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Background: In the post-acute COVID-19 syndrome, many patients suffer from palpita-
tions, effort-associated fatigue, and even sudden death. The mechanism of heart involvement 
in this syndrome is uncertain. The main purpose of the study was to identify possible cardiac 
involvement causes in patients with post-acute COVID-19 by using biomarkers such as NT- 
proBNP and nitric oxide (NO) and cardiac imaging modalities.
Methods: In this cross-sectional study, a total of 105 participants were included according to 
the existence of symptoms, and 40 of these participants were asymptomatic patients. The 
ages of the participants ranged from 20 to 50 years. All patients were healthy before COVID- 
19. The symptoms were defined as palpitations and/or fatigue association with exercise in 
post-acute COVID-19 term. The comparison of the two groups was made by using biochem-
ical parameters (NT-proBNP, Troponin I, NO) and imaging techniques (echocardiography, 
cardiovascular magnetic resonance (CMR) and cardiac positron emission tomography 
(PET)).
Results: The symptomatic patients had higher NT-proBNP levels compared with asympto-
matic patients (132.30±35.15; 76.86±16.79, respectively; p < 0.001). Interestingly, the 
symptomatic patients had lower NO levels than asymptomatic patients (9.20±3.08; 16.15 
±6.02, respectively; p < 0.001). Echocardiography and CMR were normal. However, we 
found regional increased 18F-FDG uptake on cardiac PET to be compatible with myocardial 
fatigue.
Conclusion: We found elevated NT-proNBP levels, low serum NO levels, and increased 
18F-FDG uptake on cardiac PET in post-acute COVID syndrome. Cardiac PET could replace 
or be added to CMR for detecting subtle subacute/chronic myocarditis. The follow-up of 
patients with post-acute COVID-19 could target the possibility of risk of heart failure.
Keywords: post-acute COVID-19, cardiac involvement, laboratory tests, imaging

Introduction
Coronavirus disease of 2019 (COVID-19) is a deadly pandemic infection.1 

Although the primary mortality reason in COVID-19 is severe acute respiratory 
syndrome, cardiovascular complications of COVID-19 have been described as 
acute coronary syndrome, myocarditis, arrhythmia, and thromboembolism in early 
terms.2 On the other hand, after the acute COVID-19 period, a group of patients 
have suffered from palpitations, chest pain, and effort-associated fatigue, which has 
been described as post-acute COVID-19 syndrome.3 These patients have also 
common arrhythmias.4 Besides, comorbid conditions including heart failure and 
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diabetes in those patients increase re-hospitalization or 
death.5 However, the patients without comorbid situations 
have normal troponin level, normal electrocardiographic 
findings in addition to normal pulmonary functions.

Cardiac biomarkers have been used for cardiac damage 
establishment in recent years. N-terminal pro B-type 
natriuretic peptide (NT-proBNP) is a well-known biomar-
ker originating from cardiomyocytes. These biomarkers 
have important diagnostic and prognostic values at early- 
stage and asymptomatic cardiovascular diseases.6,7 

Interestingly, it has been stated that a NT-proBNP test 
could predict as an independent risk factor for in-hospital 
death in patients with severe COVID-19.8 Recent studies 
reported that vascular problems in acute COVID-19 could 
be related with lower nitric oxide levels.9 To date, there is 
no comprehensive examination of the potential cardiac 
involvement mechanism in post-acute COVID-19 syn-
drome. Pericardial effusion availability, cytokine induction 
and intracardiac virus detection can be very important in 
terms of cardiac involvement of COVID-19.

To understand the likely basis of the cardiac involve-
ment in post-acute COVID syndrome, we evaluated recov-
ered COVID-19 patients using laboratory and imaging 
investigation techniques.

Method
The study population consisted of 105 patients who had 
recovered from COVID-19 between December 2020 and 
February 2021. This study was a cross-sectional study. The 
age range of the groups was from 20 to 50 years. This 
study comprised patients having recovered from COVID- 
19 from 3 weeks to 2 months ago and with no prior heart 
disease. The study protocol was accepted by Medicana 
International Ankara Hospital Human Research Ethic 
Committee (2020/13). Written informed consent was 
obtained from each patient. Declaration of Helsinki prin-
ciples were followed in this study.

Definition of post Covid-19: Post-acute COVID-19 
encompassed the patients who recovered from 3 weeks 
to 2 months earlier and with no prior heart disease. The 
patients had normal structural heart and normal cardiac 
troponin levels.

The patients with post-acute COVID-19 were divided 
into two groups according to the existence of symptoms. 
Group 1 was asymptomatic group (40 patients) and group 
2 was symptomatic (65 patients).

