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ABSTRACT

This thesis consists of  80 pages, 36 illustrations, 12 tables and 48 sources in the list of references.
Objective was to improve the visualization of anatomy of the heart adapted to the catheter radiofrequency ablation of arrhythmogenic tissues by developing a segmentation algorithm for computed tomography scans, determining the morphological characteristics of the destruction zone, and implementing a method of combining a segmented model with an electro-anatomical card of the heart chamber to improve the safety and efficiency of ablation.
The thesis is executed at the State University "NISSKh them. MM Amosova NAMNU "in the department of treatment of arrhythmias with X-ray surgery. Specialized high-tech medical equipment was used for the objectivity of clinical data obtained and used in the work.
The object of study - clinical and instrumental and programmed methods of visualization of anatomy of the heart for the effective and safe catheter radiofrequency ablation
Subject of study - morphological characteristics of the myocardium and morphometric parameters of the zone of radiofrequency destruction (thickness of the heart wall, location of adjacent anatomical structures, pulmonary veins, esophagus, transmurality of the destruction zone, distance between application points); algorithms for segmentation of anatomical structures in the Ensite Verismo software; combining possibilities in the three-dimensional space of the segmented model and the electro-anatomical card of the chamber of the heart, adapted for further radio-frequency ablation.
The results of the work have been introduced into the clinical practice of three electrophysiological operational SF "NISSK them. MM Amosova NAMNU ".
Key words: radio frequency ablation; computer tomography; segmentation of the heart, pulmonary veins, and esophagus; EnSite Verismo and EnSite NavX software.

РЕФЕРАТ
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Мета роботи – удосконаленнявізуалізаціїанатоміїсерцяадаптовано до катетерноїрадіочастотноїабляціїаритмогенних тканин за рахунокрозробки алгоритму сегментаціїзрізівкомп’ютерноїтомографії, визначенняморфологічних характеристик зонидеструкції та реалізації методики суміщеннясегментованоїмоделі з електро-анатомічною картою камерисерцядля підвищеннябезпеки та ефективностіабляції.
Дипломна робота виконана в ДУ «НІССХ ім. М.М. Амосова НАМНУ» у відділеннілікуванняаритмій з рентген-операційною. Застосовувалисяспеціалізованевисокотехнологічнемедичнеобладнання для об’єктивностіотриманих та використаних в роботіклінічнихданих.
Об’єктдослідження – клініко-інструментальні та програмніметодивізуалізаціїанатоміїсерця для виконанняефективної та безпечноїкатетерноїрадіочастотноїабляції
Предмет дослідження – морфологічні характеристики міокарда та морфометричніпараметризонирадіочастотноїдеструкції (товщинастінкисерця, розташуваннясуміжниханатомічних структур, легеневих вен, стравоходу, трансмуральністьзонидеструкції, відстаньміж точками аплікацій); алгоритмисегментаціїанатомічних структур в програмномузабезпеченніEnsiteVerismo; можливостісуміщення в тривимірномупросторісегментованоїмоделі  та електро-анатомічноїкартикамерисерця, адаптовані для подальшоїрадіочастотноїабляції.
[bookmark: _Toc501042243]Результатироботивпроваджено в клінічну практику трьохелектрофізіологічнихопераційних ДУ «НІССХ ім. М.М. Амосова НАМНУ».
Ключові слова:радіочастотнаабляція; комп’ютернатомографія; сегментаціясерця, легеневих вен, та стравоходу; програмнезабезпеченняEnSiteVerismo та EnSiteNavX.
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CA - coronary atrium (enveloping artery)
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Topicality. Catheter radiofrequency ablation (RFA) is an effective surgical method of treating atrial fibrillation recommended by the Association of Arrhythmologists of Europe and America [1]. The technique is based on the thermal destruction of myocardial tissue around the mouths of the pulmonary veins to block the passage of pathological electrical impulses and suppress tachycardia [2]. When using exclusively X-ray control of the location of the electrode relative to the anatomical contours of the heart, there is a short-term elimination of arrhythmia with early postoperative recurrences [3] or perforation of the heart wall and damage to adjacent anatomical structures (coronary arteries, esophagus, etc.) [4, 5]. The relevance of the research topic lies in the need for a high-quality display of the anatomy of the left atrium in real time for the effectiveness of the operation. For its safety, it is important to assess the adhesion of the esophagus to the heart wall [6].
Today, methods of visualization of real anatomical structures based on DICOM processing of computer and magnetic resonance imaging data are dynamically developing, including for the reproduction of 3D anatomy of the heart [7, 8, 9].
The purpose of the work is to improve visualization of the heart anatomy adapted to catheter radiofrequency ablation of arrhythmogenic tissues by developing an algorithm for segmentation of computer tomography slices, determining the morphological characteristics of the destruction zone, and implementing the technique of combining the segmented model with the electro-anatomical map of the heart chamber to increase the safety and efficiency of ablation.
In accordance with the set goal, the following tasks were solved in the work:
1) Review of cardiac anatomy imaging techniques and medical image processing software adapted to perform effective and safe catheter radiofrequency ablation.
 (
12
)2) Development of an algorithm for the segmentation of the left atrium, pulmonary veins, and esophagus for the EnSite Verismo program (St. Jude Medical,  (
Изм.
Лист
№ докум
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Дата
Лист
БМ93.
08
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)USA) and its verification using the independent Vitrea automated segmentation system (Toshiba, Japan).
3) Implementation of the RFA technique using the combination in three-dimensional space of a segmented model of the heart chamber from sections of computer tomography and electro-anatomical map in the EnSite VelosityNavX navigation system (St. Jude Medical, USA).
4) Application of the capabilities of computer tomography to determine the morphological characteristics of the myocardium and the morphometric parameters of the destruction zone, necessary for effective and safe RFA.
The object of the research is clinical-instrumental and software methods of visualization of the anatomy of the heart for effective and safe catheter radiofrequency ablation
The subject of the study is morphological characteristics of the myocardium and morphometric parameters of the zone of radiofrequency destruction (thickness of the heart wall, location of adjacent anatomical structures, pulmonary veins, esophagus, transmurality of the zone of destruction, distance between application points); segmentation algorithms of anatomical structures in Ensite Verismo software; the possibilities of combining in three-dimensional space the segmented model and the electro-anatomical map of the heart chamber, adapted for subsequent radiofrequency ablation.
The construction of a three-dimensional model of the anatomical structures of the heart and adjacent organs, supplemented by an electro-anatomical map of the left atrium, which shows, in addition to the anatomy, the areas of localization of arrhythmia, will increase the efficiency and safety of RFA.
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)CHAPTER 1
OVERVIEW OF MODERN TECHNICAL AND SOFTWARE METHODS OF VISUALIZATION OF ANATOMICAL STRUCTURES OF THE HEART

