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Abstract
Objective  Coronavirus disease 2019 (COVID-19) has a risk of cardiac arrhythmia, acute coronary syndrome, heart failure 
and myocarditis, and the prognosis of COVID-19 has been associated with cardiovascular symptoms. However, there has 
not been enough information about cardiovascular involvement in patients who had recovered home-based mild symptoms 
of COVID-19 infection. Therefore, this study evaluates the prevalence of cardiac involvement and associated factors in 
home-based recovered COVİD-19 patients.
Subject and methods.
A total of 64 participants who applied to cardiology outpatient clinics with cardiac symptoms after recovering from COVID 
infection were recorded between April and December 2020. The patients were divided into two according to cardiovascular 
involvement in the cardiovascular magnetic resonance (CMR) imaging results.
Results  No significant difference between the two groups regarding age and co‐morbidities. Patients with cardiac involve-
ment had higher C-reactive protein compared to without cardiac involvement patients. A total of 46 patients who recently 
recovered from COVID-19 had abnormal CMR findings such as myocardial late gadolinium enhancement or pericardial 
enhancement. In addition, the left ventricular ejection fraction and stroke volume were significantly lower in the cardiac 
involvement patients.
Conclusion  We demonstrate cardiac involvement in 46 patients (71%) with recent COVID-19, independent of pre-existing 
conditions. This indicates that there may be widespread cardiac involvement without high troponin values or severe clinical 
symptoms.
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Introduction

Coronavirus disease 2019 (COVID-19) was first identified 
in patients complaining of acute respiratory symptoms in 
Wuhan, China, in December 2019 [1]. It has been reported 
that severe acute respiratory syndrome coronavirus 2 

(SARS-CoV-2) can affect the cardiovascular system directly 
or indirectly [2]. Although mortality has mainly been due 
to severe acute respiratory syndrome and multi-organ dys-
function in COVID-19, cardiovascular complications have 
been demonstrated as the cause of death in some COVID-
19 patients [3, 4]. COVID-19 disease has a risk of cardiac 
arrhythmia, acute coronary syndrome, heart failure com-
plications and fulminant myocarditis, and the prognosis of 
COVID-19 disease has been associated with cardiovascular 
symptoms [2, 5].

It is known that approximately 20% of all cases remain 
asymptomatic throughout the disease [6]. The long-term 
cardiac effect has been reported in patients who recently 
recovered from COVID-19, regardless of the severity and 
overall course of the acute disease [7]. In a recent study, 
78% of patients who recovered from COVID-19 infection, 
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regardless of cardiac symptoms, had cardiovascular involve-
ment as detected by cardiovascular magnetic resonance 
(CMR) [7].

There has not been enough information about cardiovas-
cular involvement in patients who have had a COVID-19 
infection; those with were not hospitalised or had no symp-
toms or only mild symptoms. Therefore, the diagnosis of 
cardiac involvement is critical for the close follow-up, treat-
ment, and awareness of high-risk patients. Therefore, we 
aimed to evaluate the prevalence of cardiac involvement 
and associated factors in home-based recovered COVİD-19 
patients.

Material and methods

Study design and participants

This was a retrospective observational study of 64 patients 
diagnosed with SARS-CoV-2 by the reverse transcription 
polymerase chain reaction (PCR) on a swab test of the upper 
respiratory tract. Participants who applied to cardiology 
outpatient clinics with cardiac symptoms after recovering 
from COVID infection were recorded between April and 
December 2020. The patients were divided into two accord-
ing to the presence of cardiovascular involvement in the 
CMR imaging results. Cardiac involvement was defined as 
the presence of myocardial or pericardial late gadolinium 
enhancement (LGE) or pericardial effusion. All participants 
were accepted at least two weeks after the original diagnosis 
when respiratory symptoms resolved and the isolation period 
ended. In this analysis, patients who had performed CMR 
and hospitalised for active cardiac symptoms or COVID-
19 were not included. Exclusion criteria were the presence 
and history of heart failure with reduced ejection fraction 
(EF < 50%), structural heart disease, moderate or severe 
valvular heart disease, known as pulmonary arterial hyper-
tension, and individuals with systemic and metabolic dis-
orders that could adversely affect the cardiac functions and 
particular contraindications for contrast-enhanced magnetic 
resonance. The study protocol was approved by the institu-
tional ethics committee of our hospital and the Ministry of 
Health. All procedures were conducted consistently with the 
Declaration of Helsinki. All the patients provided written 
informed consent.

