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Abstract
In hospitalized COVID-19 patients, myocardial injury and echocardiographic abnormalities have been described. The present 
study investigates cardiac function in COVID-19 patients 6 weeks post-discharge and evaluates its relation to New York 
Heart Association (NYHA) class. Furthermore cardiac function post-discharge between the first and second wave COVID-19 
patients was compared. We evaluated 146 patients at the outpatient clinic of the Leiden University Medical Centre. NYHA 
class of II or higher was reported by 53% of patients. Transthoracic echocardiography was used to assess cardiac function. 
Overall, in 27% of patients reduced left ventricular (LV) ejection fraction was observed and in 29% of patients LV global 
longitudinal strain was impaired (> − 16%). However no differences were observed in these parameters reflecting LV func-
tion between the first and second wave patients. Right ventricular (RV) dysfunction as assessed by tricuspid annular systolic 
planar excursion (< 17 mm) was present in 14% of patients, this was also not different between the first and second wave 
patients (15% vs. 12%; p = 0.63); similar results were found for RV fraction area change and RV strain. Reduced LV and 
RV function were not associated with NYHA class. In COVID-19 patients at 6 weeks post-discharge, mild abnormalities in 
cardiac function were found. However these were not related to NYHA class and there was no difference in cardiac function 
between the first and second wave patients. Long term symptoms post-COVID might therefore not be explained by mildly 
abnormal cardiac function.
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Introduction

The first Coronavirus disease 2019 (COVID-19) case was 
reported in December 2019 and since then there have 
been several ‘waves’ in this pandemic. As in other res-
piratory tract infections, COVID-19 has been associated 
with myocardial damage evaluated by elevated troponin T 
levels and cardiac dysfunction on echocardiography [1–3]. 

Several mechanisms contribute to the myocardial damage 
caused by COVID-19, among which direct viral damage 
to the myocardium, cytokine-mediated damage, and dam-
age caused by the hypercoagulable state associated with 
COVID-19 [4]. Furthermore, an increased afterload asso-
ciated with pulmonary disease may cause RV dysfunction. 
Mainly in the hospitalized population, echocardiographic 
abnormalities are reported, e.g., right ventricular (RV) 
dilation and impaired function, whereas left ventricu-
lar (LV) function is often preserved [5–8]. Importantly, 
echocardiographic abnormalities during hospitalization 
are associated with higher mortality [9–12]. Currently, 
there is still limited information available regarding the 
mid- and long-term cardiac consequences after discharge 
of COVID-19 patients. Some studies report no impor-
tant long-term cardiac abnormalities and other studies do 
observe clinical or subclinical cardiac dysfunction during 
follow-up [13–16]. There is an important subgroup of post 
COVID-19 patients that experiences long term symptoms, 
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e.g., tiredness or shortness of breath. However, whether 
these symptoms are related to cardiac dysfunction post-
discharge is unclear.

The COVID-19 pandemic is often described in several 
‘waves’. The first wave was from March to June 2020 and the 
second from July to December 2020. Since the start of the 
pandemic, rapid improvement in early diagnosis, treatment 
and management strategies have been observed resulting in 
lower mortality rates. Therefore, in the second wave, due to 
increased awareness and earlier presentation to the hospital, 
admitted patients were less severely affected in compari-
son to the first wave. Several studies have compared patient 
characteristics and clinical outcomes between the first and 
second wave, however few studies have compared cardiac 
sequelae of COVID-19 infection between these two waves 
[17, 18].

Therefore, the aim of the current study was to evaluate 
the cardiac function in patients after hospitalization with 
COVID-19 in relation to persisting symptoms. Furthermore, 
clinical and echocardiographic parameters were compared 
between the first and second wave COVID-19 patients.

Methods

Design and study population

Patients admitted with PCR confirmed SARS-CoV-2 infec-
tion at the Leiden University Medical Centre in 2020 were 
considered eligible for the present study. In a previous study, 
the short-term outpatient follow-up of these patients was 
described [19]. As part of regular follow-up, patients were 
planned for an outpatient clinic visit 6 weeks after discharge 
to assess residual complaints and potential cardiac sequelae 
after serious COVID-19 infection. Patients were divided into 
two groups: the first wave refers to patients hospitalized dur-
ing March–June 2020 and the second wave refers to patients 
hospitalized during July–December 2020 [20]. Furthermore, 
an analysis was made according to COVID-19 disease sever-
ity. Severe disease was defined as patients in need of Inten-
sive care unit (ICU) support. Patients with a known cardiac 
history were excluded from the present analysis.

The New York Heart Association (NYHA) classifica-
tion was used to evaluate residual complaints of dyspnea. 
Clinical characteristics were collected from the departmental 
cardiology information system (EPD-vision; Leiden Uni-
versity Medical Centre (LUMC), Leiden, the Netherlands). 
The hospital’s ethical review board approved the study. All 
patients admitted to the hospital were given a letter which 
stated that their data could be used for research purposes, 
and that they could opt out if they disagreed. None of the 
admitted patients have declined consent.

