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Abstract: The aim of the study is to evaluate the use of new technologies in diagnostic imaging of heart diseases and 
in modeling heart’s structure. Imaging is the key to assessing details of heart disease in modern cardiology. 

Materials and Methods:  The study was conducted from January 2011 to December 2011 in Poland, at the Department 
of Cardiology, Regional Hospital of Louis Rydygier in Torun. Patients underwent transthoracic imaging using 
echocardiography, angiography with angioplasties and coronary angiography. All data were statistically analyzed using 
the Wilcoxon test.  

Results: Imaging is essential for decision-making and treatment planning by cardiologists. The idea of developing 
medical computer system in cardiology is not to delegate the diagnosis to a machine, but rather that a machine 
algorithm acts as a support to the cardiologist and point out locations of defects. Computerized systems give new 
possibilities of imaging in cardiological practices. The drawbacks at present are that there exist a limited selection of 
software for cardiologists. The staff (health care managers) are also reluctant to implement computerized systems, 
mainly because of the cost of such systems.  
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Introduction:  
 

The health care delivery system has been 
promoted and shaped by technology advances. 
Technology also creates new possibilities of 
medical diagnoses by expanding the range of 
possibilities of imaging. Electrocardiography and 
echocardiography allowed the characterization and 
classification of multiple cardiac conditions, 
including atrial fibrillation, 
heart blocks, and mitral valve prolapse. Before 
these diagnostic tools were available, life 
threatening coronary artery compromise and silent 
myocardial infarctions often went undetected. The 
promoting technology application in medical care 
were four indicators that demonstrated 
inefficiencies in that care. There were: uncertainty, 
variability, error, and quality 
problems. These are eloquent indicators of inherent 
problems in medical practice. Such inefficiencies 
are catalyzing an intellectual revolution in medical 
practice away from the narrow application of raw 
clinical judgment and qualitative reasoning to a 
more scientific and quantitative mode of practice 
[1,2,3]. This new approach will further cement 

health care delivery's dependence on technology 
through information systems.  

 
 
 
 
 
 
Materials and Methods:   
 

 This research was conducted in public 
surgery clinics in Poland. The research described 
here was conducted in six healthcare units of 
Kujavian-Pomeranian province.  
The study was conducted from January 2011 to 
December 2011 in Poland, at the Department of 
Cardiology, at Regional Hospital of Louis Rydygier 
in Torun . The analysis included only patients 
referred urgently (on admission) and classified for 
invasive diagnostics mode. These criteria are 
fulfilled for 450 patients. For these patients 
demographic data, date and time of occurrence of 
chest pain, time of admission, coronary 
angiography / angioplasty diagnostic were also 
collected. Patients underwent transthoracic 
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imaging using echocardiography and coronary 
angiography with or without coronary angioplasty. 
Data were statistically analyzed using the Wilcoxon 
test. 
 
 
Results:  

Short Patients met the criteria for invasive 
diagnostics mode were divide into 3 groups: 
- Group (T) – 140 patients whose prior to the 
adoption was transmitted ECG; 
- Group (N) -270 patients whose prior to the 
adoption was not transmitted ECG; 
- Group (M) – 40 patients who were executed 
before the adoption of ECG but has not been 
transmitted (figure 1)  

Figure 1. The Initial Diagnosis in each group 
studied p < 0.0001 
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Imaging is the key to assessing details of heart 
diseases and to studying the lesions and 
dysfunction of heart. Imaging models are based on 
reconstruction techniques of echocardiographic or 
computed tomographic data sets. Thus, imaging is 
essential for decision-making and treatment 
planning by cardiologists. Although, the study 
indicates that unnecessary cardiac involvement 
workshop was particularly frequent in the 

treatment of women (who often there was no 
culprit lesion or significant changes in the coronary 
arteries), patients with a new block left bundle 
branch block and after having a heart attack or 
coronary artery bypass grafting (CABG). Such a 
situation occurred in 1 of 10 patients referred for 
imaging studies. In the analysis undertaken, this 
number represents 27.56% of the total patients 
(PCI/CBAG) (table I). 