Symptomatic patient was defined as an individual with 
suddenly new raised palpitation complaint with/without 

supraventricular arrhythmia (atrial tachycardia, sinus 
tachycardia) in 24 hours Holter analysis and/or fatigue 
association with exercise in the post COVID-19 period.

A comparison of two groups was made using biochem-
ical parameters (NT-proBNP, Troponin I, and oxidative 
stress tests including nitric oxide), and imaging techniques 
(echocardiography, cardiovascular magnetic resonance, 
and cardiac positron emission tomography).

The patients with systolic dysfunction (<50% ejection 
fraction), acute coronary syndrome, high troponin levels, 
renal failure, atrial fibrillation, pneumonia or pulmonary 
embolism were excluded.

Randomized fifteen patients underwent cardiovascular 
magnetic resonance (CMR) for tissue characterization eva-
luation (scar, fat, and edema). Because of normal CMR 
findings but high NT-proBNP, five of these patients under-
went cardiac positron emission tomography (PET) for 
quantification of specific processes at the molecular level, 
such as metabolism, inflammation.10,11

Measurement of NT-proBNP Plasma 
Levels
NT-proBNP was measured by collecting 5 mL of whole 
blood into tubes containing potassium ethylene diamine 
tetra-acetic acid (1 mg/mL blood) upon admission. Plasma 
NT-proBNP was measured using the Immulite NT-proBNP 
assay (pg/mL).

Oxidative Stress Assays and Oxidative 
Stress Markers
The analyses of serum biochemical oxidative stress mar-
kers parameters were performed on an auto analyzer 
(Mindray BS 300) using commercial kits (RelAssay 
Diagnostic, Turkey). Venous blood samples were collected 
from all of the patients. Total antioxidant status (TAS, 
mmol Trolox Eq/L), total oxidant status (TOS, mmol 
H2O2 Eq/L), oxidative stress index (OSI-TOS/TAS), para-
oxonase (PON, U/L), total thiol (µmol/L), serum native 
thiol (µmol/L), nitric oxide (NO, µmol/L), and disulfide 
levels were measured for subjects.12,13

Echocardiographic Evaluation
Standard TTE was performed in the left lateral decubitus 
position using Philips Affiniti 50G device (Philips, USA) 
with a 2.5 MHz transducer to examine two-dimensional 
images (2-D) and evaluate M-mode and Doppler values. In 
operation, depth was 20 cm and dynamic range was 6. 

https://doi.org/10.2147/IJGM.S321156                                                                                                                                                                                                                                 

DovePress                                                                                                                                   

International Journal of General Medicine 2021:14 4978

Sarıçam et al                                                                                                                                                          Dovepress

Powered by TCPDF (www.tcpdf.org)

In
te

rn
at

io
na

l J
ou

rn
al

 o
f G

en
er

al
 M

ed
ic

in
e 

do
w

nl
oa

de
d 

fr
om

 h
ttp

s:
//w

w
w

.d
ov

ep
re

ss
.c

om
/ b

y 
17

6.
42

.2
7.

49
 o

n 
29

-S
ep

-2
02

1
F

or
 p

er
so

na
l u

se
 o

nl
y.

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


M-mode and 2-D images of the left ventricle and Doppler 
parameters were recorded on the basis of the American 
Society of Echocardiography and the European 
Association of Cardiovascular Imaging.14

Echocardiographic involvement was accepted as peri-
cardial effusion or focal perimyocardial echo bright 
appearance.15

Cardiac MR Scan (CMR) and Cardiac 
Positron Emission Tomography (PET)
To evaluate for myocarditis, cardiac magnetic resonance 
imaging was done using clinical 3-T scanners (SIGNA™ 
Voyager - 70cm - GE Healthcare, USA). Conventional 
sequences were used for the acquisition of cardiac func-
tion, volumes, mass, and scar imaging. Myocardial T1 and 
T2 mapping were acquired in a single midventricular 
short-axis slice, while for T2 mapping, a validated 
sequence for measurement of myocardial edema was 
used. Late gadolinium enhancement (LGE) imaging was 
completed approximately 10 minutes after administration 
of 0.1 mmol/kg of body weight of gadobutrol (Gadovist; 
Bayer).