Transthoracic echocardiography

Patients underwent transthoracic echocardiography (TTE) 
6 weeks after hospital admission. TTE was performed in 
the left lateral decubitus position at rest using commercially 
available ultrasound systems (Vivid E95, General Electron-
ics Healthcare, Horten, Norway). Parasternal, apical, subcos-
tal and suprasternal views were obtained. Two-dimensional 
and Doppler data were digitally stored and retrospectively 
evaluated using EchoPac (General Electronics Healthcare, 
Horten, Norway).

Chamber quantification and systolic function was 
assessed according to current recommendations [21]. LV 
end-diastolic and end-systolic volumes were measured in 
apical four- and two-chamber views and LV ejection fraction 
(LVEF) was calculated using Simpsons biplane method. In 
addition, speckle tracking derived global longitudinal strain 
(GLS) was measured from apical three-, four- and two-
chamber views. RV end-diastolic diameter was measured 
in the apical four-chamber view. RV function was assessed 
by measuring tricuspid annular systolic planar excursion 
(TAPSE) and tricuspid lateral annular systolic velocity 
wave derived from tissue doppler imaging (Sʹ). In addition, 
RV fractional area change (RV FAC) and RV free wall strain 
were measured on the apical RV-focused four-chamber view. 
Diastolic function was graded on a semiquantitative scale 
(grade 0–3) using an integrated approach measuring E/A 
ratio, Eʹ, E/Eʹ, left atrial volume index (LAVi) and tricuspid 
regurgitation gradient following current guidelines. LVEF 
was divided in four categories (> 52% for males or > 54% 
for females; 40–52/54%; 30–40% and < 30%). LV GLS was 
divided in normal and abnormal (≤ − 16% resp. >  − 16%), 
as was TAPSE (> 17 mm resp. ≤ 17 mm), RV FAC (> 35% 
resp. ≤ 35%) and RV free wall strain (≤ -23% resp. > − 23%) 
and Sʹ (> 10 cm/s (cm/s) resp. ≤ 10 cm/sec) [22–24].

Statistical analysis

Statistical analysis were performed using IBM SPSS version 
25.0. Continuous variables were reported as mean ± stand-
ard deviation or as median (interquartile range). Categori-
cal variables were reported as percentages. Continuous and 
categorical variables were compared using Students t-test 
and Chi square test, respectively.

Results

Characteristics of the study population are presented in 
Table 1. Mean age of the patients was 61.1 (SD 12.2) 
years, 64% were male, and mean BMI was 28.6 ± 5.5 kg/
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m2. COVID-19 patients in the first wave showed higher 
maximum CRP (190.8 ± 133.3 vs. 99.1 ± 97.8  mg/L; 
p < 0.01), higher percentage of patients with pulmonary 
embolism (20 vs. 8%; p = 0.03)) in comparison to patients 
in the second wave. In the total cohort, 35 (24%) patients 
were admitted to the ICU, of these patients 29 (39.7%) 
were admitted during the first wave and 6 (8,2%) during 
the second wave (P < 0.01). Patients with admitted to the 
ICU had a higher CRP (296 vs 97%, P < 0.001) and more 
often presented with pulmonary embolism (34 vs 8%, 
p < 0.001) (see Supplementary Table 1 for the baseline 
characteristics stratified according to disease severity).

There was no difference in mean maximum troponin 
T level during admission (17.0 vs. 13.7 ng/L; p = 0.30) 
between the first and second wave group.

During follow-up at the out-patient clinic 6 weeks post 
discharge, 47% of patients were NYHA class I, 38% NYHA 
class II, 14% of patient NYHA class III and 0% NYHA class 
IV; as shown in Fig. 1. In the second wave patients, a higher 
percentage had a better functional status as reflected by 
NYHA class (e.g., 40% NYHA class I in first wave vs. 55% 
NYHA class I in second wave), however these differences 
were not statistically significant (p = 0.11).

Table 2 shows echocardiographic parameters at 6 weeks 
follow-up after hospitalization with COVID-19.

Table 1   Baseline characteristics 
of the study population

Data are presented as mean (SD) or percentage
BMI body mass index, CKD chronic kidney disease, CRP C-reactive protein, CVA cerebrovascular acci-
dent, PVD peripheral vascular disease, TIA transient ischemic attack

All (n = 146) First wave (n = 73) Second wave (n = 73) p-value

Age, years 61.1 (12.2) 59.2 (12.3) 63.0 (11.9) 0.06
Sex, men, % 63.7 63.0 64.4 0.86
BMI, kg/m2 28.6 (5.5) 28.1 (4.7) 29.2 (6.1) 0.21
History of
Hypertension, % 34.9 32.9 37.0 0.60
Diabetes, % 23.3 23.3 23.3 1.00
Cardiovascular disease, %
Atrial fibrillation/ atrial flutter 6.8 5.5 8.2 0.51
CVA/TIA 4.8 8.2 1.4 0.05
PVD 2.7 4.1 1.4 0.31
CKD, % 8.2 8.2 8.2 1.00
Smoking, % 15.1 11.0 19.2 0.17
In hospital
CRP maximum, mg/L 145.3 (125.4) 190.8 (133.3) 99.1 (97.8)  < 0.01
Pulmonary embolism, % 14.4 20.5 8.2 0.03
Intensive care admission, % 24 39.7 8.2  < 0.01
Troponin T max ng/L 15.8 (16.3) 17.0 (17.5) 13.7 (13.7) 0.30

Fig. 1   NYHA class at visit 
6 weeks post-discharge. NYHA 
New York Heart Association
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Left ventricular function

In the total study population, 73% of patients had a nor-
mal LVEF, defined as > 52% in men or > 54% in women. 

