, DM diabetes mellitus, CAD coronary artery disease, COPD chronic obstructive pulmonary disease, HR heart rate, BMI body 
mass index, CT computed tomography, Pro-BNP pro-brain natriuretic peptid, Hs-troponin-T high sensitive troponin-T, Hgb haemoglobin, WBC 
white blood cell, CRP C-reactive protein, LMWH low molecular weight heparin, HFNC high flow nasal cannula, NIMV non-invasive mechanic 
ventilation, ICU intensive care unit
a p < 0.05 between control group and home-recovery group
b p < 0.05 between control and hospital-recovery group
c p < 0.05 between home-recovery and hospital-recovery group

Total patients
(n = 120)

Risk factor 
matched-controls
(n = 41)

Home recovery
(n = 43)

Hospital recovery
(n = 36)

p-value

Clinical characteristics and comorbidities
 Age (year) 49.5  ±  13.2 49.1  ±  12.7 46.7  ±  12.5 53.3  ±  14.1 0.084
 Gender, n (%) Male
Female

62 (51.7%)
58 (48.3%)

19 (46%)
22 (54%)

24 (56%)
19 (44%)

19 (53%)
17 (47%)

0.791

 HT, n (%) 36 (30%) 11 (27%) 12 (28%) 13 (36%) 0.131
 DM, n (%) 19 (16.1%) 6 (15%) 4 (10%) 9 (26%) 0.149
 Smoker, n (%) 35 (29%) 16 (39%) 12 (28%) 7 (19%) 0.360
 HR (bpm) 79.3  ±  12.9 76.5  ±  7.1 77.9  ±  14.2 81.9  ±  12.3 0.187
 BMI (kg/m2)
Pneumonia on CT

28.5  ±  4.5
39 (33%)

28.7  ±  3.9
–

27.9  ±  4.9
12 (28%)

29.2  ±  4.1
27 (75%)

0.052
 < 0.001*

 Follow-up duration (days) 133  ±  35 – 130  ±  34 136  ±  35 0.448
Laboratory findings on the day of 2D TTE
 Hgb (gr/dl) 13.2 (9–17) 13.3 (13–17) 13.3 (9–16) 13.2 (9–16) 0.270
 WBC  (103/µl) 6.7 (2.4–19.6) 6.9 (4.4–13.5) 6.1 (3.4–10.8) 6.8 (2.4–19.6) 0.229
 Lymphocytes  (103/µl) 2.2 (0.5–6.9) 2.3 (1.1–6.9) 2.1 (1–4.1) 2.1 (0.5–4.1) 0.254
 Hs-troponin-T (pg/ml) 4.6 (3–66) 3 (3–10) 4.2 (3–37)c 7.4 (3–66)c 0.021*
 Pro-BNP (pg/ml) 48 (4–358) 20.7 (4–35)b 57 (5–163) 66.8 (5–358)b 0.018*
 CRP (mg/L) 2.1 (0–19) 1.8 (1–16) 1.6 (0–17) 2.8 (0–19) 0.111
 D-dimer (µg/L) 340 (180–910) 340 (270–500)b 320 (190–910) 360 (180–840)b 0.002*
 Ferritin (ng/ml) 54.9 (7–510) 60.6 (21–97) 96.5 (7–486) 51.8 (11–510) 0.054

Laboratory findings at hospital admission
 Hgb (gr/dl) 13.2 (8.1–16.8) – 13.7 (9.8–16.8) 12.4 (8.1–16.1) 0.003
 WBC  (103/µl) 6.4 (2.8–15.9) – 5.8 (4.4–10.6) 4.9 (2.8–15.9) 0.014
 Lymphocytes  (103/µl) 1.9 (0.08–6.9) – 1.7 (0.5–3.5) 0.9 (0.08–5.1)  < 0.001
 Hs-troponin-T (pg/ml) 4.2 (3–50.9) – 4.2 (3–50.9) 7.6 (3–37.4) 0.003
 Pro-BNP (pg/ml) 75.5 (4.3–4269) – 80.9 (7.4–619.5) 84.9 (8.5–4269) 0.039
 CRP (mg/L) 9.6 (0.2–230) – 8.5 (0–56) 51.7 (3–230)  < 0.001
 D-dimer (µg/L) 543 (210–18,550) – 345 (210–920) 1010 (320–18,550)  < 0.001
 Ferritin (ng/ml) 96 (9–1718) – 82 (14–702) 413 (40–1718)  < 0.001

