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Introduction
The Coronavirus Disease 2019 (COVID-19) is an acute disease 

that is transmitted mainly via droplets and primarily affects the 
respiratory system. Symptoms in most patients are mild, however 
the disease can lead to acute respiratory distress syndrome, shock 
and multiple organ failure in some patients. After the Severe Acute 
Respiratory Syndrome Coronavirus 2 (SARS-CoV-2) enters the 
body, it becomes active by binding to ACE2 receptors on the cell 
membrane. The ACE2 receptor is expressed the most in type I and 
type II pneumocytes and constitutes the main route of entry of the 
virus. In addition to pneumocytes, ACE2 receptors are found on 
heart, intestine, kidney, epithelium and vascular endothelium cells 

[1,2].

As a part of the systemic inflammatory response in severe 
COVID-19 infections, damage may arise in multiple organs, 
such as heart, kidney, brain and liver. Research has found that 
proinflammatory cytokine levels increase in patients with severe 
COVID-19 infections, which has been regarded as the cause of such 
organ damage. Furthermore, it has been shown that patients with 
histories of hypertension (HT), coronary artery disease, heart 
failure and other cardiovascular diseases are more vulnerable to 
COVID-19 infections and that disease progression is more severe 
in these patients. Moreover, some studies have indicated that SARS-
CoV-2 causes myocardial cell damage directly [1,4].
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Aim: In this study, we aimed to investigate cardiac involvement in patients diagnosed 
with the new Coronavirus Disease 2019 (COVID-19).

Methods: Patients diagnosed with COVID-19 pneumonia in the emergency 
department were included in this retrospective study. Patients diagnosed with COVID-19 
pneumonia were included in Group 1 and healthy individuals (as control group) were 
included in Group 2.CCT images were transferred to the Intrasense Myrian® software. 
Total cardiac volume (TCV) was measured in three-dimensional images. Obtained 
parameters were compared between groups

Results: Total cardiac volume was 525.35±29.96 cm3 (min:244cm3 - max:1545cm3) 
in Group 1 and 369.64±10.41cm3 (min:229cm3 - max:522cm3) in Group 2 (P=0.000). In 
Group 1 patients, levels of D-dimer, C-reactive protein (CRP) and high sensitivity troponin 
I (hs-TnI) were 391.00 (6.00-6450) µg/L, 3.50 (0.10-30.40) mg/dL and 4.41 (1.00-
3627.00) ng/mL, respectively, whereas those in Group 2 were 112.50 (3.00-767.00) 
µg/L, 0.20 (0.10-19.30) mg/dL and 2.50 (2.30-36.02) ng/mL, respectively (P<0.05). 

Conclusion: Total cardiac volume increases in patients that develop pneumonia due 
to COVID-19 infection. D-dimer, CRP and hs-TnI levels also increase with TCV.
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In COVID-19 cases, laboratory tests may indicate hypoxemia, 
anemia, lymphopenia, thrombocytopenia, abnormal kidney 
and liver function, and high levels of creatine kinase, lactate 
dehydrogenase and D-dimer. Increased levels of inflammatory 
markers such as serum ferritin and C-reactive protein (CRP) 
are observed. COVID-19 patients with cardiac involvement may 
have high levels of troponin and brain natriuretic peptide (BNP). 
Therefore, these parameters should be investigated in cases of 
suspected cardiac involvement [5-7]. 

Chest X-ray and chest computed tomography (CCT) scans 
are used for imaging COVID-19 pneumonia. The most frequent 
findings on CCT scans are ground-glass opacities with typical 
peripheral distribution in lungs [8]. In addition to laboratory 
tests, transthoracic echocardiography (TTE), transoesophageal 
echocardiography (TEE), point-of-care ultrasonography (POCUS) 
and magnetic resonance imaging (MRI) are used for identifying 
cardiac involvement. However, especially TTE and MRI involve 
physical contact between patients and healthcare personnel, and 
contact times are long. Therefore, unnecessary imaging should 
be avoided, as these cause undesired exposure of healthcare 
personnel, which may augment disease burden. Alternative imaging 
methods, such as TTE or CCT, are recommended for investigating 
cardiac involvement [9-12]. In cases of various diseases and in 
healthy individuals, volumes of organs and/or masses are routinely 
estimated from computed tomography (CT) scans using software 
tools. Volume measurements can also be made by utilizing other 
imaging methods, such as MRI and ultrasonography [13-16]. In this 
study, we aimed to investigate cardiac involvement and changes in 
patients diagnosed with COVID-19.