25% of patients had a LVEF of 40–52/54% and only 1 
patient had a LVEF between 30 and 40% and in 1 patient 
LVEF was < 30%. There were no statistically significant 
differences between the first and second wave regarding 

Table 2   Echocardiography at 
6 weeks post discharge

Data are presented as mean (SD), or as percentage
LAVI left atrial volume index, LVEDV left ventricular end-diastolic volume, LVESV left ventricular end-
systolic volume, LVEF left ventricular ejection fraction, LV GLS left ventricular global longitudinal strain, 
RVEDD right ventricular end-diastolic diameter, RV FAC right ventricular fraction area change, RV strain 
right ventricular strain, TAPSE tricuspid annular plane systolic excursion, TR gradient tricuspid regurgita-
tion gradient

All First wave (n = 73) Second wave (n = 73) p-value

LVESV, mL 41.0 (18.8) 42.7 (15.8) 39.3 (21.5) 0.29
LVEDV, mL 91.7 (33.1) 97.0 (30.3) 86.3 (35.0) 0.05
LVEF, % 56.2 (6.7) 56.6 (5.1) 55.8 (8.0) 0.47
  > 52(M), > 54(F) 72.6 76.7 68.5
 40–52(M)/54(F) 24.7 23.3 26.0
 30–40 0.7 0 1.4
 < 30 0.7 0 1.4

LV GLS, %  − 17.0 (2.5)  − 16.5 (2.3)  − 17.5 (2.6) 0.03
0.16

 ≤ − 16 70.5 65.3 76.1
 > − 16 29.5 34.7 23.9

RVEDD, mm 34.4 (4.8) 34.0 (4.5) 34.8 (5.1) 0.32
TAPSE, mm 21.0 (3.3) 21.0 (2.9) 21.0 (3.6) 0.90

0.63
 ≤ 17 13.7 15.1 12.3
 > 17 86.3 84.9 87.7

Sʹ, cm/sec 13.5 (3.0) 13.0 (3.0) 13.9 (3.0) 0.08
0.97

 ≥ 10 15.8 15.7 15.9
 < 10 84.1 84.2 84.0

RV FAC, % 42.9 (8.6) 42.2 (8.0) 43.6 (9.3) 0.35
0.39

 ≤ 35 18.1 20.8 15.3
 > 35 81.9 79.2 84.7

RV strain, %  − 23.6 (4.9)  − 24.1 (4.3)  − 23.1 (5.5) 0.22
0.33

 ≤ − 23 56.9 60.9 52.5
 > − 23 43.1 39.1 47.5

Diastolic dysfunction grade, % 0.99
 0 59.6 58.9 60.3
 I 37.7 38.4 37.0
 II 2.7 2.7 2.7
 III 0 0 0
 E/A 1.0 (0.5) 1.0 (0.5) 0.9 (0.4) 0.16
 Eʹ average, cm/s 8.9 (3.1) 9.0 (3.1) 8.9 (3.1) 0.81
 E/Eʹ 7.6 (3.2) 7.4 (3.4) 7.8 (3.0) 0.42

LAVI, ml/m2 28.7 (10.3) 28.4 (9.6) 29.0 (11.1) 0.69
TR gradient 0.38
 ≤ 34 mmHg 94.7 96.4 92.3
 > 34 mmHg 5.3 3.6 7.7
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LVEF. In 30% of patients, LV-GLS was reduced (> 16%). 
Regarding LV GLS, there was also no significant dif-
ference between the first and second wave (abnormal 
LV GLS 35% vs. 24%; p = 0.16). An abnormal LV GLS 
was not associated with persisting symptoms assessed by 
NYHA class at 6 weeks follow-up (p = 0.35), as shown in 
Fig. 2. Grade I diastolic dysfunction was present in 38% 
of all patients, grade II in 3% of patients (0% grade III). 
Figures 3 and 4 demonstrate two cases of patients with 
persisting symptoms despite only mild abnormalities were 
obsvered on echocardiography.

Right ventricular function

In the total study population, 14% of patients had RV dys-
function as assessed by TAPSE less than 17 mm, 15% in 
the first wave vs. 12% in the second wave (p = 0.63). RV 
FAC ≤ 35% was present in 18% of all patients; 21% in the 
first wave vs. 15% in the second wave (p = 0.39). Mean RV 
free wall strain was -23.6% in all patients; -24.1% in the first 
wave vs. -23.1% in the second wave (p = 0.22). In 5% of all 
patients tricuspid regurgitation gradient was > 34 mmHg; 4% 
in the first wave vs. 8% in the second wave (p = 0.38).