Treatment
 Hydroxychloroquine, n (%) 79 (65.8%) – 43 (100%) 36 (100%) 1.000
 Azithromycin, n (%) 36 (30%) – 7 (16.3%) 29 (80.6%)  < 0.001
 Antiviral (Favipiravir), n (%)
Heparin (LMWH), n (%)

16 (13.3%)
46 (58%)

– 1 (2.3%)
14 (33%)

15 (41.7%)
32 (89%)

 < 0.001
 < 0.001

 Steroid, n (%) 5 (4.2%) – 0 5 (13.9%) 0.012
 Immune modulator, n (%) 16 (13.3%) – 1 (2.3%) 15 (41.7%)  < 0.001
 Antibiotics, n (%) 33 (27.5%) – 12 (27.9%) 21 (58.3%) 0.006
 Hospital stay (days) 5 (2–45) – 0 5 (2–45)  < 0.001
 ICU admission, n (%) 4 (3.3%) – 0 (0%) 4 (11.1%) 0.041
 HFNC/NIMV, n(%) 8 (6.6%) – 0 (0%) 8 (22.2%) 0.011
 Orotracheal intubation, n (%) 3 (2.5%) – 0 (0%) 3 (8.3%) 0.055



2392 The International Journal of Cardiovascular Imaging (2021) 37:2387–2397

1 3

the home-recovery, hospital-recovery and control groups 
revealed no statistically significant difference.

RV diameter was increased in hospital recovery group 
compared to controls (p = 0.036), and sPAP was higher in 
hospital and home recovery groups compared to controls 
(p < 0.001 for each). RA, TAPSE, FAC, and TDI S’ were 
similar between the groups.

Using 2D STE, RV-GLS and RV-FWS were evaluated 
in each group. The RV-GLS values of the control, home 
recovery, and hospital recovery groups were −20.4  ±  4.9%, 
−18.6  ±  5.9%, and −17.3  ±  6.8%; respectively, indicating 
a statistically significant difference between hospital recov-
ery and control groups (p = 0.042). RV-FWS values of the 
control, home recovery, and hospital recovery groups were 
−23.4  ±  6.2%, −20.6  ±  6.5%, and −19.0  ±  8.2%; respec-
tively, again indicating a statistically significant difference 
between hospital recovery and control groups (p = 0.022) 
(Fig. 2).

Echocardiographic parameters of home-recovery, hospi-
tal-recovery and control groups are presented in Table 2.

Fig. 2  The comparison of RV-GLS and RV-FWS between home-
recovery, hospital-recovery and control groups. *a significant dif-
ference between hospital recovery and control groups for RV-GLS 
(p = 0.042). **a significant difference between hospital recovery and 
control groups for RV-FWS (p = 0.022)

Table 2  Echocardiographic 
parameters of home-recovery, 
hospital-recovery and control 
groups

LV left ventricular, LVEDV left ventricular end-diastolic volume, LVESV left ventricular end-systolic vol-
ume, LVEF left ventricular ejection fraction, LVMI left ventricular mass index, LVEDD left ventricular 
end-diastolic diameter, IVS interventricular septum, LAVI left atrial volume index, E early diastolic trans-
mitral flow, e’ early diastolic tissue velocity, RV right ventricular, RA right atrial, RVFAC right ventricu-
lar fractional area change, RIMP right ventricular myocardial performance index, RVGLS right ventricular 
global longitudinal strain, RVFWS right ventricular free wall strain, TAPSE tricuspid annular plane systolic 
excursion, PASP pulmonary artery systolic pressure, TDI S’ tissue Doppler velocity of the basal free lateral 
wall of the right ventricle. RVGLS and RVFWS values are absolute values
a p < 0.05 between control group and home-recovery group
b p < 0.05 between control and hospital-recovery group
c p < 0.05 between home-recovery and hospital-recovery group