1.1  Anatomical structures of the heart

The heart is located in the lower anterior part of the mediastinum, slightly to the left of the midline. On native tomograms, the outer contours of the heart chambers, limited by fat layers, are usually visible. Cavities of the heart, as well as partitions between individual chambers. The outer contour of the heart is formed by the pericardium and a strip of epicardial fat. The pericardium is attached to the large vessels at the level of the aortic arch, forming a kind of "bag", the contents of which are the heart, adipose tissue and parts of the large vessels that leave the heart or flow into it. The leaves of the pericardium are clearly visible at the level of the right atrium and ventricle, where fatty tissues are most pronounced. 
Most of the chambers of the heart are depicted on axial slices in cross section. 
The right ventricle is located in front, directly behind the sternum and the xiphoid process. The common trunk of the pulmonary artery departs from it upwards and at the end. 
The left ventricle is the largest chamber of the heart and is located to the left of the midline [25]. Between two ventricles, even on native tomograms, you can sometimes distinguish an interventricular septum located in the sagittal plane. To the right of the ventricles is the small right atrium, which has a spindle-shaped or rounded shape. 
The superior vena cava enters the right atrium from above, and the inferior vena cava from below. The back upper part of the heart is occupied by the left atrium. It has a spherical or spindle-shaped shape. The diameter of this chamber is normally 4-5 cm. 
 (
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)Pulmonary veins, two from each lung, flow into the atrium along the lateral surfaces. In the center of the cross-section of the heart, above the main part of the left 
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)ventricle, the mouth of the aorta is located. The diameter of this vessel is 2-4 cm. In the presence of fairly pronounced fatty layers on the surface of the heart at the level of the mouth of the aorta, large coronary arteries are visible: left, right and bypass.
When conducting radiofrequency ablation, it is important to know the features of the anatomical structure of the heart, because it is important to apply the ablation points correctly, that is, depending on the area in which the ablation point is applied, it is necessary to correctly select parameters that do not cause perforation of the esophagus or damage to the pulmonary veins [1, 2]. 
Figure 1.1 shows a CT image showing  the anatomical structure of the heart.

[image: ]
LA – left atrium; CA – circumflex artery; LA– left anterior descending coronary artery; AV - aortic valve; RA - right atrium; RVO – ventricular outflow tract; 
RCA - right coronary artery
Figure 1.1 – Anatomical structures of the heart

In the treatment of AF, it is necessary to isolate the pulmonary veins so that the ablation points are only on the myocardial tissues, because damage to the vein can lead to vein stenosis. And in the area of the esophagus, ablation points should be carefully applied. Since the wall of the ear is quite thin, ablation points are not applied to its walls. Therefore, it is important to know all the features of the anatomical structures of the heart [3,12].

 (
15
)
 (
Изм.
Лист
№ докум
.
Підпис
Дата
Лист
БМ93.
08
.2605.5223.ПЗ
)1.2. Features of catheter radiofrequency ablation of different morphological zones of the heart

Today, radiofrequency catheter ablation (RFA) is the main method of treating arrhythmias and some tachycardias. Despite the fact that this method was developed in the 1980s and has been widely used since the 1990s, the principles for its use in clinical practice were formalized only a few years ago [3, 4]. This type of treatment is a minimally invasive intervention, as it does not require any incisions or access to the heart.
Due to the passage of an electromagnetic flux through the tissue, it causes a certain excitation and movement of ions, which, as a result of the action of electromagnetic fields on them, begin to move and heat the surrounding tissue due to frictional heat. It is worth noting that when heated above 50-60°C to 70°C, coagulation necrosis develops, that is, heart tissue is destroyed, which causes an abnormal rhythm. As a result of microdestruction caused by heating, a so-called "scar" is formed on the fabric, which significantly reduces the elasticity of the area [12].
As a result, the main cause of heart rhythm disturbance is eliminated. It is very important to monitor all parameters, both electrical and physiological, that affect the degree of temperature exposure. Radiofrequency ablation is performed with the help of a thin, flexible catheter-conductor, which is inserted through a blood vessel and brought to the source of the abnormal pathological rhythm in the heart. Next, a radio frequency pulse is delivered through this conductor, which destroys the tissue area responsible for the irregular rhythm [14, 15, 41].
Radiofrequency ablation consists in the destruction (ablation) of the pathological center of the conducting system, which generates pathological electrical impulses. The procedure is carried out with the help of catheters (probes-electrodes), which are brought under X-ray control to the area of the heart where the pathological area is located, which became the source of the rhythm disturbance. In this regard, the method is also called "catheter destruction". 
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The operation is performed in a  (
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)specially equipped x-ray operation room, which is equipped with all the necessary equipment for providing resuscitation measures [1]. All manipulations are carried out under the control of special electrophysiological equipment (computer analysis of ECG curves) and X-ray control. Special electrodes (catheters) are inserted into the heart through the vessels: into the right chamber of the heart - through the subclavian or femoral vein, in the left - through the arterial channel (aorta, femoral artery, or through the puncture of the atrial septum) [2, 5, 18]. 
Later, the technique was improved, linear ablations were performed outside and around the pulmonary veins inside the left atrium. The progress of the operation was monitored using an electrocardiogram and an X-ray image (Fig. 1.2) [6, 7, 23]

[image: ]
Figure 1.2 – Image of catheters using: 
a) X-ray apparatus; b)NavX navigation system

It is worth noting that for this procedure it is important to know the features of the anatomical structure of the heart and the anatomical features located nearby, however, the X-ray image does not provide the necessary information, but where the pulmonary vein ends and the myocardium begins, there was a rather large danger of damaging the pulmonary vein or nearby important organs.
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1.3 Engineering and technical methods of visualization of heart anatomy

1.3.1 Computed tomography

 Computed tomography - X-ray transmission tomography with an external radiation source. The basis of the method is the model of mathematical reconstruction of X-ray reflection of objects. Computed tomography is a computerized X-ray imaging procedure in which a narrow beam of X-ray radiation is directed at the patient and rapidly rotates around the body, producing signals that are processed by a computer computer to create cross-sectional images - or "slices" - of the body. These sections are called tomographic images and contain more detailed information than conventional X-rays. When the machine's computer collects a series of consecutive fragments, they can be "stitched" together in digital form to form a three-dimensional image of the patient, which allows easier identification and location of major structures, as well as possible tumors or abnormalities [5, 21, 45].
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)Computed tomographic diagnostics is based on traditional x-ray principles of operation, and the most important tasks that must be solved during the study are the determination of the exact localization, number, shape and size of pathological foci, the intensity of their shadows, the clarity of contours, and also one of the main points - the possibility of mathematically precise determination of the absorption coefficient (density) of the examined tissue, which reflects the amount of absorption of the X-ray beam when passing through the human body. Depending on the density of the bat tissue, it absorbs X-ray radiation differently, and, accordingly, each tissue has its own absorption coefficient. A personal computer performs a mathematical reconstruction of the calculated absorption coefficients and their distribution on a multi-color matrix with subsequent transformation in the form of an image on the display screen. The picture is reproduced on a matrix, the size of which depends on the design with the corresponding cell size (pixel). The increase in the matrices along with the increase in the number of sensors, as well as the density of their arrangement, makes it possible  (
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)to determine the absorption coefficient of a smaller section of the CT image[5, 21].
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)The main indications for cardio-CT are: congenital and acquired heart defects; benign and malignant tumors of the heart and pericardium; heart injuries; patients with atypical chest pain; patients without symptoms, but with risk factors for coronary artery disease, to assess the state of coronary vessels; patients with questionable exercise electrocardiographic tests without clinical symptoms of CAD and with symptoms of CAD; before invasive X-ray coronary angiography to establish the localization and severity of calcinosis and stenosis in the coronary arteries; after stenting (shunting) to rule out restenosis (if clinical data are available) [5, 21].