To assess for possible myocardial involvement, follow-
ing a period of prolonged fasting (>10 hours), the patients 
received 10–12 millicuries of 18F-FDG intravenously. 
18F-FDG PET imaging with GE Discovery IQ was started 
after an uptake period of 90 minutes during which patients 
were asked to rest quietly (not to talk or engage in physical 
activity). The heart position was localized with a scout 
image (computerized tomography or radionuclide). 
Transmission scan (computerized tomography or radionu-
clide) was obtained for the measurement and correction of 
soft tissue attenuation followed by a non-gated cardiac 
18F-FDG image acquisition (3-D mode). The cardiac 
emission images were reconstructed with and without 
attenuation correction.

Statistical Analysis
SPSS for Windows 23 (IBM Inc., Chicago, IL, USA) was 
used for statistical analysis. The normal distribution of the 
data was checked with Kolmogorov–Smirnov test. The 
comparison of categorical data was analyzed with Chi 
square test, while continuous parameters were compared 
with Independent Samples T-test. Continuous data were 
expressed as the mean±SD and categorical variables 
were presented as a number and percentage. In addition, 
we determined a proper cutoff value for BNP level through 
a ROC analysis and the areas under the ROC curves 
(AUCs) were calculated. A value of p<0.05 was consid-
ered as significant.

Results
Table 1 shows the demographic factors and clinical fea-
tures of the patients. There was no significant statistical 
difference between the two groups regarding age, weight, 
and ejection fraction (p>0.05; Table 1). While the mean 
age of the patients in asymptomatic group (group 1) was 
38.43±7.21, that of the patients in symptomatic (group 2) 
was 37.35±7.01 (p>0.05). The patients in group 1 
weighted 78.95±3.11 kg, while the patients in group 2 
weighed 78.72±3.65 kg. In terms of ejection fraction 
(EF), EF in Group 1 was 57.27±1.67, and EF in Group 2 
was 57.38±1.46 (p>0.05).

Symptomatic patients had sinus tachycardia resting 
ECG or atrial tachycardia in 24 hours Holter analysis. 
Asymptomatic patients had normal sinus rhythm.

Biochemical parameters (NT-proBNP levels and oxi-
dative stress markers):

Troponin I level and renal function tests of all patients 
were normal.

The symptomatic patients with post-acute COVID-19 
syndrome had higher NT-proBNP levels than asympto-
matic post COVID-19 patients (132.30±35.15; 76.86 
±16.79, respectively; p <0.001). The symptomatic patients 

Table 1 Demographic Features Between Two Groups Regarding Age, Weight, and Ejection Fraction

Asymptomatic Symptomatic Test Value p

Age 38.43±7.21 37.35±7.01 0.742a 0.453

Gender 15 (30.0) 35 (70.0) 2.653b 0.103
25 (45.5) 30 (54.5)

Weight (kilograms) 78.95±3.11 78.72±3.65 0.291a 0.772

Ejection fraction 57.27±1.67 57.38±1.46 0.726

Notes: at-test; bChi-squared test.
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with post -acute COVID-19 syndrome had lower NO 
levels than asymptomatic post COVID-19 patients (9.20 
±3.08; 16.15±6.02, respectively; p <0.001) (Table 2). No 
statistically significant difference was found between 
groups regarding other oxidative stress markers (p>0.05).

NO levels in patients >125 NT-proBNP are lower than 
the patients <125 NT-proBNP (8.4±2.84; 14.13±5.81, 
respectively; p<0.001) (Table 3). There was no statistically 
significant difference between groups regarding other oxi-
dative stress markers (p>0.05).

The cutoff value of NT-proBNP for symptomatic 
patients is 98.5 pg/mL (sensitivity 86.2% and specificity 
90.0%). Moreover, in the patients with >98.5 pg/mL in 
NT-proBNP values, NO levels are significantly lower 
(9.34±3.28; 15.91± 6.12, respectively; p <0.001).

Imaging Techniques
Echocardiographic evaluation: Echocardiographic mea-
surements were performed for all of the patients. Left 
ventricular systolic and diastolic functions of the patients 
were normal. We only saw focal ecobright appearance and 
mild pericardial effusion in 2 patients within the 65 in the 
symptomatic group.

CMR evaluation: Fifteen patients underwent CMR. We 
did not see myocardial edema or patchy scarring for myo-
cardial involvement on LGE images. Those patients had 
>125 NT proBNP levels (Figure 1A).

Cardiac PET evaluation: Five patients underwent car-
diac PET (within the 15 patients who underwent CMR). 
We saw regional increased 18F-FGD uptake on myocar-
dial jeopardized areas in five patients (Figure 1B).