The baseline clinical and demographic characteristics 
of the patients were gathered from the hospital’s medical 
database. All the participants underwent venous blood sam-
pling after admission to cardiology outpatient clinics. The 
local laboratory cut-off value for high-sensitivity troponin-T 
(hsTnT) was accepted above the 99th percentile (45 ng/L) 
counted as a significant increase. Left ventricular ejection 

fraction (LVEF) was calculated using the modified Simpson 
method [8].

Cardiac magnetic resonance protocol

CMR examinations were performed on a 1.5 Tesla system 
(Signa Explorer, General Electric, Milwaukee, USA). A 
16-channel body coil was used for data acquisitions. Cine 
balanced steady-state free precession (b-SSFP) images 
were obtained from cardiac base-to-apex as short-axis stack 
images with retrospective electrocardiogram triggering and 
breath holding. The image analysis was made on a remote 
workstation (Advantage Windows, version 4.3, and version 
4.4; GE Medical Systems) with cardiac analysis software 
(ReportCard 2.0; GE Medical Systems). In each patient, end-
diastolic volume (EDV), end-systolic volume (ESV), stroke 
volume and LVEF were calculated, divided by body surface 
area to obtain indexed right ventricle volumes. LGE imaging 
was performed approximately 10 min after administration of 
body weight-appropriate gadobutrol. To evaluate the LGE, 
all short-axis slices from basis to apex were assessed for 
zones of normal myocardium. Scar distribution types were 
then assessed in accordance with the transmural, focal and 
diffuse involvement. All images were analysed by one cardi-
ologist. The study was accepted as positive for myocarditis, 
considering the Lake Louise criteria.

Statistical analysis

All the data were analysed using the SPSS 22.0 Statistical 
Package Program for Windows (SPSS; IBM, Armonk, New 
York, USA). A Kolmogorov–Smirnov test was utilised for 
the assessment of the normality of distribution. Continuous 
variables were presented as mean ± standard deviation and 
median with interquartile ranges and categorical variables 
as the number of patients and percentages. A comparison 
between groups was made with a Student’s t-test for nor-
mally distributed variables and a Mann–Whitney U test for 
variables without normal distribution. Finally, categori-
cal data from both groups were compared using the χ2 or 
Fisher’s exact test. All tests were 2-tailed, and p values less 
than < 0.05 were considered statistically significant.

Results

A total of 64 patients who recently recovered from COVID-19 
infection constituted the study population. The mean (SD) age 
was 41 (14) years, and the majority of the study group (64%) 
were male. Baseline characteristics and blood test results are 
shown in Table 1. No significant difference between the two 
groups regarding age and co‐morbidities such as hyperten-
sion, diabetes, hypercholesterolemia, known coronary artery 
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disease, smoking and chronic obstructive pulmonary dis-
ease or asthma was noted. There were no differences in sys-
tolic, diastolic blood pressure values and heart rate between 
the groups. Patients with cardiac involvement had higher 
C-reactive protein (CRP) compared with no-cardiac involve-
ment group (p = . 048). There were no significant differences 
regarding hsTnT and N terminal pro–b-type natriuretic pep-
tide between groups. Nine patients (14.1%) had significantly 
elevated hsTnT (> 45 pg/mL).

The most common complaint was chest pain (n = 43). In 
this study, none of the patients received mechanical ven-
tilation or non-invasive ventilation with positive airway 
pressure. There is no significant difference between groups 
about COVID-19 treatment protocol including favipiravir, 

hydroxychloroquine, glucocorticoid and azithromycin 
(Table 2).

A total of 46 patients who recently recovered from 
COVID- 19 diseases had abnormal CMR findings such as 
myocardial LGE or pericardial enhancement (Table 3). The 
LVEF values (p = 0.008) and stroke volume (p = 0.029) were 
significantly lower in the cardiac involvement group. There 
were no differences in EDV, ESV and tricuspid annular 
plane systolic excursion values among groups. In particu-
lar, in these patients, the late gadolinium enhancement was 
commonly located in the left ventricle’s inferior (58%) and 
lateral (39.1%) walls. Pericardial effusion was detected in 7 
patients, but none was greater ≥ 10 mm. The median time 
interval between COVID-19 diagnosis and CMR was 71 

Table 1   Baseline characteristics 
and blood test results

Continuous data are presented as mean ± standard deviation, or median (interquartile range)
COVID-19 coronavirus disease 2019, CAD coronary artery disease, COPD chronic obstructive pulmonary 
disease, CRP C-reactive protein, hsTnT high-sensitivity troponin T, NT-pro BNP N-terminal pro–b-type 
natriuretic peptide

All (n: 64) Cardiac involvement 
( −) (n: 18)