[image: ]
Figure 1.3 – CT image in sections: a) transverse; b) longitudinally

From the available series of images, you can build a three-dimensional image or obtain slices (Fig. 1.3) made in arbitrary planes different from the plane of the original scan [4,6]. This series of slices is saved in DICOM format. The saved slice file can be loaded into software that reproduces the three-dimensional anatomy of the heart.
The 3D model adequately reflects the anatomical structure of the heart. The reproduced real 3D model of the left atrium shows the location of the pulmonary veins, auricle, esophagus and lungs [7, 10]. This method has a certain drawback, it is not a clear reflection of such soft tissues. After all, this method is based on X-ray radiation.
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1.3.2 Magnetic resonance imaging
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)Magnetic resonance imaging is a non-invasive method of medical examination that is widely used in medical diagnosis and monitoring the adequacy of patient treatment. 
The principle of this diagnostic procedure is based on the phenomenon of NMR (nuclear magnetic resonance), which allows you to obtain a layer-by-layer image of the body's organs and tissues. 
Nuclear magnetic resonance is a physical phenomenon that consists in special properties of atomic nuclei. With the help of a pulse of radio frequency nature, energy is emitted in the electromagnetic field in the form of a special signal. The computer reflects and displays this energy. 
NMR makes it possible to know everything about the human body due to the saturation of the latter with hydrogen atoms and the magnetic properties of body tissues. It is possible to determine where a particular hydrogen atom is located thanks to the vector direction of the proton parameters, which are divided into two located on opposite sides of the phase, as well as their dependence on the magnetic moment. 
The image is formed under the influence of a powerful magnetic field and electromagnetic waves with the use of computer processing to obtain clear detailing of soft tissues, bones and other internal structures of the body. To increase the clarity of the image, contrast agents are often used. 
With the help of MRI, it is possible to diagnose pathological changes that cannot be seen when using other methods of medical imaging. A method of studying internal organs and tissues using the physical phenomenon of nuclear magnetic resonance [43].
This method allows you to obtain a high-contrast image of body tissues (Fig. 1.4), and therefore is widely used in the visualization of heart tissues and important organs that are located nearby (esophagus, lungs) during RFA surgery for the treatment of AF.
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Figure 1.4 – MRI image of the chest

During the examination, a person is inside the MRI machine, the magnetic field temporarily acts on all water molecules of the body. At this time, radio waves scan the signals from these molecules and form a magnetic resonance image. The magnetic field and radio waves used during MRI are absolutely harmless to the human body, which makes this examination method so popular. With the help of magnetic resonance imaging, the doctor will be able to examine and obtain comprehensive information about the state of the nervous system, internal organs, and musculoskeletal system of a person. This information will make it possible to diagnose the disease at an early stage and prescribe the most effective treatment. The method of nuclear magnetic resonance is based on the study of hydrogen saturation of body tissues and their magnetic properties associated with being surrounded by various atoms and molecules.
The hydrogen nucleus consists of one proton, which has a magnetic moment (spin) and changes its spatial orientation in a strong magnetic field, as well as under the influence of additional fields [43], called gradient fields, and external radio frequency pulses, which are applied at a proton-specific magnetic field resonance frequency [43, 31].
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)Sections saved in DICOM format can be loaded into various software programs that reproduce the three-dimensional anatomy of the heart and other important organs, such as the lungs, esophagus, and determine the morphometric parameters of the heart. The 3D model clearly shows all anatomical structures of the heart. The MRI method makes it possible to reproduce the internal features of the
 structure of the heart. This method makes it possible to reproduce real 3D models of  (
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)various structures. A real three-dimensional model of the left atrium with a clear display of the pulmonary veins, auricle, esophagus and lungs significantly improves the safety and efficiency of RFA when isolating the pulmonary veins. One of the most important points during RFA is not to damage the pulmonary veins, and at the same time minimize the ablation application points, which can only be applied to myocardial tissues. After all, damage to the pulmonary veins can cause stenosis. And in the zone where the esophagus passes, it is necessary to apply the ablation quite carefully so as not to damage the esophagus [17,31].

1.3.3 EnSite NavX navigation system

EnSite NavX (St. Jude Medical, USA) is a navigation system that makes it possible to build a mathematical 3D mathematical anatomy of the heart, display points of activation and tension to detect arrhythmias, and the movement of catheters during RFA. The EnSite NavX system has two types of cardiac mapping methodology; the first uses EnSite Array non-contact catheter mapping, and the other is mapping and visualization The non-contact mapping system uses a multi-electrode catheter array simultaneously recording multiple regions of endocardial activations [22, 24, 30].
[image: https://professional.sjm.com/~/media/pro/products/ep/a-f/ensite-navx-navigation-visualization-technology/intus-topimage-rightcolumn-ensite-navx-navigation-visualization-technology-02.jpg]
Figure 1.5 - Placement of the patch on the surface of the patient's body
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)EnSite NavX has real-time 3D localization of the catheter and navigation using a patch (Fig. 1.5) which is generated by transthoracic electric fields in three orthogonal directions. The electric field can find the electrodes on the catheter and make the shape of the catheter so that their spatial position in the heart chamber is known, which greatly facilitates and improves the effectiveness of RF treatment of AF.
The EnSite NavX system is capable of displaying the 3D positions of several catheters (Fig. 1.6). This is achieved by applying a current with a frequency of 5.6 kHz through an orthogonally located patch [25, 26]

[image: C:\Users\Victoria\Desktop\Новая папка\Auto_End_of_Study_IMAGE_000006.jpg]
Figure 1.6 – 3D positions of multiple catheters in EnSite NavX
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)The location of the catheter is determined by the voltage or resistance measured in the electrode. The recorded voltage and resistance on the electrodes of each catheter obtained from this current provides their distance from the skin patch, and ultimately, their location in space. The anatomy of the heart structures (Fig. 1.7) can be constructed by moving the catheter along the surface of the endocardium [18, 30].
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Figure 1.7 – 3D anatomy of the left atrium