Fig. 2   NYHA class at visit 
6 weeks in patients with normal 
or abnormal GLS. GLS global 
longitudinal strain, NYHA New 
York Heart Association
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Fig. 3   Case example of a 
COVID-19 patient with normal 
myocardial function. Case 
example of a 44-year old patient 
without prior medical history 
who had been admitted to the 
ICU for COVID-19 in the first 
wave and was on mechani-
cal ventilation for 5 days. At 
the out-patient clinical he has 
persisting dyspnoea symptoms 
(NYHA II). Echocardiography 
shows no significant abnormali-
ties. LVEF was 58% and LV 
GLS was normal (− 19%). Right 
ventricular function is preserved 
(TAPSE 25 mm,Sʹ 12 cm/sec, 
RV strain − 29)
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The echocardiography parameters were stratified accord-
ing to disease severity (Table 3). No differences in echo 
cardiography at 6 weeks could be demonstrated between 
patients admitted to the ICU or the general ward.

Discussion

In the present study extensive echocardiographic evaluation 
at 6 weeks post-discharge in COVID-19 patients showed 
reduced LV and RV function in a notable amount of the 
patients. In 27% of patients an reduced LVEF was observed, 
accordingly 30% of patients LV GLS was reduced. Simi-
larly RV function was impaired in a considerable number of 
patients as demonstrated by an abnormal TAPSE in 14% of 
patients, an reduced RV FAC in 18% of patients and abnor-
mal RV strain in 43% of patients. However, LV or RV dys-
function was not related to residual symptoms at the outpa-
tient clinic 6 weeks after discharge as assessed by dyspnoea 
on exertion with NYHA class. Furthermore, there were no 
echocardiographic differences between the first and second 
COVID-19 waves.

Previous studies have described differences in patients 
admitted during the first or second wave, and report that the 
second wave patients have less comorbidities, less severe 
disease, and possibly better medical management. [17, 25]. 

In our patient population at the LUMC similar observations 
were made. Patients admitted during the first wave had on 
average a more pronounced inflammatory response, repre-
sented by a higher maximum CRP, and more often intensive 
care unit admission. In addition, they had more often pulmo-
nary embolism; reflecting a clinically more ill population. 
Several factors may play a role in this observed difference, 
e.g., better medical management, less severe infections and 
less frequent comorbidities in the second wave. This was 
reflected (although not significantly by a better functional 
status at 6 week (i.e., higher number of patients in NYHA 
class I) Despite these differences between patients admit-
ted during the first and second wave, extensive echocardio-
graphic evaluation of LV and RV function at 6 weeks post-
discharge showed no significant differences. It would have 
been of particular interest to perform multi-variate modeling 
to evaluate which parameters are correlated to the occur-
rence of myocardial dysfunction. However, the number of 
patients included in the current registry do not allow for such 
advances analyses.

Several studies have reported echocardiographic abnor-
malities at follow-up after COVID-19 hospitalization. 
Subclinical LV dysfunction (measured with LV GLS) was 
observed in approximately one-third of patients at the one-
month follow-up after hospitalization for COVID-19 and 
was also associated with elevated troponin T levels [13]. 

Fig. 4   Case example of a 
COVID-19 patients with mild 
echocardiographic abnor-
malities. Example of a 75 year 
old patient with a history of 
diabetes and prostate cancer, 
he was admitted to the general 
ward for COVID-19 for 6 days 
in the first wave. During admis-
sion there were signs of cardiac 
injury (i.e., elevated troponin). 
At the out-patient clinical the 
patient has residual NYHA II 
dyspnoea symptoms. Echo-
cardiography showed a mildly 
reduced left ventricular function 
(LVEF 54%, GLS − 15%). RV 
function was normal (TAPSE 
23 mm, RV Sʹ 12 cm/sec, RV 
strain − 25%)
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Table 3   Echocardiography 
at 6 weeks post discharge 
according to disease severity

Data are presented as mean (SD), or as percentage
ICU intensive care unit, LAVI left atrial volume index, LVEDV left ventricular end-diastolic volume, 
LVESV left ventricular end-systolic volume, LVEF left ventricular ejection fraction, LV GLS, left ventricu-
lar global longitudinal strain; RVEDD, right ventricular end-diastolic diameter, RV FAC right ventricular 
fraction area change, RV strain, right ventricular strain, TAPSE tricuspid annular plane systolic excursion, 
TR gradient tricuspid regurgitation gradient

ICU patients (n = 35) Non-ICU patients 
(n = 111)