 

 

 

Table I  Imaging of heart diseases and procedures 

 Sum 

Group 
M 

N=40 

Group 
N 

N=270 

Group 
T 

N=140 

P 
<0.0001 

Imaging of heart diseases and procedures 

KORO  

 

10 
25,00% 

87 
32,2% 

27 
19,29% 

 

127 
27,56%
M vs N 
vs T: 

NS 

 

It is 27.56% of all patients participated in the 
survey, and participating in the coronary.  Also in 
group T for which the earlier recording was made 
ECG transmission was less unnecessary activation 
of the catheterization laboratory. Also the duration 
of chest pain and door to balloon time were the 
shortest in the group T. The time admission to 
hospital and  start coronary angiography means 
average 35 minutes and  the time admission to the 
hospital and start coronary angioplasty means 
average 45 minutes in this group (T). Transthoracic 
imaging gives a shorter time to initiation of 
treatment, the reduction in infarct size, improved 
outcomes, shorter hospital stay and lower hospital 
costs. 
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Demographic data: 
 
Place of living: Golub Dobrzyń, Brodnica, Toruń – 
241 patients (Toruń area) 
 
Wąbrzeźno, Chełmża, Grudziądz, Chełmno – 207 
patients (Grudziądz area) 
 
Lipno, Włocławek – 2 patients (Włocławek area). 
 
Gender: Male: 39% Female: 61% 
Age: 46-69 (Average - 57,5) 
 
Patients from the region of Toruń and Grudziądz 
represent the largest proportion of the patients 
participating in study and average age of 
participants was 57,5 years. Also more frequent 
imagining of heart diseases was treated women. 
 
 

 Discussion 

Imaging is the key to assessing details of 
heart diseases and to studying the lesions and 
dysfunction of heart and mitral valve according to 
Carpentier [4]. Imaging models are based on 
reconstruction techniques of echocardiographic or 
computed tomographic data sets. Imaging enables 
assessment of correct and incorrect mitral valve 
function, especially morphological and dynamic 
basics throughout the cardiac cycle [4,5]. Thus, 
imaging is essential for decision making and 
treatment planning by cardiologists. While 
multiple modalities exist to assess mitral valve, 
transthoracic echocardiography (TTE) represents 
the standard technique to study heart disease and 
mitral valve [5]. Especially with current advances 
of 3-dimensional (3D) echocardiography in 
combination with multi-detector row computed 
tomography (MDCT) and cardiac magnetic 
resonance (CMR), characterization and 
quantification of the mitral valve apparatus and its 
functional complexity has improved significantly 
during last years [6,7,8]. Most recently, geometrical 
and biomechanical models for analysis of mitral 
valve are undergoing very early clinical evaluation 
[9,10,11,12], using modern imaging methods. As a 
result, percentage of defects detected in the early 
stages of the disease has increased significantly. 
Automated distinction of medical images is 

therefore an important preprocessing in Computer-
Aided Diagnosis (CAD) systems. Preprocessing of 
images is essential for reducing the complexity and 
computation time of the computer aided diagnosis 
algorithms. The automated clinical decision 
support system is a software program 
implemented with the goal of reducing medical 
errors and of support medical treatment. The 
software program makes suggestions in the course 
of diagnosis when patient data are entered into the 
system. The underlying idea of developing medical 
computer system in cardiology is not to delegate 
the diagnosis to a machine, but rather that a 
machine algorithm acts as a support to the 
cardiologist and points out locations of suspicious 
objects (defects). By the same, token the overall 
sensitivity of computer's systems increases the 
detection rate of diseases and contributes to better 
diagnostics and less medical errors. Generally, 
computer aided diagnosis systems should meet the 
following objectives: 
- integrated analysis of cardiac failure using the 
computer aided diagnostic results in an improved 
diagnostic performance, 
- improving the quality and accuracy of diagnosis, 
- increasing therapy success by early detection of 
heart failure and fatigue of mitral valve, 
- reducing cardiologist’s interpretation time. 