The technology is based on the principle that when an electric current is applied through two electrodes, the voltage gradient can be measured along the axis of the electrode. With a pair of electrodes placed on the chest, EnSite NavX measures the voltage at the local electrode and calculates the position of the electrode along the axis. In clinical practice, three pairs of surface electrodes are placed opposite the chest in anterior-posterior, left-right and cranial-caudal positions. Electrodes connected to the EnSite NavX alternately emit a 5.6 kHz current signal and a corresponding voltage gradient is generated. To increase the accuracy of 3D localization in the EnSite Velocity platform, the sampling frequency was increased to 8.136 kHz [22, 29]. EnSite NavX technology provides an algorithm to compensate for catheter displacement due to respiratory motion. It is based on detecting the dependence of breathing on changes in transthoracic resistance. Breathing compensation is one of the prerequisites for the successful integration of images and the subsequent 3D model used during RFA.
 (
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)The navigation system has quite important and unique functions that significantly improve the conduct of RFA [29]. One of them is OneMap, which allows you to simultaneously create an anatomical and electroactivation map. This function combines two maps that inform the doctor about the features of the anatomical structure, where the pulmonary veins, auricle, esophagus are located. After all, during the treatment of AF, it is necessary to isolate the pulmonary veins so that the ablation points are only on the myocardial tissues, because damage to the vein can lead to vein stenosis. And in the area where the esophagus is located, ablation points should be carefully applied so as not to damage (burn) the esophagus. Since the wall of the ear is quite thin, ablation points are not applied to its walls. There are such cases when AF is restored and it is necessary to carry out repeated isolation of the pulmonary veins. In such cases, an electroactivation map is used, which was built during the previous RFA.
This map contains the anatomical structure of the heart and the ablation points. During repeated treatment, looking at the map with the ablation points, the doctor performs cauterization only in those points where the arrhythmia has returned or where the ablation was not applied. It is the RealReview function that allows you to compare the data of current and previously recorded studies. Navigation system NavX ™ OverviewEnSiteNavX ™ (St. Jude Medical, Inc., Minneapolis MN) is another widely used mapping system for Catheter ablation of atrial fibrillation [15, 16, 28]. The basic principle behind EnSite NavX ™ (navigation Jude Medical, Inc., Minneapolis MN) is an impedance measurement method that depends on the voltage gradient that exists in the tissue when current is applied through surface electrodes. This mapping system is based on the localization of several electrodes using an electric field created by three pairs of surface electrodes located on the patient's body along three orthogonal axes.  (
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)Standard catheters are localized by measuring the electrical potential or field strength produced by them. The measured voltage and impedance drop sensed by the catheter electrodes are proportional to the distance of the electrodes from the patches. These measures refer to the electrode, also called the reference electrode, which is the source of the coordinate system. The position of this internal hollow electrode must be stable to maintain the exact position of the electroanametric map. The three-dimensional location of each catheter electrode is located using sensed voltage gradients in all axes. All electrodes are displayed simultaneously as catheter bodies with real-time navigation, facilitating non-fluoroscopic navigation, mapping and creation of cardiac chambers. Any multi-electrode catheter can be used to create a geometric model of the cardiac chamber.
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An electroanomaly map is created by acquiring and displaying activation and voltage data on this model. The ability to graphically display several catheters can significantly reduce fluoroscopic time and contribute to the complication of atrial fibrillation arrhythmias. The system also has the ability to import and integrate three-dimensional CT or MRI images to facilitate anatomical ablation procedures [17]. The system facilitates the recording of ablation points as well as other points of interest such as increased esophageal temperature. EnSite NavX ™ also provides timing and signal data that are critical for assessing the adequacy of lines created during ablation [33, 40, 41].

1.4 Software tools for building three-dimensional models of anatomical structures

1.4.1 Ensite Verismo software environment

 The Ensite Verismo software (St. Jude Medical, USA) makes it possible to improve the efficiency and safety of the procedure of electrophysiological research and radiofrequency ablation. EnSite Verismo creates three-dimensional (3D) models of cardiac structures by converting two-dimensional CT or MRI slice data into a 3D  (
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)model, facilitating preprocedure planning and geometry creation. The special features of this software are compatibility with DICOM data sets from almost any CT or MRI scanner, visualization of up to 16 anatomical structures, display of 3D models next to the geometry created on the EnSite NavX (St. Jude Medical, USA) system [28, 30, 32].
EnSite Verismo allows you to control the 3D volume in a dialog mode and perform a virtual viewing inside and outside of anatomical areas of interest in real time, which makes it possible to familiarize yourself with the features of the anatomical structure, for urgent RFA (Fig. 1.8) [10,13].
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[image: https://professional-intl.sjm.com/~/media/pro/products/ep/a-f/ensite-verismo-segmentation-tool/intus-overviewtab-rightcolumn-ensite-verismo-segmentation-tool.jpg]
Figure 1.8 - Verismo dialog box for constructing 3D visualization of the heart

In the process of segmentation, the image is divided into certain segments (regions), which have the corresponding homogeneity criterion and have a certain common feature (property). Such a characteristic is brightness. In order to detect the required area (object), it is necessary to select pixel thresholds based on brightness. It is the setting of thresholds, i.e. the maximum and minimum value, that helps to separate the pixels. Setting a threshold value makes it possible to divide the image into an object and a background [11]. The required object will be the totality of all pixels, the brightness of which is in the range of threshold values, and the background - a collection of other pixels [43].
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)EnSite Verismo software is designed to provide an accurate 3-dimensional (3D) view of the cardiovascular structure. The segmentation tool transforms standard CT or MRI images into a 3D model to improve the representation of the anatomical structure of the heart and generate the geometry [44].
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)The system is compatible with a DICOM dataset for any CT or MRI block scan and allows users to simultaneously view 3D models and generated geometry to better analyze conditions. This software is based on the double-constrained threshold method. The process of image formation occurs due to the change of color (or in gradations of gray) image into two-color black and white. The main parameter of this transformation is the threshold t - the value with which the brightness of each pixel is compared. Based on the results of the comparison, the pixel is assigned a value of 0 or 1. The main goal of the threshold method is to radically reduce the amount of information that has to be worked with. Simply put, a successful operation with image processing greatly simplifies the further work of the doctor. On the other hand, certain distortions may occur in the process, such as breaks in lines, loss of significant details, violation of the integrity of objects, appearance of noise due to background heterogeneity. Therefore, it is quite important to select appropriate thresholds in order to minimize distortion.
In the Ensite Verismo software, it is used to select areas in which the brightness value of pixels can vary in a certain range (t1 <t2). The principle of its operation consists in pixel-by-pixel analysis of the image [27, 11]. The color intensity of the pixel of the source image is calculated according to the following law:
[image: ]
where m, n – are pixel coordinates,
f and f' – are the pixel intensity of the input and output images, respectively,
t1 and t2 – are the color intensity range of the input image pixel corresponding to the maximum color intensity in the output image.
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)Of course, there is some distortion, but the operator can make corrections to the anatomical structure. That is, it is possible that other structures that are not of interest to us at the moment were captured, or on the contrary, a certain part of this or that organ or tissue is not displayed. Therefore, the operator can manually make all the necessary adjustments to the corresponding model. The obtained 3D anatomical map illuminates all the features of the anatomical structure of the structures of the heart and nearby organs. 
 (
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)A three-dimensional anatomical model created in Ensite Verismo can be exported to the St. Jude EnSite NavX [26, 30], where mathematical and real anatomy of the heart is combined. Thanks to this combination, the doctor sees before him an electroactivation and anatomical map. Then the one who conducts RFA sees where 
it is necessary and necessary to apply ablation points during the treatment of AF, so as not to damage nearby organs such as the esophagus. The doctor can see on the map where the pulmonary veins begin, because RFA points are applied only to the tissue of the myocardium, because in the case of applying an ablation point to the pulmonary vein, it can lead to the narrowing of this vein, which will have negative consequences for the patient. Also, ablation points are not applied to the walls of the auricle in the left atrium, because its wall is quite thin.
Determining the area of attention before carrying out quantitative calculations and visualizing the obtained results allows you to get rid of existing problems when conducting RFA. For this, segmentation was used, dividing the image into areas for which a certain homogeneity criterion is met. The concept of an image area was used to define a connected group of image elements that have a certain common feature (property) [33, 35]. Such a characteristic is brightness. One of the simplest and most natural ways to detect an object or objects is to select a threshold based on the brightness of pixels, or thresholding. Threshold is a feature (property) that helps to divide pixels into two classes ("useful" and "background"). The purpose of setting a threshold is to divide the image into an object (foreground) and a background (background) [43]. Threshold method is a simple but very effective segmentation  (
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)method. The color intensity of the pixel of the original image was calculated according to the law of the double threshold method, the above formula (1.1) [31].
The pixel arc was combined into two main groups, depending on their signal intensity in relation to the given threshold value. Pixels above or below the arc threshold are grouped together and exported for further processing. Using marginal extraction methodswhichmeasure the difference in intensities between neighboring pixels. During segmentation for procedures such as RF ablation, the extraction method allows the heart chambers to be separated. It selects a higher pixel signal intensity region, in this case, the left atrium and pulmonary veins, from neighboring structures, such as the lungs or esophagus, which have a lower pixel signal intensity and are therefore grouped into a separate region [19, 20, 39].
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1.4.2 Vitrea Software