P-value

LVESV, mL 42.2 (17.2) 40.6 (19.4) 0.674
LVEDV, mL 95.8 (32.2) 90.4 (33.4) 0.412
LVEF, % 56.3 (5.1) 56.2 (7.1) 0.977

0.861
 > 52(M), > 54(F) 74.3 72.1
 40–52(M)/54(F) 25.7 24.3
 30–40 0 0.9
 < 30 0 0.9

LV GLS, %  − 16.3 (2.7)  − 17.1 (2.4) 0.113
0.580

 ≤ -16 66.7 71.7
 > -16 33.3 28.3

RVEDD, mm 33.4 (5.5) 34.7 (4.6) 0.154
TAPSE, mm 20.6 (2.8) 21.1 (3.4) 0.382

0.497
 ≤ 17 6 14
 > 17 29 97
Sʹ, cm/s 13.3 (3.1) 13.5 (3.0) 0.640

0.410
 ≥ 10 88.6 77.4
 < 10 11.4 16.2
RV FAC, % 43.1 (9.4) 42.8 (8.5) 0.891

0.260
 ≤ 35 25.7 17.1
 > 35 74.2 82.9
RV strain, %  − 23.9 (4.0)  − 23.6 (5.2) 0.759

0.419
 ≤ − 23 63.3 55.0
 >  − 23 36.7 45.0
Diastolic dysfunction grade, % 0.515
 0 60.0 59.5
I 40.0 36.9
II 0 3.6
III 0 0
E/A 1.0 (0.6) 0.94 (0.4) 0.471
Eʹ average, cm/s 9.5 (3.3) 8.7(3.1) 0.202
E/Eʹ 6.4 (2.0) 8.0 (3.4) 0.013
LAVI, ml/m2 27.2 (10.4) 29.2 (10.3) 0.314
TR gradient 0.907
 ≤ 34 mmHg 95.2 94.6
 > 34 mmHg 4.7 5.4
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However, the cut-off applied for GLS (> − 18%) is a rela-
tively low threshold thus incorporating patients with only 
mildly impaired LV strain. Akkaya et al. reported in non-
hospitalized COVID-19 patients in the second wave at 
3 months follow-up decreased RV-GLS and RV free wall 
longitudinal strain [14]. However, in their study the observed 
differences were small and of questionable clinical signifi-
cance. Especially, no comparison was made according to 
common cut-off values. Ozer et al. reported subclinical RV 
dysfunction at 3 months follow-up of hospitalized COVID-
19 patients in the first wave [15]. Similar to the previously 
mentioned study, the observed differences were small and 
no difference in LV function could be demonstrated. A clear 
relation between disease severity (concomitant pneumonia 
and need for steroid-therapy) was observed based on which 
the authors concluded that their findings may reflect the 
overall effects of severe disease, not specific to the virus. 
In our study, no differences in LV and RV function between 
first and second wave patients could be demonstrated, even 
though “first wave patients” were significantly more criti-
cally ill. Cardiac evaluation during hospitalization was not 
performed and potentially, cardiac dysfunction could be 
present during hospitalization and restored at time of out-
patient follow-up. Van den Heuvel et al. reported a trend 
towards normalization in myocardial function 4 months 
post-discharge in patients during the first wave [18]. They 
reported no relation between troponin T levels during hos-
pitalization and cardiac function at 4 months follow-up. 
Similar to the present study no relation between cardiac 
symptoms and myocardial dysfunction could be established. 
Similarly, no differences could be established between ICU 
patients or patients admitted to the general ward. There are 
many mechanisms by which COVD-19 might cause cardiac 
abnormalities: direct viral effects leading to myocyte dam-
age, hypoxia induced damage, damage caused by increased 
afterload because of respiratory distress, pulmonary embo-
lisms, the inflammatory response and damage caused by the 
auto-immune response [26–28]. In previous clinical studies 
severe cardiac injury and echocardiography abnormalities 
were observed. For instance Li et al. demonstrated a sig-
nificant mortality in patients with impaired RV strain dur-
ing admission for COVID-19 [29]. Similarly, Giustino et al. 
reported significant higher in-hospital mortality up to 35% 
in patients with both myocardial injury (troponin elevated 
above normal limit) and echocardiographic abnormalities 
[9]. It should be noted that in many of the above mentioned 
studies focussing on COVID-19 survivors, few patients had 
significant myocardial injury (i.e., troponin elevated more 
than three times the upper limit of normal). This could 
largely explain the limited incidence of significant myo-
cardial dysfunction at out-patient follow-up. Furthermore, 
it deserves mentioning that in the present study echocardi-
ography was only performed at the out-patient clinic, after 

admission. As a result information on myocardial function 
before or during admission is not available. This hampers 
further analyses on change over time.

In conclusion, 6 weeks post-discharge mild echocardi-
ographic abnormalities both in LV and RV function were 
observed in a substantial amount of patients, however these 
were not correlated with NYHA class. In addition, echocar-
diographic parameters at follow-up do not differ between 
the first and second COVID-19 wave patients although the 
first wave patients were more ill reflected by several param-
eters. The absence of the correlation between echocardio-
graphic parameters and NYHA class suggests that long 
term symptoms post-COVID might not be explained by 
the mildly abnormal cardiac function. The present analy-
sis demonstrates that routine out-patient screening for car-
diac abnormalities in all COVID-19 survivors is of limited 
clinical relevance. The majority of patient showed normal 
myocardial function at 6 weeks. However, potentially in a 
specific sub-group of patients with significant cardiac injury, 
e.g., patients with markedly elevated troponin T levels dur-
ing admission, additional follow-up including echocardiog-
raphy at the out-patient clinic could be relevant. We suggest 
to reserve cardiac screening only to patients with clinical 
suspicion of important cardiac dysfunction based on ECG 
and troponin levels.