Total patients
(n = 120)

Control
(n = 41)

Home recovery
(n = 43)

Hospital recovery
(n = 36)

p-value

Left heart findings
 LVEDV (ml) 137.4  ±  29.9 128.9  ±  24.6 140.7  ±  24.5 143.2  ±  38.8 0.063
 LVESV (ml) 54.5  ±  16.7 50.7  ±  12 56.01  ±  12.2 56.9  ±  24.2 0.058
 LVEDD (mm) 45.2  ±  4.5 43.9  ±  4.1 45.9  ±  3.9 45.9  ±  5.5 0.065
 LVEF (%) 64.6  ±  5.8 65  ±  3.9 64.6  ±  5.5 64  ±  7.7 0.889
 LAVI (ml/m2) 18.3  ±  6.3 18.1  ±  5.9 18.1  ±  6.2 19.5  ±  4.9 0.620
 E (cm/sn) 64.2  ±  16.8 66.7  ±  16.6 66.4  ±  16.9 61  ±  16.4 0.129
 E/e’ ratio 8.8  ±  2.9 8.5  ±  2.6 8.7  ±  3.2 9.3  ±  3.13 0.403

Right heart findings
 RV (mm) 26.7  ±  2.6 25.9  ±  2.7b 27.1  ±  3.1 27.1  ±  1.8b 0.036*
 RA (mm) 31.3  ±  3.2 30.8  ±  2.8 31.6  ±  3.7 31.6  ±  2.7 0.472
 RV FAC (%) 56.6  ±  14.1 54.9  ±  13.1 59.4  ±  10.3 54.8  ±  18.6 0.302
 RIMP 0.48  ±  0.06 0.46  ±  0.07 0.49  ±  0.07 0.49  ±  0.05 0.106
 RV GLS (%) − 18.9  ±  6 − 20.4  ±  4.9b − 18.6  ±  5.9 − 17.3  ±  6.8b 0.042*
 RV FWS (%) − 21.1  ±  7.1 − 23.4  ±  6.2b − 20.6  ±  6.5 − 19  ±  8.2b 0.022*
 TAPSE (mm) 21.9  ±  3.5 22.9  ±  3.3 21.4  ±  3.7 21.5  ±  3.4 0.092
 sPAP (mmHg) 23.3  ±  6.2 18.1  ±  4.9a.b 25.1  ±  4.7a 27.1  ±  5.1b  < 0.001*
 TDI S’ (cm/s) 14  ±  2.6 13.5  ±  2.2 14.1  ±  2.8 14.5  ±  2.7 0.481
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In a subgroup analysis, right heart findings of 11 
patients with severe pneumonia were compared to 28 
patients with mild-moderate pneumonia and 40 patients 
without pneumonia, and control groups (Table 3). A sig-
nificant difference was found between severe pneumonia 
and control group according to RV-GLS (−15.2  ±  6.9 vs. 
−20.4  ±  4, respectively; p = 0.013). Moreover, RV-FWS 
was impaired in severe pneumonia group compared to 
mild-moderate pneumonia, without pneumonia and con-
trol groups (−15.8  ±  7.6; −21.6  ±  7.6; −20.8  ±  7.7; 
−23.4  ±  6.2, respectively, p = 0.001 for each) (Fig. 3). 
sPAP was higher in mild-moderate pneumonia and severe 
pneumonia groups compared to without pneumonia group 
and in all groups compared to control group (p < 0.001 
for each).

The relationship between RV-GLS, RV-FWS and age, 
hs-TnT, D-dimer, CRP, Hgb, ferritin, pro-BNP levels were 
evaluated via Spearman’s or Pearson’s correlation analyses. 
A statistically significant correlation was detected between 
serum CRP level at hospital admission and both RV-GLS 
and RV-FWS (r = 0.285, p = 0.006; r = 0.294, p = 0.004, 
respectively) (Fig. 4). Again age was significantly corralated 
with RV-GLS and RV-FWS (r = 0.244, p = 0.008; r = 0.176, 
p = 0.054, respectively) (Table 4). There was no correla-
tion between hs-TnT and pro-BNP levels, which are cardiac 
injury markers, and D-dimer and RVLS (Tables 4, 5).