The Vitrea medical diagnostics system is a system that allows you to process, view and analyze images, exchange images and transmit multidimensional digital images obtained with the help of various image acquisition devices. The Vitrea workstation provides improved 2D, 3D and 4D visualization and analysis for daily planning work.
To improve the image, it is enough to adjust the parameters and you can measure the required area. The software includes the ability to define many parameters.
For the planning of electrophysiological procedures for data processing with advanced visualization functions, intended for the analysis and assessment of the state of the heart, in particular the atria, as well as the pulmonary veins and coronary sinus. The application provides analysis tools that include a range of display, quantization and 3D model export options that are used in conjunction with the St. Jude Ensite®.
Vitrea CT CFA (Cardiac Functional Analysis) for examining the heart by computer tomography to evaluate its functions. Intended for use by cardiologists and radiologists when examining the heart by computed tomography to assess its function.  (
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)CFA performs semi-automatic segmentation of the heart and left ventricle, including the identification of the long axis and borders of the mitral valve at different phases; calculation of basic indicators, including end-diastolic and end-systolic volume, stroke volume, ejection fraction, minute cardiac output, cardiac index, systolic index and myocardial mass; calculation of local indicators, including wall movement, degree of wall thickening, local emission fraction and polar coordinates [36, 38].
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)The study of coronary arteries (analysis of CT data of the heart) is intended to determine the presence and degree of occlusion of the coronary arteries by means of a non-invasive study of the patient's coronary arteries. The doctor can select any coronary artery for viewing, highlight the necessary cavity or tissue in 3D mode, rotate MRI images of curved vessels, as well as cross-sections of the vessel. In the 
semi-automatic mode with contrast, it is possible to determine the limits of the lumen of the vessel, assess the degree of stenosis, and measure the largest and smallest diameters of the lumen. In addition, doctors can edit lumen boundaries and view indicators in Hounsfield units.
CT Multi-Chamber CFA uses CT images of the heart to help evaluate the function of individual chambers of the heart. This program allows you to get an image of a working heart. This application calculates such functional indicators as stroke volume, ejection fraction and cardiac output.
This software is based on the threshold method with a lower threshold.
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)The obtained images can be uploaded to the EnSite Velocity system, which allows you to plan the electrophysiological study and radiofrequency ablation procedure. Thanks to it, it is possible to predict the execution of relevant procedures, increase the efficiency and safety of execution. The main advantage of this method is that this research method does not require intervention in the human body, that is, it is a non-invasive method. If an operation is necessary, a plan and technique of actions can be drawn up before the intervention in order to minimize trauma to the patient during the operation.

1.5 Medical imaging standards

DICOM (Digital Imaging and Communications in Medicine) is a medical industry standard for creating, storing, transmitting and visualizing digital medical images and documents of examined patients.
 (
31
)The introduction of digital medical image sources in the 1970s and the use of computers in the processing of these images after their acquisition led the American College of Radiology (ACR) and the National Electrical Manufacturer to form a joint committee to create a standard method for transmitting medical images and associated with them information. This committee, formed in 1983, published in 1985 ACR-NEMA. Standards Publication No. 300-1985. Prior to this, most devices store images in a proprietary format and transfer files of these proprietary formats 
over a network or any media to perform image communication. file encoding. A standard way of transmitting digital image information was not implemented until version 3.0. The release of version 3.0 in 1993 changed the name to Digital Imaging and Communications (DICOM). The DICOM standard now defines a network protocol using TCP/IP, defines classes of service beyond simple data transfer, and creates a mechanism for uniquely identifying information objects as such across a network. DICOM was also structured as a multilateral document to facilitate the continuation of the standard. In addition, DICOM defines information objects not only for images, but also for patients, studies, reports and other groups of data. With the improvements  (
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)made in DICOM (version 3.0), the standard was ready to fulfill its promise not only to enable the transmission of medical images in a multi-production environment, but also to facilitate the development and expansion of picture archiving and communication systems (PACS) and interoperability with medical information systems[48 ].
DICOM was initiated in 1993 by the American College of Radiology (ACR) and the National Electrical Manufacturers Association (NEMA). It is often referred to as "DICOM 3.0" because it is an evolution of the previous ACR-NEMA 2.0 standard.
The DICOM standard reflects several layers of the ISO OSI network model and provides support for the exchange of information on exchange media. DICOM currently defines the Upper Layer Protocol (ULP). These definitions ensure that any two implementations of a compatible set of services and information objects can communicate effectively. Independence from the underlying network technology allows DICOM to be deployed in many functional areas of the application, including, but not limited to, communication within the same site (often using various forms of Ethernet); between sites over dedicated lines or virtual private networks (VPNs) within a metropolitan area (often using an asynchronous transmission mode) via dial-up or other remote access connection (such as modem, ISDN or DSL), and via satellite (with stack-optimized protocols to provide increased latency).
 (
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)
DICOM does not define the architecture of the entire system; nor does it specify functional requirements other than the behavior defined for specific services. For example, storage of image objects is defined in terms of how information should be transferred and stored, not how images are displayed or annotated.
The main purpose of the DICOM standard is to ensure interoperability between providers and devices and information systems related to digital medical imaging, as long as all relevant participants comply with the DICOM standard. With DICOM, vendor A's CT equipment will be able to send an exam to vendor B's digital archive, or vendor C's diagnostic workstation will be able to query and retrieve information from vendor D's server, etc. [46].
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)To promote an identical shade of graphic image on different monitors and uniform printed copies from different printers, the DICOM committee developed a lookup table to represent the digital value of pixels. To use the DICOM Standard Grayscale Display (GSDF) feature [47], images must be viewed (or printed) on devices that have this sweep curve or on devices that have been calibrated to the GSDF curve

Conclusions to chapter 1

1) In the treatment of tachyarrhythmias (in particular, atrial fibrillation) by the method of catheter radiofrequency ablation, the issue of the need for high-quality imaging of the anatomy of the heart, namely the left atrium and pulmonary veins, in real time for the effectiveness of the operation is acute. For its safety, it is important to assess the adhesion of the esophagus to the heart wall.
 (
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)2) There is currently a wide variety of cardiac imaging techniques such as MRI, CT, and the EnSite NavX navigation system. CT, MRI provides slices of the heart in different planes, allows you to visualize with high accuracy all the features of anatomical structures, their morphological characteristics, etc. The EnSite NavX navigation system is used directly during RFA, allowing you to reproduce a 3D electro-activation map of a certain heart structure, placement of catheters. However,  (
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)this map is a mathematical approximation of the walls of the heart and does not reflect the exact anatomical structure.
3) Today, methods of visualization of real anatomical structures based on DICOM segmentation of computer and magnetic resonance imaging data are dynamically developing, including for the reproduction of 3D anatomy of the heart. Among them: Ensite Verismo and Vitrea.
4) The combination of a segmented 3D model with an electro-anatomical map will provide visualization of the anatomical structure, areas of arrhythmia localization, location of the catheter and ablation points, and will increase the efficiency and safety of RFA.
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)CHAPTER 2
MATERIALS AND METHODS