Supplementary Information  The online version contains supplemen-
tary material available at https://​doi.​org/​10.​1007/​s10554-​022-​02590-3.

Author contributions  All authors contributed to the study conception 
and design. Material preparation, data collection and analysis were per-
formed by TWE, MAG and MVRr The first draft of the manuscript was 
written TWEs, MAG and all authors commented on previous versions 
of the manuscript. All authors read and approved the final manuscript.

Funding  The department of Cardiology received research grants from 
Biotronik, Medtronic and Boston Scientific. This funding was not 
applied to the current research.

Declarations 

Conflict of interest  There is no conflict of interest for the present man-
uscript.

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/.

https://doi.org/10.1007/s10554-022-02590-3
http://creativecommons.org/licenses/by/4.0/


1959The International Journal of Cardiovascular Imaging (2022) 38:1951–1960	

1 3

References

	 1.	 Shi S, Qin M, Shen B, Cai Y, Liu T, Yang F et al (2020) Asso-
ciation of cardiac injury with mortality in hospitalized patients 
with COVID-19 in Wuhan, China. JAMA Cardiol 5(7):802–810. 
https://​doi.​org/​10.​1001/​jamac​ardio.​2020.​0950

	 2.	 Guo T, Fan Y, Chen M, Wu X, Zhang L, He T et al (2020) Car-
diovascular implications of fatal outcomes of patients with coro-
navirus disease 2019 (COVID-19). JAMA Cardiol 5(7):811–818. 
https://​doi.​org/​10.​1001/​jamac​ardio.​2020.​1017

	 3.	 Zhou F, Yu T, Du R, Fan G, Liu Y, Liu Z et al (2020) Clini-
cal course and risk factors for mortality of adult inpatients with 
COVID-19 in Wuhan, China: a retrospective cohort study. Lancet 
395(10229):1054–1062. https://​doi.​org/​10.​1016/​S0140-​6736(20)​
30566-3

	 4.	 Nishiga M, Wang DW, Han Y, Lewis DB, Wu JC (2020) COVID-
19 and cardiovascular disease: from basic mechanisms to clinical 
perspectives. Nat Rev Cardiol 17(9):543–558. https://​doi.​org/​10.​
1038/​s41569-​020-​0413-9

	 5.	 Schott JP, Mertens AN, Bloomingdale R, O’Connell TF, Gal-
lagher MJ, Dixon S et al (2020) Transthoracic echocardiographic 
findings in patients admitted with SARS-CoV-2 infection. Echo-
cardiography 37(10):1551–1556. https://​doi.​org/​10.​1111/​echo.​
14835

	 6.	 Rodriguez-Santamarta M, Minguito-Carazo C, Echarte-Morales 
JC, Del Castillo-Garcia S, Valdivia-Ruiz J, Fernandez-Vazquez 
F (2020) Echocardiographic findings in critical patients with 
COVID-19. Rev Esp Cardiol (Engl Ed) 73(10):861–863. https://​
doi.​org/​10.​1016/j.​rec.​2020.​06.​030

	 7.	 Mahmoud-Elsayed HM, Moody WE, Bradlow WM, Khan-Kheil 
AM, Senior J, Hudsmith LE et  al (2020) Echocardiographic 
findings in patients with COVID-19 pneumonia. Can J Cardiol 
36(8):1203–1207. https://​doi.​org/​10.​1016/j.​cjca.​2020.​05.​030

	 8.	 Szekely Y, Lichter Y, Taieb P, Banai A, Hochstadt A, Merdler I 
et al (2020) Spectrum of cardiac manifestations in COVID-19: a 
systematic echocardiographic study. Circulation 142(4):342–353. 
https://​doi.​org/​10.​1161/​CIRCU​LATIO​NAHA.​120.​047971

	 9.	 Giustino G, Croft LB, Stefanini GG, Bragato R, Silbiger JJ, 
Vicenzi M et al (2020) Characterization of myocardial injury in 
patients with COVID-19. J Am Coll Cardiol 76(18):2043–2055. 
https://​doi.​org/​10.​1016/j.​jacc.​2020.​08.​069

	10.	 Kim J, Volodarskiy A, Sultana R, Pollie MP, Yum B, Nambiar 
L et al (2020) Prognostic utility of right ventricular remodeling 
over conventional risk stratification in patients With COVID-19. 
J Am Coll Cardiol 76(17):1965–1977. https://​doi.​org/​10.​1016/j.​
jacc.​2020.​08.​066