The parameters affecting impaired RV-FWS (> −18) 
were evaluated by using logistic regression analysis with 

univariate and multivariate analysis. Age (OR 0.948, 
p = 0.010), male gender (OR 0.289, p = 0.009), pneumonia 
on CT (OR 0.019, p = 0.004), and need of steroid in treat-
ment (OR 17.424, p = 0.038) were thus determined to be 
independent predictors of impaired RV-FWS (Table 6).

Table 3  Right heart findings of 
patients with severe pneumonia, 
mild-moderate pneumonia, 
without pneumonia and control 
groups

RV right ventricular, RA right atrial, RVFAC right ventricular fractional area change, RIMP right ventricu-
lar myocardial performance index, RVGLS right ventricular global longitudinal strain, RVFWS right ven-
tricular free wall strain, TAPSE tricuspid annular plane systolic excursion, PASP pulmonary artery systolic 
pressure, TDI S’ tissue Doppler velocity of the basal free lateral wall of the right ventricle. RVGLS and 
RVFWS values are absolute values
a p < 0.05 between control group and pneumonia (−) group
b p < 0.05 between control and mild-moderate pneumonia group
c p < 0.05 between control and severe pneumonia group
d p < 0.05 between pneumonia (−) and mild-moderate pneumonia group
e p < 0.05 between pneumonia (−) and severe pneumonia group
f p < 0.05 between mild-moderate pneumonia and severe pneumonia group

Control
(n = 41)

Pneumonia (−)
(n = 40)

Mild-moderate 
Pneumonia
(n = 28)

Severe Pneumonia
(n = 11)

p-value

RV (mm) 25.9  ±  2.7 26.7  ±  2.1 27.6  ±  3.1 27.3  ±  1.3 0.081
RA(mm) 30.8  ±  2.8 31.5  ±  3.6 31.8  ±  3.2 31.6  ±  2.8 0.630
FAC (%) 54.9  ±  13.2 58.3  ±  10.4 59.2  ±  13.9 58.3  ±  16.4 0.494
RIMP 0.47  ±  0.07 0.49  ±  0.07 0.49  ±  0.07 0.49  ±  0.04 0.160
RVGLS (%) − 20.4  ±  4.9c − 18.9  ±  6.8 − 19.2  ±  6.7 − 15.2  ±  6.9c 0.013*
RVFWS (%) − 23.4  ±  6.2c − 20.8  ±  7.7e − 21.6  ±  7.6f − 15.8  ±  7.6c,e,f 0.001*
sPAP (mmHg) 18.1  ±  4.9a,b,c 25.1  ±  5.1a,d,e 28.0  ±  4.9b,d 27.1  ±  2.5c,e  < 0.001*
TAPSE (mm) 22.9  ±  3.4 21.9  ±  4.2 20.7  ±  2.7 18.6  ±  2.3 0.071
TDI S’ (cm/s) 14.0  ±  2.2 14.0  ±  3.2 14.0  ±  2.3 12.5  ±  2.3 0.139

Fig. 3  The comparison of RV-GLS and RV-FWS between patients 
without pneumonia, mild-moderate pneumonia, severe pneumonia 
and control groups (Data are presented as mean ± SD). *RV-FWS 
was impaired in severe pneumonia group compared to mild-moder-
ate pneumonia, without pneumonia and control groups (p = 0.001 for 
each). **a significant difference between severe pneumonia and con-
trol group for RV-GLS (p = 0.013)
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Fig. 4  a Correlation of RV-GLS 
with serum CRP level at hospi-
tal admission. b Correlation of 
RV-FWS with serum CRP level 
at hospital admission

Table 4  Correlation of RV-GLS 
and RV-FWS with age and 
laboratory parameters at 
hospital admission

RVGLS right ventricular global longitudinal strain, RVFWS right ventricular free wall strain, hs-troponin-T 
high sensitive troponin-T, CRP C-reactive protein, pro-BNP pro-brain natriuretic peptid