Methods
This retrospective study was conducted after the approval of 

Alanya Alaaddin Keykubat University Faculty of Medicine Ethics 
Committee (2020/19-31). Patients who visited the emergency 
department between 01.05.2020 and 15.08.2020 with complaints 
of cough, fever and shortness of breath, who were diagnosed with 
COVID-19, whose CCT scans were taken and who were 18 or older 
were included the study. Diagnoses of COVID-19 of the patients 
were confirmed with reverse transcriptase polymerase chain 
reaction (PCR) tests, which were performed on nasopharyngeal 
swab samples. The control group was formed from patients that 
were referred to CCT imaging from the cardiovascular surgery 
outpatient clinic for any reason, whose CCT scans were interpreted 
as normal. Patient information was obtained from hospital’s 
automation system and patient files. A standard data collection 
form was created for the study. File number, age (in years), gender, 
initial complaints, examination findings, laboratory results, CCT 
reports, ward of hospital stay and clinical outcomes of the patients 
were recorded on these forms. Formal reports in the hospital 
automation system were used for interpretation of the CCT images 
of the patients that were included the study. Patients diagnosed 

with COVID-19 pneumonia were included in Group 1, while patients 
in the control group were included in Group 2. Patients whose CCT 
scans revealed findings other than viral pneumonia (cist, mass, 
edema, bacterial pneumonia, pneumothorax, hydrothorax, pleural 
effusion, pericardial effusion, etc.) were excluded from the study. 
Also, patients whose CCT scans could not be taken or were taken at 
another facility, those that were not tested with PCR, those younger 
than 18, and those with unavailable information were excluded 
from the study.

Biochemical Analysis

D-dimer levels were measured using an ACL TOP 500 
(Instrumentation Laboratory, Munich, Germany). CRP levels were 
measured using an Abbott Architect C800. Troponin I (hs-TnI) were 
measured using a Siemens Advia Centaur XPT. Hemograms were 
performed using a Sysmex XN100. The reference ranges reported 
in healthy adults were as follows: 0-0.5 mg/dL for CRP, 0-240µg/
dL for D-dimer, 1.26-3.35 10^3/µL for lymphocyte count and 
0-46.47ng/mL for high sensitivity troponin I (hs-TnI).

Chest Computed Tomography Imaging 

CCT scans were obtained from hospital’s automation system. 
A multi-slice computed tomography scanner (TOSHIBA Alexion 
16 slice) was used for CCT imaging in the emergency service. CCT 
images on the hospital automation system were transferred to 
the Intrasense Myrian® (Myrian; Intrasense, Montpellier, France) 
software and 3D models of the data were recreated. Anatomical 
features of patients were defined on this application. Cardiac 
sections were colored to form 3D images and Total Cardiac Volume 
(TCV) were measured afterwards, which were carried out by an 
academic of anatomy. The resulting data were recorded on the data 
collection form (Figures 1&2). 

Statistical Analysis

Statistical analysis: In this study, normal distribution for 
continuous data was tested with skewness-kurtosis, histogram, Q-Q 
graphs, and standard deviation/mean and Kolmogorov Smirnov 
tests. Normally distributed continuous data were shown as mean 
± standard error (MEAN±SEM), and t-test was used comparison 
of two independent groups. The data that were not distributed 
normally were shown as the median (minimum-maximum) and 
the Mann Whitney U test was applied in independent pairwise 
comparisons. Yates chi-square test was used in the frequency 
analysis of noncontinuous categorical variables. By utilizing 
receiver operating characteristic (ROC) analysis, the area under the 
curve (AUC) with lower and upper bound was used to calculate the 
cut-off value, specificity, sensitivity. In order to make COVID positive 
predictive analysis with serum d-dimer, CRP, LYM, troponin values, 
the cut-off values obtained in the ROC analysis were categorized 
and the variables were categorized, and multiple binary regression 
analysis was performed. Nagelkerke’s R2 determination coefficient 
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was used to evaluate the predictive ability of the model. In statistical 
analysis, α = 0.05 was accepted and statistically significant for p <α. 