	11.	 Argulian E, Sud K, Vogel B, Bohra C, Garg VP, Talebi S et al 
(2020) Right ventricular dilation in hospitalized patients with 
COVID-19 infection. JACC Cardiovasc Imaging 13(11):2459–
2461. https://​doi.​org/​10.​1016/j.​jcmg.​2020.​05.​010

	12.	 Baycan OF, Barman HA, Atici A, Tatlisu A, Bolen F, Ergen 
P et al (2021) Evaluation of biventricular function in patients 
with COVID-19 using speckle tracking echocardiography. Int 
J Cardiovasc Imaging 37(1):135–144. https://​doi.​org/​10.​1007/​
s10554-​020-​01968-5

	13.	 Ozer S, Candan L, Ozyildiz AG, Turan OE (2021) Evaluation 
of left ventricular global functions with speckle tracking echo-
cardiography in patients recovered from COVID-19. Int J Car-
diovasc Imaging 37(7):2227–2233. https://​doi.​org/​10.​1007/​
s10554-​021-​02211-5

	14.	 Akkaya F, Yenercag FNT, Kaya A, Sener YZ, Bagci A (2021) 
Long term effects of mild severity COVID19 on right ventricular 
functions. Int J Cardiovasc Imaging 37:1–7. https://​doi.​org/​10.​
1007/​s10554-​021-​02340-x

	15.	 Ozer PK, Govdeli EA, Baykiz D, Karaayvaz EB, Medetalibeyoglu 
A, Catma Y et al (2021) Impairment of right ventricular longitudi-
nal strain associated with severity of pneumonia in patients recov-
ered from COVID-19. Int J Cardiovasc Imaging 37(8):2387–2397. 
https://​doi.​org/​10.​1007/​s10554-​021-​02214-2

	16.	 Puntmann VO, Carerj ML, Wieters I, Fahim M, Arendt C, Hoff-
mann J et al (2020) Outcomes of cardiovascular magnetic reso-
nance imaging in patients recently recovered from coronavirus 
disease 2019 (COVID-19). JAMA Cardiol 5(11):1265–1273. 
https://​doi.​org/​10.​1001/​jamac​ardio.​2020.​3557

	17.	 Saito S, Asai Y, Matsunaga N, Hayakawa K, Terada M, Ohtsu H 
et al (2021) First and second COVID-19 waves in Japan: a com-
parison of disease severity and characteristics. J Infect 82(4):84–
123. https://​doi.​org/​10.​1016/j.​jinf.​2020.​10.​033

	18.	 van den Heuvel FMA, Vos JL, van Bakel B, Duijnhouwer AL, van 
Dijk APJ, Dimitriu-Leen AC et al (2021) Comparison between 
myocardial function assessed by echocardiography during hospi-
talization for COVID-19 and at 4 months follow-up. Int J Cardio-
vas Imaging 37:1–9. https://​doi.​org/​10.​1007/​s10554-​021-​02346-5

	19.	 de Graaf MA, Antoni ML, Ter Kuile MM, Arbous MS, Duinisveld 
AJF, Feltkamp MCW et al (2021) Short-term outpatient follow-
up of COVID-19 patients: a multidisciplinary approach. EClini-
calMedicine 32:100731. https://​doi.​org/​10.​1016/j.​eclinm.​2021.​
100731

	20.	 Rijksinstituut voor Volksgezondheid en Milieu, Ned-
erland (2020) https://​www.​r ivm.​nl/​docum​enten/​versc​
hil-​tussen-​eerste-​en-​tweede-​golf-​corona

	21.	 Galderisi M, Cosyns B, Edvardsen T, Cardim N, Delgado V, 
Di Salvo G et al (2017) Standardization of adult transthoracic 
echocardiography reporting in agreement with recent chamber 
quantification, diastolic function, and heart valve disease rec-
ommendations: an expert consensus document of the European 
Association of Cardiovascular Imaging. Eur Heart J Cardiovasc 
Imaging 18(12):1301–1310. https://​doi.​org/​10.​1093/​ehjci/​jex244

	22.	 Nagueh SF, Smiseth OA, Appleton CP, Byrd BF 3rd, Dokainish 
H, Edvardsen T et al (2016) Recommendations for the evalua-
tion of left ventricular diastolic function by echocardiography: 
an Update from the American Society of Echocardiography and 
the European Association of Cardiovascular Imaging. Eur Heart J 
Cardiovasc Imaging 17(12):1321–1360. https://​doi.​org/​10.​1016/j.​
echo.​2016.​01.​011

	23.	 Rudski LG, Lai WW, Afilalo J, Hua L, Handschumacher MD, 
Chandrasekaran K et al (2010) Guidelines for the echocardio-
graphic assessment of the right heart in adults: a report from the 
American Society of Echocardiography endorsed by the European 
Association of Echocardiography, a registered branch of the Euro-
pean Society of Cardiology, and the Canadian Society of Echo-
cardiography. J Am Soc Echocardiogr 23(7):685–713. https://​doi.​
org/​10.​1016/j.​echo.​2010.​05.​010