2.1 Sections of computer tomography of patient N

The work uses images of computed tomography (CT) of the heart of patients (Fig. 2.1), obtained in the radiology department of the State Institution "National Institute of Cardiovascular Surgery named after M.M. Amosov National Academy of Sciences of Ukraine". CT makes it possible to obtain images with high spatial resolution. Computed tomography of the heart was used in the diagnosis of the heart, and it also helped to reveal anatomical changes in the heart, pericardium, main vessels, lungs, as well as other structures in the chest cavity. This study is based on the fact that, with the help of a computer, X-ray "slices" of the chest in different planes were made.
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Figure 2.1 – Anatomical structures of the heart of patient N.
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)Thanks to this, it is possible to determine the exact location of any anatomical structures. Visualization of the heart with the help of CT made it possible to build a three-dimensional model of the heart, its anatomical structure, evaluate the peculiarities of the structure of the chambers of the heart and blood vessels, investigate the internal hemodynamics of the heart, functional indicators of the heart, measure the speed of blood flow in large vessels, because each of these indicators is important for successful RFA .
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)The slice data were obtained using spiral scanning. The thickness of the selected section and the step of the table were selected in such a way as to ensure a mathematical partial overlap of two side-by-side images of the entire study volume. As a result, the effect of a smooth transition from one image to another is achieved, and when constructing a three-dimensional image, the jagged effect caused by the reconstruction at the junction of two slices disappears.
All slices were saved in DICOM format. The medical imaging standard DICOM format contains general and special mechanisms for research and support for various fields of use. This format was chosen because the contours of objects (in the image) can be defined as pixel coordinates with reference to specific images.

2.2 RFA execution plan with EnSite Verismo software

RF treatment requires good preparation and a clear plan for this operation. After all, good preparation and a developed action algorithm are a guarantee of the effectiveness and safety of this treatment method.
An approach for conducting RFA with the EnSite Verismo software (St. Jude Medical, USA) has been implemented according to the following algorithm:
1. Obtaining and saving CT sections of the patient (Fig. 2.2, a, b) in DICOM format.
2. Downloading "gray" images into the EnSite Verismo software (Fig. 2.2, c).
3. Construction of a 3D model of anatomical structures of the heart, pulmonary veins and esophagus (Fig. 2.2, d) by segmentation of CT images.
4. Export of the constructed three-dimensional model to the EnSite NavX system (St. Jude Medical, USA) (Fig. 2.2, e).
5. Combining the segmented model and the electro-anatomical map in the EnSite NavX system for further radiofrequency ablation on them (Fig. 2.2,e).
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Figure 2.2 – Conducting RFA with EnSite Verismo software: a) CT scan; 
b) Obtaining sections in DICOM format; c) segmentation in the EnSite Verismo program; d) segmented 3D model; e) export to the St. Jude EnSite NavX ; f) RFA.

[image: ]
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)Figure 2.3 – Algorithm of performing RFA
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)The developed algorithm (Fig. 2.3) makes it possible to significantly reduce the time of the operation and increase the efficiency of the radiofrequency ablation operation. Thanks to the fact that the doctor sees in front of him the anatomical and electroanatomical map of the left atrium or left ventricle in front of him.
Combining the two models more accurately reflects the anatomical features of the left atrium (LV) and the location of other anatomical structures (pulmonary veins and esophagus). The electro-anatomic map displays both anatomical features and the electro-activation map of the passage of excitation and ensures the application of radio frequency ablation points on the surface of the heart in real time.

2.3 The method of constructing a 3D image in EnSite Verismo

To build a 3D image, segmentation of the gray image of CT images is necessary, which consists in dividing the image into meaningfully interpretable areas, in particular, highlighting objects that differ in their brightness and geometric properties. The following methods of segmentation of objects are distinguished: correlational segmentation, which is based on similarity with the standard, texture segmentation (based on the definition of textures), as well as segmentations based on the definition of uniform colors: boundary, boundary selection, area expansion. Correlation and texture methods find only limited application in the analysis of images of biological objects due to the high individual variability of their geometric and optical properties. Boundary methods and boundary extraction methods are used for contrast images and can be used for image analysis of bioobjects. Due to the fact that on CT images anatomical structures are displayed in the form of high-intensity objects on a fairly uniform background, for their selection it is advisable to use software based on the threshold method with automatic selection of the threshold value [37].
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)The construction of a binary function for the selection of bone structures by the boundary method is carried out according to the formula: 
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where F¢ – CT image after preliminary processing; T is the binarization threshold.
Determining the area of ​​attention before carrying out quantitative calculations and visualizing the obtained results allows you to get rid of existing problems when conducting RFA. For this, segmentation was used, dividing the image into areas for which a certain homogeneity criterion is met. The concept of an image area was used to define a connected group of image elements that have a certain common feature (property). Such a characteristic is brightness. One of the simplest and most natural ways to detect an object or objects is to select a threshold based on the brightness of pixels, or thresholding. Threshold is a feature (property) that helps to divide pixels into two classes ("useful" and "background"). The purpose of setting a threshold is to divide the image into an object (foreground) and a background (background). Threshold method is a simple but very effective segmentation method. The color intensity of the pixel of the original image was calculated according to the law of the double threshold method, the above formula (2.1) [12, 31].
The pixel arc was combined into two main groups, depending on their signal intensity in relation to the given threshold value. Pixels above or below the arc threshold are grouped together and exported for further processing. Using edge extraction methods that measure the difference in intensities between neighboring pixels. During segmentation for procedures such as RF ablation, the extraction method allows the heart chambers to be separated. It selects a higher pixel signal intensity region, in this case, the left atrium and pulmonary veins, from neighboring structures, such as the lungs or esophagus, which have a lower pixel signal intensity and are therefore grouped into a separate region [19, 20].
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)The biggest difficulties encountered during the automation of determining the attention zone on CT images are related to the impossibility of using constant statistical data as limiters for threshold filtering of data. This is due to the fact that the  (
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)range of changes in characteristics can vary significantly from one study to another based on the physiological properties of the patients.