In this study, statistical analysis was applied with IBM SPSS 23.00 
package program.

Figure 1: A 55-year-old male patient was admitted to the emergency department with complaints of cough and fever. The 
patient’s reverse transcriptase polymerase chain reaction (PCR) test was positive. He was hospitalized in the intensive care unit 
with the diagnosis of COVID-19 pneumonia. Total heart volume measured using Intrasense Myrian® software was calculated 
as 460cm3 (Group 1).

Figure 2: A 57-year-old male patient visited the cardiovascular surgery clinic with a complaint of chest pain. Total heart 
volume measured using Intrasense Myrian® software was calculated as 305 cm3 (Group 2)
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Results
A total of 57 patients were included in Group 1. The control 

group (group 2) consisted of 50 healthy individuals. Patients in 
Group 1 and 2 were not significantly different in terms of gender, 
or concomitant medical conditions (Table 1). However, the average 
age of patients with COVID-19 was found as than healthy people.

Group 1 patients had higher levels of TCV, hs-TnI, D-dimer and CRP, 
and lower lymphocyte counts compared to Group 2 patients. In 
contrast lower lung volumes were detected in patient group (group 
1) when compared with healthy individuals (group 2). We found 
that TCV 42% higher in Group when compared with Group 2. The 
comparisons of parameters between two groups are summarized 
in Table 2.  

Table 1: Characteristics of Study Patients.

Group 2 Group 1 n p

Age* y.o. 51.26±2.11 60.28±2.84 107 0.014

Gender Male 28 31 59 1.000

Female 22 26 48

Diabetes - 40 47 87 0.939

+ 10 10 20

Hypertension - 40 44 84 0.907

+ 10 13 23

Coronary Artery Disease - 41 41 82 0.318

+ 9 16 25

Chronic Obstructive Pulmonary Disease - 43 47 90 0.814

+ 7 10 17

* The difference between groups is statistically significant at 95% confidence interval (p<0.05).

Table 2: Comparison of Laboratory Results and Chest Computed Tomography Calculations.

Variable Group 2 Group 1 Sig. (p)

Albumin 3.62±0.10 3.66±0.06 0.754

Neutrophils

(10^3/µL)
4.30±0.24 4.90±0.25 0.091

Platelet

(10^3/µL)
230.94±8.61 260.29±13.05 0.064

D-dimer*

(µg/L)
112.50 (3.00-767.00) 391.00 (6.00-6450) 0.000

CRP*

(mg/dL)
0.20 (0.10-19.30) 3.50 (0.10-30.40) 0.000

Fibrinogen

(mg/dL)
333.50 (193.00-686.00) 340.00 (10.00-832.00) 0.893

White Blood Cell (10^3/µL) 7.59 (3.22-14.89) 7.45 (2.60-24.93) 0.827

Lymphocyte*

(10^3/µL)
2.36 (0.92-5.42) 1.52 (0.21-8.07) 0.000

Monocyte 0.67 (0.35-1.08) 0.61 (0.22-2.13) 0.380

Basophile**

(10^3/µL)
0.04 (0.02-0.11) 0.03 (0.00-0.12) 0.005

Eosinophil**

(10^3/µL)
0.14 (0.00-1.01) 0.04 (0.00-15.18) 0.005
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Troponin** (high sensitivity troponin)

(ng/mL)
2.50 (2.30-36.02) 4.41 (1.00-3627.00) 0.001

Right Lung* 2483.76±71.20 1836.26±80.66 0.000

Left Lung* 2184.72±66.76 1629.71±70.68 0.000

Total Cardiac Volume* 369.64±10.41 525.35±29.96 0.000

Parametric data’s were shown as Mean ± Standard error (SEM) and Student T test was used for comparisons of two independent groups.