Discussion
Post-acute COVID-19 syndrome has persistent symptoms 
after recovering from disease. Palpitations, fatigue, chest 
pain, and back pain are the most common symptoms in 
those patients. Viral infiltration, inflammation and micro-
thrombi, and down-regulation of ACE-2 receptors are the 
likely mechanism.16,17

NT-proBNP is a natriuretic peptide synthesized and 
secreted by myocytes as a response to myocytes stretched 
by pressure overload or volume expansion of the 
ventricle.18 Moreover, cardiomyocyte damage or hypoxia 
may also cause the activation of NT-proBNP.19 We exam-
ined the patients with post-acute COVID-19 by making 

Table 2 NT-proBNP Levels and Oxidative Stress Markers in Asymptomatic and Symptomatic Patients

Asymptomatic (n = 40) (M±SD) Symptomatic (n = 65) (M±SD) t p

NT-BNP 76.86±16.79 132.30±35.15 −9.327 <0.001

TAS 1.70±0.26 1.60±0.27 1.469 0.147

TOS 4.99±1.44 4.97±1.08 0.071 0.944

OSI 2.94±0.80 3.14±0.70 −1.004 0.320

PON 351.09±197.50 439.79±285.86 −1.266 0.211

TTL 253.76±73.93 257.57±71.94 −0.195 0.846

NTL 187.47±36.32 207.95±49.58 −1.669 0.100

Disulfide 33.59±25.77 24.81±23.79 1.349 0.182

NO 16.15±6.02 9.20±3.08 6.138 <0.001

Abbreviations: NT-BNP, NT-proBNP (pg/mL); TAS, total antioxidant status (mmol Trolox Eq/L); TOS, total oxidant status (mmol H2O2 Eq/L); OSI, oxidative stress index 
(TOS/TAS); PON, Paraoxonase (U/L); TTL, total thiol (µmol/L); NTL, serum native thiol (µmol/L); NO, nitric oxide (µmol/L).

Table 3 Oxidative Stress Markers According to NT-proBNP 
Levels

NT-proBNP<125 
(n = 69) (M±SD)

NT-proBNP>125 
(n = 36) (M±SD)

t p

TAS 1.64±0.28 1.61±0.24 0.472 0.638

TOS 4.77±1.22 5.28±1.15 −1.645 0.105

OSI 2.93±0.73 3.29±0.70 −1.959 0.055

PON 383.61±212.17 446.45±320.34 −0.916 0.364

TTL 252.55±59.87 261.60±87.73 −0.479 0.634

NTL 195.50±35.38 208.68±58.34 −1.098 0.277

Disulfide 28.92±22.39 26.46±28.13 0.382 0.704

NO 14.13±5.81 8.49±2.84 4.589 <0.001

Abbreviations: NT-BNP, NT-proBNP (pg/mL); TAS, total antioxidant status (mmol 
Trolox Eq/L); TOS, total oxidant status (mmol H2O2 Eq/L); OSI, oxidative stress 
index (TOS/TAS); PON, Paraoxonase (U/L); TTL, total thiol (µmol/L); NTL, serum 
native thiol (µmol/L); NO, nitric oxide (µmol/L).
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Figure 1 Cardiac magnetic resonance and cardiac PET imaging (same patient). (A) In short axis view, no cardiac involvement on LGE images. (B) Increased 18F-FDG-PET 
uptake on lateral and inferolateral walls of left ventricle on bulls eye map and on slices (indicating jeopardized area).
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blood analyses and imaging investigations (including 
echocardiography, CMR, cardiac PET). The patients with 
symptoms of post-acute COVID-19 syndrome had higher 
NT-proBNP levels than asymptomatic post COVID-19 
patients (132.30±35.15; 76.86±16.79, respectively; 
p<0.001). According to ESC guidelines, the upper limit 
of normal in the non-acute condition for NT-proBNP is 
125 pg/mL, while in acute condition, the cutoff value for 
NT-proBNP is 300 pg/mL.20 However, American guide-
lines do not recommend any cutoff levels for NT-proBNP 
in the chronic period.21 We have established that the cutoff 
value of NT-proBNP for symptomatic patients was 98.5 
pg/mL (sensitivity 86.2% and specificity 90.0%) in ROC 
curves (Figure 1).

Interestingly, the symptomatic patients with post-acute 
COVID-19 syndrome had lower NO levels than asympto-
matic post COVID-19 patients (9.20±3.08; 16.15±6.02, 
respectively; p <0.001). In the patients with > 125 pg/mL 
NT-proBNP levels, NO levels are significantly lower than 
the patients with <125 pg/mL NT-proBNP levels (8.49 
±2.84; 14.13±5.81, respectively; p<0.001). Nitric oxide 
produced by endothelial cells is a strong vasodilatory and 
anti-inflammatory signaling molecule. Endothelial dys-
function is termed as a reduced capacity for nitric oxide 
production or/and decreased nitric oxide sensitivity. This 

condition causes a procoagulant and proinflammatory 
situation.22 The findings of the present study support that 
thromboembolic events after acute period COVID-19 
could be related to endothelial dysfunction.