Spearman RVFWS Age Hs-troponin-T D-dimer CRP Ferritin Pro-BNP

RVGLS (%) r 0.912 0.244 0.119 0.125 0.285 0.206 0.105
p  < 0.001* 0.008* 0.326 0.333 0.006* 0.067 0.403

RVFWS (%) r 0.176 0.060 0.165 0.294 0.203 0.081
p 0.054 0.616 0.195 0.004* 0.068 0.517
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Discussion

This study was done in survivors of COVID-19 with a 
median 133  ±   35 days after recovery and shows that; 
in patients recovered from hospital, RV diameter was 
increased and RV-GLS and RV-FWS were impaired com-
pared to control group, and sPAP was higher in hospital 
and home recovery groups compared to controls, while left 
heart findings were similar between groups. In subgroup 
analysis, in patients with severe pneumonia, RV-GLS was 
impaired compared to control group and RV-FWS was 
impaired compared to mild-moderate pneumonia, without 
pneumonia and control groups. sPAP was higher in severe 
pneumonia and mild-moderate pneumonia groups com-
pared to without pneumonia and control groups. Age, male 
gender, pneumonia on CT, and need of steroid in treat-
ment were identifed as independent predictors of impaired 
RVLS through multivariate analysis. A relationship was 
detected between CRP level at hospital admission and both 
RV-GLS and RV-FWS. There was no correlation between 
cardiac injury markers, D-dimer and RVLS. These find-
ings support the right-sided cardiac involvement and the 
impairment of subclinical RV systolic function by 2D STE 
in relation to the severity of pneumonia in hospitalized 
COVID-19 patients and persistence after recovery.

Pulmonary involvement often occurs in COVID-
19, so investigators evaluated RV and showed both RV 
enlargement and dysfunction in hospitalized patients with 
COVID-19. Again, RV involvement was associated with a 
poor prognosis in these patients [17–19].

In a multi-center study, Kim et al. evaluated 510 hos-
pitalized patients with COVID-19. RV dilatation was 

found in 35%, and dysfunction in 15% of the patients with 
echocardiographic examination. Both RV dilatation and 
dysfunction were associated with prognosis, independent 
of cardiac injury biomarkers, and predicted mortality dur-
ing hospitalization [17]. Again Mahmoud et al. evaluated 
74 hospitalized patients with COVID-19 pneumonia. LV 
function was normal in 89% of patients. However, 41% of 
patients had RV dilatation and 27% had RV dysfunction. 
RV involvement was associated with increased D-dimer 
and CRP levels [18]. Considering that the increased CRP 
level represents the severity of the disease and pneumonia, 
its relation with RV involvement is reasonable. Supporting 
this in our study, increased CRP level at hospital admis-
sion was associated with impairment in both RV-GLS and 
RV-FWS after recovery. Inflammatory laboratory param-
eters rather than cardiac injury markers seem to be predic-
tors of cardiac involvement.

The possible mechanism of RV dilation and dysfunc-
tion is likely multifactorial. Thrombotic events, hypoxic 
vasoconstriction, direct viral damage and proinflammatory 
cytokines, and most probably increased afterload and over-
load, are some of these mechanisms [5, 6, 20, 21].

Since RV involvement was detected during hospitaliza-
tion in previous studies, we aimed to investigate whether it 
persists after recovery. Whether the RV involvement con-
tinues in patients after recovery may provide information 
about prognosis. To avoid acute effects of the infection on 
cardiac functions, echocardiographic examinations were 
performed at least 3 months after recovery. In our study, 
TAPSE, FAC, and TDI S’ values were similar between 
the groups. All patients had normal global RV systolic 
function. Conventional echocardiography parameters 
may be insufficient to assess RV function [22]. 2D-STE 
objectively measures myocardial deformation globally 
and regionally [22, 23]. So we evaluated the RVLS with 
2D-STE to investigate the subclinic systolic dysfunction. 
There are few studies evaluating cardiac involvement after 
recovery from COVID-19.