This systems are useful because they support the 
doctor’s work, but the problem is with the cost of 
the new technology use in cardiology. Hospital 
managers do not accept the additional expenses 
related to the financing of the treatment using new 
technology. Given the complexity of modern 
medicine, it is unlikely that quality can be 
meaningfully improved without creatively 
applying the powerful capabilities of technological 
systems, and accepting the additional costs of 
treatment resulting from technological 
developments and computer aided diagnosis in 
modern cardiology. Medical information 
technology is the science of using system-analytic 
tools to develop procedures for management, 
process control, decision making and scientific 
analysis of medical knowledge. Medical 
information technology has been making rapid 
progress, keeping pace with internet and 
multimedia technology which have shown 
enormous growth over the recent years [13]. Since 
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the quality of the images in diagnostic imaging 
depends on patients and CT imaging sequences, 
there is much variability in the pixel value range, 
noise level and background level and also personal 
skill to use technology. Therefore, the 
normalization of pixel values, some smoothing 
filters for reducing noise, background correction, 
etc., should be performed prior to input into the 
feature extraction [14], because the bad quality of 
images increases probabilities of medical errors. 
However, applying all those software corrective 
features allows for better and clearer according 
reading and analysis of the medical 
documentation. In the recent years computer aided 
diagnosis (CAD) has become one of the major 
research topics in medical imaging, and has been 
applied to various medical imaging modalities 
including computed tomography (CT), magnetic 
resonance imaging (MRI), ultrasound imaging, and 
also nuclear medicine [15,16,17,18]. One of the most 
important applications of computer aided 
diagnosis is the detection and characterization of 
heart diseases, as they are the leading cause of 
deaths and diseases in civilizations throughout the 
world. In fact, the total number of deaths caused by 
heart attach is greater than that resulting from 
other diseases such as: colon, breast, and prostate 
cancers combined [19]. Survival from heart attach is 
directly related to how quickly the attach is 
detected and diagnosed. The earlier the detection 
of many of heart diseases is, the higher the chances 
of successful treatment are. Although 
cardiovascular surgery, has been used in the 
treatment of heart diseases, the five-year survival 
rate for all stages combined is only 25%. This 
tendency has not changed in the past three decades 
[20]. Studies show that case interpretation time is 
10-40 minutes, even with expert cardiologist and 
abdominal radiologists [21]. Thus, the current need 
of the market is to substantially reduce the 
interpretation time before ultrasound imaging, 
angiography and other procedures can make the 
transition from research to routine clinical practice, 
especially as a screening tool. Hence, it can be 
visualized that this area of medical informatics has 
great research potential and excessive research is 
needed, but sometimes meet difficulties because of 
the cost of implementation of this new technology 
in hospital practices. We must also remember that 
the creation of computer models and imaging of 

the heart muscle in cardiovascular and cardiology 
medicine requires close collaboration between 
physicians, computer scientists and engineers. In 
cardiovascular and cardiology medicine one can 
distinguish between different types of 
computational models such as geometric models, 
biomechanical models and multi-scale generic 
models. All models are based on the reconstruction 
of the image of actual anatomic structure and are 
developed to fulfill very special requirements. Past 
studies have shown that these models are suitable 
for the description of complex morphological and 
biomechanical changes of the heart and great 
vessels. Computational models were used for 
accurate analysis of left and right ventricular 
contraction, flow simulation through artificial heart 
valves or shear stress analysis of the aorta with 
aortic aneurysms [22,23,24,25,26,27]. Exact 
modeling of mitral valve function has not been 
realized in the past due to the lack of imaging 
techniques that enable detection of the 3D 
structures and their respective function. With the 
development of real-time 3D echocardiography 
and 4 - dimensional computed tomography 
(4DCT), however, the technical capabilities have 
been introduced to create substantial and well-
defined heart images and mitral valve models with 
a high probability for implementation into clinical 
practice (10). Within the technological advances the 
quality of diagnosis can be meaningfully improved, 
but without creatively applying the powerful 
capabilities of computer systems in medical 
practice it will not be possible [1,28,29,30]. 

Conclusion 

The results of this study indicate, that the complex 
structure of the cardiac cycle can be analyzed with 
different types of computational models and 
imaging systems. These represent substantial 
progress in the diagnosis of structural heart 
disease. Also, modeling will contribute to a deeper 
understanding of how the computer aid system 
helps the doctors in their daily work and improves 
the comfort of patient’s life. Computerized systems 
give new possibilities to cardiologist practices, but 
there exist a limited selection of software for 
cardiologists. As it was noted before, the health 
care managers are not eager to implement 
computerized systems, mainly because of the cost 
of these systems. 
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