Nonparametric data’s were shown as Median (Minimum-Maximum) and Man-Whitney U test was used for comparisons of two independent groups.

*The difference between groups is statistically significant at 99.9% confidence (p<0.001)

**The difference between groups is statistically significant at 99% confidence (p<0.01)

Table 3: Multiple binary logistic regression analysis.

B S.E. Wald df Sig. Exp(B)
95% C.I.for EXP(B)

Lower Upper

D-dimer (ref: 
up to 295) 295 

or higher
3.1 0.746 17.283 1 0 22.195 5.147 95.709

CRP (ref: up to 
0.95) 0.95 or 

higher
1.921 0.615 9.755 1 0.002 6.829 2.045 22.797

LYM (ref: 2.14 
or higher)

Lower or 2.14
1.883 0.623 9.138 1 0.003 6.573 1.939 22.282

Troponin (ref: 
up to 3.185) 

3.185 or 
higher

1.196 0.643 3.457 1 0.063 3.307 0.937 11.669

Constant -3.102 0.632 24.068 1 0 0.045

Model Summary

Step -2 Log likelihood Cox & Snell R Square Nagelkerke R Square Step

1 73.108a 0.503 0.671 1 a. The cut value is ,500

Classification Table

Observed                                                           Predicted

Step 1 State   
Control

Patient

Overall 
Percentage

State Control

Control Patient 90

45

12

5

45

78.9

84.1

We studied D-dimer, CRP, LYM and troponin parameters binary 
logistic regression model. In multiple binary logistic regression 
analysis D-dimer is found as the most meaningful blood parameter 
for identifying COVID-19 patients (Table 3). Nagelkerke’s R2 
determination coefficient was used to evaluate the predictive ability 
of the model. This model predicts of patient 78.9% and outpatient 
90% correctly (Table 3). The Nagelkerke’s R2 value explains 84.1% 
whether the patients or not (Table 3). 

In ROC curve analyze D-dimer was found most sensitive and 
specific laboratory marker for COVID-19 with the 295µg/L cut-
off value (78.9% sensitivity, specificity 76% specificity). The ROC 
curve analyze of D-dimer, CRP, LYM, and Troponin presented in 
Table 4, Figure 3).

Discussion
While COVID-19 infection primarily affects the respiratory 

system, major cardiac complications have been reported, especially 
in patients with pneumonia [7]. Fatal cardiovascular complications 
that develop in such patients can be acute myocardial infarction, 
myocarditis, arrhythmia, heart failure, cardiomyopathy, cardiogenic 
shock and venous thromboembolism [2,17]. Myocardial injury 
in these patients has been attributed to several factors. The 
interaction between SARS-CoV-2 and ACE2 receptors, increased 
cardio metabolic demand, hypoxia, side effects of medication used 
for treatment, electrolyte imbalance, systemic inflammation, and 
plaque rupture due to elevated catecholamine are among these 
factors [2,4,5,7,18]. The most common cardiac pathologies observed 
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on echocardiography (ECHO) images of COVID-19 patients are 
reported as right-ventricular (RV) dilatation and dysfunction, 
left-ventricular (LV) diastolic dysfunction, LV systolic dysfunction, 
and regional or global wall motion abnormalities. Studies have 
attributed RV dilatation to pulmonary hypertension caused by 
pulmonary embolism or acute respiratory distress syndrome. LV 
dysfunction has been associated with embolism in large or small 
blood vessels, and ischemia resulting from prothrombotic state 

[9,19-22]. In our study, TCV was measured on CCT images using the 
Intrasense Myrian® software. A 42% increase in TCV was observed 
in patients with COVID-19 pneumonia compared to the control 
group. This increase in cardiac volume may originate from the right 
or left heart chambers or may be due to myocardial inflammation. 
However, in our study, the right and left heart chambers were not 
measured separately on CCT images; as such, no interpretation 
could be made regarding this issue.

Table 4: ROC Analysis of Laboratory Parameters Predicting High TCV.