Conclusions to chapter 2

1) The work uses images of computed tomography (CT) of the heart of patient N., obtained in the radiology department of the State Institution "National Institute of Cardiovascular Surgery named after M.M. Amosov National Academy of Sciences of Ukraine".
2) An approach was proposed and a plan was developed for conducting RFA with EnSite Verismo software (St. Jude Medical, USA), which consists in combining a segmented model and an electro-anatomical map in the EnSite NavX system (St. Jude Medical, USA) for further radiofrequency ablation on them.
3) To create a three-dimensional image in the EnSite Verismo software environment, existing methods of Dicom segmentation of computer tomography data were studied. The expediency of using the threshold method, namely the division of the image into areas for which a certain homogeneity criterion is fulfilled, is substantiated. An algorithm for the segmentation of the anatomical structures of the heart and their subsequent matching with the electro-anatomical map in the EnSite VelosityNavX navigation system (St. Jude Medical, USA) was developed.
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CHAPTER 3
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)CONSTRUCTION OF 3D MODELS OF THE ANATOMICAL STRUCTURES OF THE HEART

3.1 Construction of a 3D model of the left atrium and ventricle

[image: ]Building a 3D model in the EnSite Verismo computer tomography software allows you to reproduce the individual anatomical features of a specific patient and determine the exact localization arrhythmogenic substrate and facilitate the navigation of the catheter in the heart chamber. Figure 3.1 shows a 3D model of the left ventricle, left atrium, pulmonary veins, and esophagus.
AB……………………..C
Figure 3.1 – 3D model of
a) left ventricle, b) left atrium c) left atrium, pulmonary veins and esophagus

When conducting RFA, it is necessary to know all the features of the anatomical structure of the left atrium of each patient. Therefore, an algorithm was developed (Fig. 3.2) for building a three-dimensional model of the LV, LV in the EnSite Verismo software environment, which is used directly during RFA. The construction of the 3D model was carried out according to the algorithm developed by us with the introduction of certain corrections for a more accurate and better display of the maps of the left atrium (Fig. 3.1, b), left ventricle (Fig. 3.1, a).
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)Figure 3.2 – Algorithm for constructing the left atrium in the EnSite Verismo software environment.

For the successful and effective treatment of AF, it is quite important to know all the features of the anatomical structure of the left atrium of each patient.
Therefore, an algorithm was developed for building a three-dimensional model of the LP in the EnSite Verismo software environment, which is used directly in RFA.
This algorithm included the following items:
1. Downloading slices of patient N.
Sections obtained (Fig. 3.3) using a Toshiba (Japan) computer tomograph are saved in DICOM format, because this format is supported by the EnSite Verismo program.
[image: ]
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)Figure 3.3 - Anatomical structures of the heart
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)2. Choosing the necessary part of the chest.
The loaded slices represent the entire chest of the patient. Having worked more with the anatomical image and more thoroughly studied the peculiarities of the display of anatomical structures. Therefore, by flipping through the sections, the area was chosen where the heart and its anatomical structures (left, right ventricle, atrium) are best visible.
3. Setting the area for segmentation
In the EnSite Verismo software environment, select the required area for us (Fig. 3.4). The required area is the area of the heart, aorta (partially), esophagus and lungs. Such an area is highlighted, as shown in Figure 3.2, in order not to waste time on processing those organs that are not currently ofinterest to us.

[image: ]
Figure 3.4 – Segmentation area

The software compares the pixels accordingly, some are discarded and some are kept to build a 3D model. In order to reduce distortions or errors, the construction of other structures of the body uses this very function, that is, the selection of a certain area.
4. On the control panel, select the segmentation of the heart cavities.
The EnSite Verismo software environment has a large list of possibilities for segmentation of different organs or tissues. But since we need to create a three-dimensional model of the LV and LV, the chamber tool was selected on the task panel.
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)5. Choice of structure
The structure of the left atrium was chosen from the list provided. The color of its display in the three-dimensional model is set here. In this item, it was possible to block the display of this structure.
6. Selecting a point in the required area.
After obtaining images of the heart and its anatomical structures, image segmentation allows you to separate individual chambers of the heart. The use of contrast agents (iodine-based for CT) allowed better differentiation of different structures. The blood pool shows a high signal intensity, which differs from the lower intensities of the adjacent tissue, thus the demarcation contours of various chambers of the heart and blood vessels were better visible. Due to the demarcation contours of different chambers of the heart, the area of ​​the left atrium was chosen, and any point in any plane was fixed there (Fig. 3.5).

[image: ]
Figure 3.5 – CT image of the heart in different planes

We chose a point in the center of the LP location area because the selected point serves as a certain base. Further, pushing away from this point, certain bills will be saved, and others will be discarded, depending on the threshold values.
7. Setting thresholds.
 (
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)In this work, by choosing the optimal threshold values, the range of which included only the area that included only the boundaries of a certain anatomical structure. That is, the area of the left atrium on the gray CT image is separated  (
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)completely, without including additional areas or excluding a certain part of the area. Due to which there is no need to make corrections in 3D fashion.
8. Choosing the optimal contrast.
Contrast is closely related to the brightness of the image. There are dark and light areas on the chest CT image. The ratio of the density of the lightest place to the density of the darkest is the contrast. This characteristic is an important indicator of CT image quality. The contrast was chosen from the scale provided by the EnSite Verismo software. When changing the contrast values, the brightness of shades of gray or white on the processed image changed, so the value of this characteristic was chosen visually. Good contrast makes the image more natural, increases its legibility.
9. Obtaining 3D models.
Due to the fact that the selected region of the left atrium and all the characteristics are displayed in the EnSite Verismo software environment, click on the "Apply" button. After a few seconds, a 3D model of the left atrium and left ventricle is displayed on the screen.

3.2 Construction of a 3D model of the esophagus

An algorithm for building a three-dimensional model of the pond (Fig. 3.6) in the EnSite Verismo software environment, which is used directly during RFA, has been developed.
1. Select cavity segmentation on the control panel.
In the EnSite Verismo software environment, the chamber tool was selected on the control panel.
2. Choose a structure
The structure of the esophagus (esophagus) is selected. The color of its display in the three-dimensional model is set here.
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)Figure 3.6 – Algorithm for constructing the esophagus in the EnSite Verismo software environment.

3. Select a point in the required area.
Due to the demarcation contours of various anatomical structures on the gray CT images, a point in the center of the esophagus was chosen. This point was fixed in the plane of the transverse section (transverse), because the esophagus is best visible in this area.
4. Setting thresholds.
Threshold values were set for this anatomical structure so that the separated area, for further segmentation, did not include additional areas or did not exclude a certain part of the area. In the software environment, the boundaries of the area are automatically changed when the threshold values are changed. Decreasing the minimum threshold leads to an increase in the segmentation area, and decreasing the maximum threshold leads to a decrease in the area. It is quite important to select the thresholds so that the pixel bandwidth is optimally selected. This band is formed by the minimum and maximum value of the thresholds.
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5. Choose the optimal contrast
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)The contrast was chosen in the same way as for LV from the scale provided by the EnSite Verismo software.
6. Obtaining a 3D model of the left atrium, pulmonary veins and esophagus
Due to the fact that the selected area ofthe esophagus and all the characteristics are displayed in the EnSite Verismo software environment, click on the "Apply" button. As a result, we get an anatomical cut of the esophagus (Fig. 3.7)

[image: F:\ЛВ_ЛП_С.png]
Figure 3.7 – 3D model of the left atrium, pulmonary veins and esophagus.

7. Making corrections manually.
Since the image of the esophagus on the CT sections and its clear contours, no corrections were made. Only because the esophagus has a long length relative to the esophageal sphincter, using the Trace function, you can highlight a certain area (on a three-dimensional model) of this anatomical structure, then give it the value of another structure and block the display of this structure.