ECG abnormality (sinus tachycardia/atrial tachycar-
dia), elevated NT-proNBP levels, normal troponin 
I levels, normal LVEF in echocardiography, no infarction 
or infiltration on CMR, and increased regional 18F-FDG 
uptake on cardiac PET have been thought as myocardial 
fatigue.23 Inflammatory state and decreased NO levels 
result in endothelial dysfunction. Then endothelial dys-
function causes heart failure symptoms (palpitations, exer-
cise-related fatigue) such as heart failure with preserved 
ejection fraction (HFpEF).24 All combined, it can be sug-
gested that the possible cardiac involvement mechanism of 
post-acute COVID-19 could be associated with myocardial 
fatigue and low NO levels (Figure 2). Duerr et al. reported 
another parameter to predict COVID-19-induced myocar-
dial injury and mortality including availability of pericar-
dial effusion and high CD8 (Killer) T cells/Treg/monocyte 
ratio.25 Additionally, Lindner et al. analyzed COVID-19 
autopsy cases and reported that viral presence within the 
myocardium could be documented, but not associated with 
an influx of inflammatory cells.26

Figure 2 Effect of biochemical and imaging tests on possible cardiac involvement of post-acute COVID-19.
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Fifteen patients underwent CMR. We did not see myo-
cardial edema or patchy scarring for myocardial involve-
ment on LGE images. The patients had >125 NT proBNP 
levels. However, five patients underwent cardiac PET 
(within the 15 patients who underwent CMR). We saw 
a regional increase in 18F-FGD uptake on myocardial 
jeopardized areas in these five patients, in spite of normal 
CMR findings.

This study showed that the patients with post-acute 
COVID-19 could have subtle myocardial involvement. 
Besides, these findings indicate subtle myocardial inflam-
mation could be missed by the CMR in subacute/chronic 
myocarditis.

Although there were no evidence of myocardial 
damage after post-acute COVID-19 such as echocardio-
graphic and cardiac enzyme abnormality, transient ECG 
abnormality, PET findings could be an evaluation of car-
diac involvement. CMR could have low sensitivity for 
patients with subacute/chronic myocarditis. Therefore, car-
diac PET could replace or add to CMR in suspected sub-
acute/chronic myocarditis.

If endomyocardial biopsy is not possible, the diagnosis 
is of suspected diagnosis of myocarditis with or without 
associated pericarditis and can be supported by CMR 
according to Lake Louise criteria (LLC), which target 
three aspects of myocardial inflammation: edema, hyper-
emia, and necrosis and/or fibrosis.27 However, diffuse or 
subtle myocardial inflammation can be missed by the 
original LLC. Thus, the original LLC was revised with 
mapping techniques in the acute myocarditis diagnosis in 
2018.28 The patients with symptomatic COVID-19 and 
acute myocarditis were found to have a pattern of diffuse 
myocardial edema in CMR evaluation,29,30 but in follow-
ing clinical change details of CMR are rather limited.31

However, in subacute/chronic period, CMR’s limitation 
in diagnosing myocarditis is the evolving nature of myo-
cardial edema and necrosis over time after the initial 
insult.32 On the other hand, cardiac FDG-PET has 
a potential role in the assessment of myocarditis by detect-
ing the underlying myocardial inflammatory activity, 
which is abnormally increased myocardial uptake. FDG- 
PET findings may support complementary and incremental 
information to CMR for subtle or borderline myocarditis, 
and increasing specificity for chronic myocarditis.

A few limitations exist in our study. First, patients mostly 
consist of recovered COVID-19 from 3 weeks to 2 months 
ago and no prior heart disease. Second, NT-proBNP, Troponin 
I, oxidative stress tests were the only markers investigated in 

this study. This limitation did not affect the results. Studying 
with other cardiac inflammatory markers would emphasize 
advantages (e.g. efficacy, specificity) in prediction of fatigue. 
There is no cardiac biopsy procedure. Furthermore, this was 
a single-center study and additionally the small sample size 
may have posed limitations in this study.

Conclusion
We have informed elevated NT-proNBP levels, low serum 
NO levels, normal CMR findings and increased 18F-FDG 
uptake on cardiac PET in subacute/chronic term post-acute 
COVID-19 disease. The following of those patients with 
post-acute COVID-19 should also target the possibility of 
risk of heart failure.

Abbreviations
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