Laboratory Parameters

(%)

Cut-off                           Sensitivity                      Specificity

AUC p

95% Confidence Interval

Lower Bound Upper Bound

D-dimer 295 78.9 76 0.846 0.000 0.772 0.921

CRP 0.95 75.4 78 0.797 0.000 0.712 0.883

hs-TnI 3.185 61.4 72 0.687 0.001 0.586 0.788

Lymphocyte 2.14 68.4 74 0.746 0.000 0.652 0.839

AUC: the area under the curve, CRP: C-reactive protein,hs-TnI: high sensitivity troponin I

Figure 3: ROC analysis of laboratory parameters predicting high Total Cardiac Volume.

In patients with cardiac involvement due to COVID-19 infection, 
increase in troponin levels, as well as increase in levels of creatine 
kinase-myocardial band and N-terminal pro-B-type natriuretic 
peptide has been observed. In these studies, increase in troponin 
levels has been reported in the range of 7-21%. These studies have 
also shown that functions of left and right ventricles deteriorate 
as troponin levels rise [21-26]. A negative correlation has been 
found between left ventricular ejection fraction and hs-TnI levels 
[21]. It has been shown that CRP levels also increase in patients 
with cardiac involvement [20,22,27]. Studies have attributed the 
increase in levels of troponin and CRP to acute myocarditis [17,18]. 

In agreement, myocyte necrosis and mononuclear cell infiltration 
have been observed during autopsy of heart muscle samples from 
COVID-19 patients. Nevertheless, mechanism, clinical significance 
and prevalence of myocardial inflammation are yet to be elucidated 
[2]. It has been reported that in addition to inflammation, COVID-19 
infection is complicated with coagulopathy and that the major 
cause of death is disseminated intravascular coagulation. Abnormal 
coagulation parameters, especially D-dimer and fibrin catabolic 
products, have been shown to be significantly elevated in deceased 
patients. In addition to the growing number of papers reporting 
high levels of D-dimer in the literature, gradual increase of D-dimer 
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levels during the progression of COVID-19 has been found to be 
associated with poorer clinical outcomes [28-31]. While high levels 
of D-dimer and CRP have been shown to be related to RV systolic 
dysfunction, no such relation has been found with troponin I [20]. In 
our study, patients with COVID 19 pneumonia had higher CRP and 
D-dimer levels compared to control patients. On the other hand, hs-
TnI levels slightly increased in the patients. Additionally, our results 
supported that by knowing D-dimer, CRP, LYM and troponin levels, 
COVID positive status can be predicted. 

Even though CT, echo and MRI are being used for identifying 
cardiac involvement, these imaging methods are not recommended 
for routine use. When ordering imaging procedures for patients 
with cardiovascular symptoms, and suspected myocardial 
dysfunction, severe arrhythmia, Takotsubo cardiomyopathy or 
myocarditis, troponin levels are taken into consideration [32]. On 
the other hand, levels of cardiac markers may not increase in every 
patient with cardiac involvement. In our study, TCV was found to 
be high in patients with pneumonia. Also, D-dimer, hs-TnI, and CRP 
were higher as well as TCV in COVID-19 patients. 

As far as our knowledge, even higher D-dimer, hs-TnI, CRP, and 
LYM levels were reported in previous reports, our study is the first 
report taken together these parameters with TCV. According to our 
results, the lung capacity of people with COVID-19 has decreased by 
27%. Those with COVID-19 have an average of 42% enlarged heart. 
While D-dimer, CRP and troponin levels increased in the serum 
values of those patients, and reversely the LYM level decreased. 
There was no change in serum fibrinogen, WBC and monocyte 
values of those with COVID-19.

Conclusion
In conclusion, COVID-19 patients may suffer cardiac involvement 

together with pneumonia. TCV increases in patients with cardiac 
involvement. The increase in TCV may be due to dilatation of right 
or left ventricles, or myocardial inflammation. Concurrent with the 
TCV increase, levels of D-dimer, CRP and troponin I also raise in 
these patients. According to our results, it seems possible to exclude 
both COVID-19 and Cardiac involvement in patients without 
D-dimer, troponin and CRP elevations. Nonetheless, further large-
scale studies should be conducted using CT and ECHO imagining, as 
well as laboratory testing in order to investigate COVID-19-related 
cardiac involvement. 
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