Cardiac involvement ( +)
(n: 46)

p-value

Age 41.4 ± 14.63 43.33 ± 16.05 40.62 ± 14.14 .511
Male, n (%) 41 (64.1) 11 (61.1) 30 (65.2) .758
Hypertension, n (%) 9 (14.1) 2 (11.1) 7 (15.2) .671
Diabetes, n (%) 6 (9.4) 1 (5.6) 5 (10.9) .512
Hypercholesterolemia, n (%) 5 (7.8) 1 (5.6) 4 (8.7) .674
Known CAD, n (%) 6 (9.4) 1 (5.6) 5 (10.9) .512
Smoking, n (%) 10 (15.6) 2 (11.1) 8 (17.4) .534
COPD or asthma, n (%) 6 (9.4) 1 (5.6) 5 (10.9) .512
Systolic blood pressure, mmHg 120 (100–160) 120 (110–160) 120 (100–140) .855
Diastolic blood pressure, mmHg 70 (60–100) 80 (60–100) 70 (60–90) .107
Heart rate, beats per min 78 (56–118) 78,5 (65–87) 78 (56–118) .654
CRP, mg/dL 5 (1–211) 2.5 (1–17) 5 (1–211) .048
hsTnT, ng/L 2.5 (2–254) 2.5 (2.5–73) 2.5 (2–254) .521
Significant elevated hsTnT 

(≥ 45 ng/L), n (%)
9 (14.1) 1 (5.6) 8 (17.4) .221

NT-pro BNP, ng/L 35 (35–4681) 35 (35–315) 35 (35–4681) .166

Table 2   Presenting symptoms 
and treatment of management 
COVİD-19

COVID-19 coronavirus disease 2019

All (n: 64) Cardiac involvement 
( −) (n: 18)

Cardiac involvement 
( +)
(n: 46)

p-value

Presenting symptoms
Chest pain, n (%) 43 (67.1) 14 (22.2) 29 (37.0) .259
Shortness of breath/dyspnea, n (%) 24 (37.5) 6 (33.3) 18 (39.1) .667
Management of COVİD-19
Favipiravir, n (%) 51 (79.6) 17 (94.4) 34 (73.9) .089
Hydroxychloroquine, n (%) 48 (75) 15 (83.3) 33 (71.7) .336
Glucocorticoids, n (%) 2 (3.125) 1 (5.6) 1 (2.2) .485
Azithromycin, n (%) 10 (15.6) 2 (11.1) 8 (17.4) .534
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(17–209) days. In the cardiac involvement, the patients were 
observed to have reduced LVEF as an echocardiographic 
finding (p = . 003).

Discussion

A total of 64 patients of which were mildly symptomatic 
and recovered at home from COVID-19 were included 
in this study. A total of 46 patients (71%) were detected 
to have cardiac involvement, according to CMR imaging 
irrespective of pre-existing conditions, presenting cardiac 
symptoms or the severity and overall course of the COVID-
19 presentation. The patients with cardiac involvement had 
mildly reduced LVEF and left ventricular stroke volume 
compared to those without cardiac involvement. Although 
LVEF as echocardiogram finding was within normal val-
ues in both groups, the patients with cardiac involvement 
were observed to have reduced LVEF with unclear clinical 
significance.

It has been known that myocardial damage occurs in 
20–30% of patients admitted to hospital for COVID-19 [9]. 
In COVID-19, numerous mechanisms affect the cardiovas-
cular system and caused cardiac hemodynamic disorders 
[10, 11]. Likely mechanisms by which COVID-19 leads 

to cardiovascular damage include direct myocardial injury 
resulting from the inflammatory cascade or cytokine release, 
microvascular damage and supply/demand imbalance [12]. 
Increased sympathetic stimulation has increased myocardial 
oxygen consumption, and hypoxia has decreased myocardial 
oxygen delivery [11]. A small number of post-mortem car-
diac biopsy examinations have been shown several intersti-
tial mononuclear inflammatory cell infiltrations in myocar-
dial tissue, macroscopically cardiomegaly, enlargement of 
right heart chambers, microscopically in myocardial tissue 
distributed, small areas of myocyte necrosis, lymphocyte 
infiltration and myocardial oedema [13, 14].