Catena et al. evaluated 105 patients with COVID-19 
who were discharged from the hospital after a median of 
41 days. According to conventional echocardiographic 
parameters, there was no evidence of persistent cardiac 
dysfunction, even in patients with previously increased 
troponin. Differences from our study were shorter follow-
up time, no control group and no assessment according 

Table 5  Correlation of RV-GLS 
and RV-FWS with laboratory 
parameters at follow-up

Spearman RVFWS Hs-troponin-T D-dimer CRP Ferritin Pro-BNP

RVGLS (%) r 0.912 0.015 0.118 0.132 0.126 0.085
p  < 0.001* 0.884 0.214 0.162 0.212 0.434

RVFWS (%) r 0.008 0.130 0.034 0.116 0.052
p 0.936 0.169 0.720 0.246 0.631

Table 6  Multivariate logistic regression analysis of the risk factors 
associated with impaired RV-FWS

RVFWS right ventricular free wall strain, CT computed tomography

Variable OR 95% Confidence interval p-value

Age 0.948 0.910–0.987 0.010*
Gender 0.289 0.114–0.733 0.009*
Pneumonia on CT 0.019 0.001–0.290 0.004*
Need of steroid in treat-

ment
17.424 1.172–259.093 0.038*
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to the severity of pneumonia and infection. Moreover, no 
evaluation was made with 2D-STE [24].

In a cardiac magnetic resonance (CMR) study of 100 
patients recovered from COVID-19, non-specific markers 
associated with inflammation was detected in 78 patients. 
Active lymphocytic inflammation without any evidence 
of viral genome was demonstrated with endomyocardial 
biopsy in three patients whom had severe abnormalities 
[25]. In an another CMR study, Huang et al. evaluated 
28 patients recovered from COVID-19 pneumonia. Fif-
teen patients (58%) had abnormal CMR findings including 
myocardial edema, and LGE. Decreased RV systolic func-
tion parameters were detected in patients with abnormal 
CMR findings however there was no significant difference 
of LV function compared to healthy controls [26]. CMR 
is the gold standard imaging modality that assesses ven-
tricular functions. These studies demonstrated that RV 
is the main target in COVID-19 as we mentioned. Thus, 
the follow-up of these patients can be done by 2D-STE 
because of its easy applicability according to CMR in daily 
practice.

In a multicenter study, pathologists evaluated the car-
diac tissue from autopsies of 21 people who died from 
COVID-19. Three of the cases had lymphocytic myocar-
ditis, 18 had increased interstitial macrophage infiltration, 
four had acute myocyte injury in the RV. There was no 
molecular evidence to suggest the presence of the virus. 
High myocardial macrophage levels were thought to be 
associated with the elevated proinflammatory cytokines. 
Acute myocyte injury in RV, detected in 25% of cases, 
was attributed to increased strain/afterload [27]. Both 
CMR and pathology studies observed no virus-specific 
findings, detected changes consistent with the severity of 
inflammation in the myocardium. Thereby, the conclusion 
that the clinical severity of COVID-19 is associated with 
ongoing or persistent RV dysfunction determined by the 
2D-STE we demonstrated is supported. This may not be 
attributed to COVID-19 as it could be a general outcome 
that would be expected in patients with similarly severe 
clinical conditions. Whether our findings and RV involve-
ment are reversible and they affect the long-term progno-
sis of these patients should be investigated with a longer 
follow-up study.

Our study has limitations. The sample size was rela-
tively small because the data was derived from a single 
center. Based upon this being a voluntary follow-up clinic, 
there may be a selection bias supporting the evaluation of 
individuals seeking ongoing medical care. Also there was 
no echocardiographic data of patients prior to COVID-
19. There were significant differences in drug treatments 
for COVID-19 in hospital and at home. And finally, the 
follow-up duration was relatively short.

Conclusion

We have determined the subclinical impairment of RV 
function with 2D STE in hospitalized patients in relation 
to the severity of pneumonia after recovery. In conclu-
sion, right-sided involvement is more likely in patients 
recovered from COVID-19 pneumonia. These findings 
may reflect the effects of critical illness, not specific to 
the virus. Echocardiographers should pay close attention 
to the early diagnosis of RV dysfunction. The prognosis 
and long-term cardiovascular conditions of these patients 
need to be investigated with further studies.
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