	24.	 Muraru D, Onciul S, Peluso D, Soriani N, Cucchini U, Aruta P 
et al (2016) Badano sex- and method-specific reference values for 
right ventricular strain by 2-dimensional speckle-tracking echo-
cardiography. Circ Cardiovasc Imaging 9(2):e003866. https://​doi.​
org/​10.​1161/​CIRCI​MAGING.​115.​003866

	25.	 Vahidy FS, Drews AL, Masud FN, Schwartz RL, Askary BB, 
Boom ML et al (2020) Characteristics and outcomes of COVID-
19 patients during initial peak and resurgence in the Houston met-
ropolitan area. JAMA 324(10):998–1000. https://​doi.​org/​10.​1001/​
jama.​2020.​15301

	26.	 Inciardi RM, Lupi L, Zaccone G et al (2020) Cardiac involvement 
in a patient with coronavirus disease 2019 (covid-19). JAMA Car-
diol 5(7):819–824. https://​doi.​org/​10.​1001/​jamac​ardio.​2020.​1096

	27.	 Madjid M, Safavi-Naeini P, Solomon SD, Vardeny O (2020) 
Potential effects of coronaviruses on the cardiovascular system: 
a review. JAMA Cardiol 5(7):831–840. https://​doi.​org/​10.​1001/​
jamac​ardio.​2020.​1286

https://doi.org/10.1001/jamacardio.2020.0950
https://doi.org/10.1001/jamacardio.2020.1017
https://doi.org/10.1016/S0140-6736(20)30566-3
https://doi.org/10.1016/S0140-6736(20)30566-3
https://doi.org/10.1038/s41569-020-0413-9
https://doi.org/10.1038/s41569-020-0413-9
https://doi.org/10.1111/echo.14835
https://doi.org/10.1111/echo.14835
https://doi.org/10.1016/j.rec.2020.06.030
https://doi.org/10.1016/j.rec.2020.06.030
https://doi.org/10.1016/j.cjca.2020.05.030
https://doi.org/10.1161/CIRCULATIONAHA.120.047971
https://doi.org/10.1016/j.jacc.2020.08.069
https://doi.org/10.1016/j.jacc.2020.08.066
https://doi.org/10.1016/j.jacc.2020.08.066
https://doi.org/10.1016/j.jcmg.2020.05.010
https://doi.org/10.1007/s10554-020-01968-5
https://doi.org/10.1007/s10554-020-01968-5
https://doi.org/10.1007/s10554-021-02211-5
https://doi.org/10.1007/s10554-021-02211-5
https://doi.org/10.1007/s10554-021-02340-x
https://doi.org/10.1007/s10554-021-02340-x
https://doi.org/10.1007/s10554-021-02214-2
https://doi.org/10.1001/jamacardio.2020.3557
https://doi.org/10.1016/j.jinf.2020.10.033
https://doi.org/10.1007/s10554-021-02346-5
https://doi.org/10.1016/j.eclinm.2021.100731
https://doi.org/10.1016/j.eclinm.2021.100731
https://www.rivm.nl/documenten/verschil-tussen-eerste-en-tweede-golf-corona
https://www.rivm.nl/documenten/verschil-tussen-eerste-en-tweede-golf-corona
https://doi.org/10.1093/ehjci/jex244
https://doi.org/10.1016/j.echo.2016.01.011
https://doi.org/10.1016/j.echo.2016.01.011
https://doi.org/10.1016/j.echo.2010.05.010
https://doi.org/10.1016/j.echo.2010.05.010
https://doi.org/10.1161/CIRCIMAGING.115.003866
https://doi.org/10.1161/CIRCIMAGING.115.003866
https://doi.org/10.1001/jama.2020.15301
https://doi.org/10.1001/jama.2020.15301
https://doi.org/10.1001/jamacardio.2020.1096
https://doi.org/10.1001/jamacardio.2020.1286
https://doi.org/10.1001/jamacardio.2020.1286


1960	 The International Journal of Cardiovascular Imaging (2022) 38:1951–1960

1 3

	28.	 Lan Y, Liu W, Zhou Y (2021) Right ventricular damage in 
COVID-19: association between myocardial injury and COVID-
19. Front Cardiovasc Med 8:606318. https://​doi.​org/​10.​3389/​
fcvm.​2021.​606318

	29.	 Li Y, Li H, Zhu S et al (2020) Prognostic value of right ventricular 
longitudinal strain in patients with COVID-19. JACC Cardiovasc 
Imaging 13(11):2287–2299. https://​doi.​org/​10.​1016/j.​jcmg.​2020.​
04.​014

Publisher's Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.3389/fcvm.2021.606318
https://doi.org/10.3389/fcvm.2021.606318
https://doi.org/10.1016/j.jcmg.2020.04.014
https://doi.org/10.1016/j.jcmg.2020.04.014

	Myocardial function in COVID-19 patients after hospital discharge: a descriptive study comparing the first and second ‘wave’ patients
	Abstract
	Introduction
	Methods
	Design and study population
	Transthoracic echocardiography
	Statistical analysis

	Results
	Left ventricular function
	Right ventricular function

	Discussion
	References