CMR provides detailed tissue characterisation, includ-
ing necrosis, scar, hyperaemia, contractile dysfunction, dif-
fuse fibrosis and oedema [15]. The LGE in the zones with 
increased contrast agent uptake indicates regional dam-
age due to myocardial inflammation. Non-ischemic states 
of myocardial LGE are mainly observed in patients with 
myocarditis and have been strongly associated with poor 
outcomes [16]. The presence of pericardial effusion, fibrosis 
or oedema may be found secondary to ongoing pericardi-
tis [7]. It has been known that increased native T1 and T2 
measures indicated myocardial fibrosis and oedema [17]. 
A retrospective multi-centre cohort study of approximately 
3000 patients reported that myocardial injury was often mild 

Table 3   Cardiac magnetic 
resonance imaging and 
echocardiogram findings

Continuous data are presented as mean ± standard deviation, or median (interquartile range)
COVID-19 coronavirus disease 2019, LVEF left ventricular ejection fraction, EDV end-diastolic volume, 
ESV end-systolic volume, TAPSE tricuspid annular plane systolic excursion, LGE late gadolinium enhance-
ment, CMR cardiac magnetic resonance

Cardiac involvement 
( −) (n: 18)

Cardiac involvement ( +)
(n: 46)

p-value

CMR findings
LVEF 67 (58–76) 62 (30–72) .008
Stroke volume 73.56 ± 18.87 64.67 ± 17.08 .029
EDV (mL) 112.06 ± 26.47 107.72 ± 28.40 .861
ESV (mL) 33.5 (24–62) 41 (17–107) .059
TAPSE (mm) 22.5 (20–26) 23 (15–27) .539
LGE, n (%) - 46
LGE segment
*Anterior 7 (15.2)
*Lateral 18 (39.1)
*Posterior 15 (32.6)
*İnferior 27 (58.6)
*Septum 6 (13)
*Pericardial 11 (23.9)
Pericardial effusion 7 (15.2)
The median time interval between 

COVID-19 diagnosis and CMR
71 (17–209) 66 (17–150) 69 (20–209)

Echocardiogram findings
LVEF 62 (60–65) 60 (35–65) .003
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and common among patients hospitalised with COVID-19 
and was associated with a low-level elevation in troponin 
concentration [12].

Cardiac involvement among symptomatic, hospitalised 
patients with COVID-19 is known to occur in over half, and 
LGE in nearly one-third of all patients [18], but its prevalence 
is unclear in home-based recovered COVİD-19 patients. 
Puntmann et al. demonstrated that in a total of 100 patients 
of COVID 19 assessed by CMR, 78% of the patients had an 
abnormal finding in CMR and one-third required hospitalisa-
tion, while the rest recovered at home [7].

This study provides important insights into the prevalence 
of cardiac involvement in patients with home-based recov-
ery from COVID-19. Our results demonstrated that cardiac 
involvement was prevalent in patients with home-based 
recovery from COVID-19. Previously, it has been reported 
that sudden cardiac death likely occurred in non-hospitalised 
patients with mild symptoms who were in home quarantine 
[19]. These sudden deaths have demonstrated the need for data 
about the cardiac involvement of COVID-19. In our study, we 
observed an increased contrast agent uptake despite normal 
systolic parameters measured by CMR and conventional echo-
cardiography. It has been known that LGE, which reflects lim-
ited myocyte necrosis, has been demonstrated less frequently 
in these patients [20]. Even so, 70% of patients in the study 
cohort were observed to have LGE. This result was concord-
ant with early case reports in hospitalised patients showing a 
frequent presence of LGE [21].

In previous case reports, patients with COVID-19-associated 
myocarditis were detected to have diffused myocardial wall 
oedema and reduced LVEF in the CMR [21, 22]. On the con-
trary, the CMR results of our patients had demonstrated mainly 
focal myocardial oedema and mostly normal left ventricular 
function and volumes. This indicates that there may be wide-
spread myocardial involvement without high hsTnT values or 
severe clinical symptoms.

This study was significant because it has provided 
knowledge about the prevalence of cardiac involvement in 
mildly symptomatic COVID-19 patients. Our results indi-
cate considerable awareness of the prevalence of cardiac 
involvement irrespective of troponin values. Increased 
troponin levels in COVID-19 disease may reflect the 
severity of the disease rather than cardiac involvement. 
We consider that most patients had cardiac involvement, 
regardless of the severity and overall course of the acute 
disease.

Our findings support that patients with mild sympto-
matic COVID-19 infection may have subclinical cardiac 
involvement.

Our study has limitations. Myocardial T1 and T2 mapping 
could not be performed, so using other imaging protocols or 
sequence parameters may provide different results.

Conclusion

This study provides important insights into the prevalence of 
cardiac involvement in patients with home-based recovery 
from COVID-19. Our results indicate considerable aware-
ness of the prevalence of cardiac involvement. Furthermore, 
these insights show the need for ongoing investigation of the 
long-term cardiovascular outcomes of COVID-19.
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