3.3. Combination of segmented models and electro-anatomical maps of heart chambers in the navigation system EnSite NavX
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)An electro-activated 3D model of the left atrium and ventricle was built in the EnSite NavX navigation system, which was used during RFA. The mathematical map was built due to the fact thatwhen the catheter touched the walls of the LV or LV,  (
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)the points of contact were fixed on the screen (Fig. 3.8). EnSite NavX has real-time 3D localization of the catheter and navigation using a patch that is applied to the surface of the patient's body and generated by transthoracic electric fields in three orthogonal directions. The electric field locates the electrodes on the catheter and shapes the catheter so that their spatial position in the heart chamber is known [24].
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Figure 3.8 – Image of a 3D anatomical map

In addition, 3D anatomical positions are superimposed from local electrical information. The electroactivation map of the left atrium facilitates the identification of specific anatomical landmarks (pulmonary vein) on a segmented CT image. These images were then blocked to create an integrated image. helps guide catheter ablation in real time using detailed left atrial anatomy obtained using CT [7,8].
[image: ]
 (
48
)Figure 3.9 – Algorithm for combining segmented models and electro-anatomical maps of heart chambers in the EnSite NavX navigation system
They have also been used in atrial fibrillation ablation to correctly define the anatomy and location of the pulmonary veins as well as other structures such as the  (
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)esophagus [9]. Studies have shown that they increase the safety and effectiveness of the procedure. An electroanomaly map is created by acquiring and displaying activation and voltage data on this model. The system records the ablation points shown in Figure 3.8 (white points). Figure 3.10 shows the electrical activation map of the left atrium: an anterior view of the left atrium, showing the predominant location over the anterior wall and roof. Right: Posterior view of the left atrium showing ablation lesion sets to isolate the pulmonary vein and the posterior wall of the left atrium. The points were immediately combined into points of contact, the value of the pulse and its distribution were recorded. The colors of the rainbow, starting from the most saturated red to the following colors, followed the weakening of the impulse. But since this map does not reflect all anatomical features, for this purpose an anatomical three-dimensional model of the left atrium and left ventricle was created.

[image: ]
Figure 3.10 –Electroactivation map of the left atrium generated by Ensite NavX (left: anterior view, right: posterior view).
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)By loading the three-dimensional model of the left atrium and left ventricle created in EnSite Verismo into the EnSite NavX navigation system. By loading the three-dimensional model of the left atrium created in EnSite Verismo into the EnSite NavX navigation system. In the EnSite NavX navigation system, you can cut an image in any projection. Thanks to this, it is possible to evaluate the peculiarities of the structure of anatomical structures.
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Figure 3.11 – 3D model of a) left ventricle, b) left atrium

Figure 3.11 shows a 3D model of the left atrium for RFA. Next, placing two maps (real and mathematical) in one projection on one display.
Using the OneMap function that allows you to combine two maps. For the combination of anatomical and mathematical models, respectively, sets the points of combination (Fig. 3.12). These points were selected and set by the operator.

[image: ]
Figure 3.12 – A 3D anatomical map and a mathematical map are shown, on which the points for joining are set

As a result, we get an anatomical map, which is displayed in Figure 3.13, more accurately reflects the anatomical features of the structures of the left atrium and left ventricle.
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)Figure 3.13 – Combined 3D anatomical and mathematical maps of a) left ventricle b) left atrium
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)The combined two maps inform the doctor about the features of the anatomical structure, where the pulmonary veins, auricle, and esophagus are located. After all, in the treatment of AF, it is necessary to know all the features of the anatomical structure. Each imaging mapping system has its own advantages and limitations, and its use depends on the skill and preference of the operator. However, they all continue to evolve and contribute to individualized approaches for catheter ablation of atrial fibrillation.

Conclusions to chapter 3

1) The developed algorithm for the segmentation of anatomical structures of the heart, such as the left atrium, pulmonary veins, esophagus, left ventricle, was tested.
2) Each structure has its own reproduction algorithm. The main points during segmentation were the correct selection of the segmentation area and thresholds. This area was set in different sections, depending on the anatomical structure. The esophagus is better visible in the cross section, the pulmonary veins in the longitudinal section. Thresholds for each structure were selected individually, so that the segmentation area included only the necessary anatomical structure.
3) The segmented anatomical three-dimensional model of the left atrium, pulmonary veins, and esophagus was exported to the EnSite NavX navigation system. In EnSite NavX, model data is combined with an electro-anatomical map of this structure. For matching, it is important to set the joining points correctly. These are common points of both maps.
4) Combined two maps provide information to the doctor about the features of the anatomical structure of each structure, where the pulmonary veins, auricle, esophagus are located, which significantly increases the efficiency and safety of radiofrequency ablation.
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)CHAPTER 4
CALCULATION OF THE MORPHOMETRIC CHARACTERISTICS OF THE ZONE OF DESTRUCTION ON THE BASE OF COMPUTER TOMOGRAPHY DATA

4.1 Determination of the thickness of the wall of the left atrium

Tachyarrhythmias consist in a violation of the formation and conduction of an electrical impulse, which changes the normal contractile activity of the heart. Each arrhythmia has its own mechanism of its occurrence and maintenance, which involves different areas of the heart that are subject to destruction during RFA. In order to correctly choose the parameters of radiofrequency ablation, to ensure a more efficient and safe operation, the thickness of the left atrial wall was measured. Substrates of arrhythmias are localized in different areas and differ: the thickness of the wall of the heart chamber, the depth of the location and the area of ​​the source of  excitation.

[image: http://journals.plos.org/plosone/article/figure/image?size=large&id=info:doi/10.1371/journal.pone.0182174.g001]
Figure 4.1 – Schematic representation of 25 preselected zones of the left atrium
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)All parameters were obtained at 25 preselected locations in six regions, including the preauricular region, superior, anterior wall, posterior wall, septum, and lateral wall of the left atrium. The thinnest is the atrial myocardium, its thickness is 2–3 mm. The thickness of the myocardium of the right ventricle of an adult is normally 5–8 mm.
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)Figure 4.2 shows a CT image of the left atrium in Ensite Verismo software with left atrial thickness measurements.

[image: C:\Users\Victoria\Desktop\практика\IMG_20180222_144440.jpg]
Figure 4.2 - CT image with measurements of the thickness of the walls of the left atrium.

The dimensions of RF destruction must be deep enough for completestopping the passage of the impulse through this area and at the same time not going beyond the limit dimensions of the wall of the heart chamber so as not to cause perforative damage to the heart and adjacent anatomical structures (for example, the trachea and esophagus on the back wall of the left atrium; coronary arteries on the epicardial surface, phrenic nerves).
Table 4.1 presents the thickness of the walls in the studied zones, and the average value in each of the areas is determined.
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)Table 4.1 – Thicknesses of the left atrial wall in different zones 
	№
	Name of the LP region
	Patient
    A
	Patient
B
	Patient
C
	Patient
D
	Patient
F
	Patient
H
	Average value 
(h, mm)

	1
	The area in front of the ear
	2,71
	3,254
	2,5
	2,745
	3,5
	3,2
	2,96±0,41

	2
	Upper wall, left
	2,35
	2,54
	2,718
	2,98
	3,02
	2,65
	2,543±0,4

	3
	Upper wall, middle
	2,85
	2,3158
	2,2788
	2,24
	3,28
	2,16
	2,683±0,39

	4
	Upper wall, right
	2,3
	2,457
	3,14
	2,27
	2,54
	2,487
	2,384±0,44

	5
	Front wall, upper left
	2,372
	1,4
	2,41
	1,98
	1,68
	1,73
	1,97±0,38

	6
	Front wall, middle upper
	2,294
	2,27
	2,03
	2,487
	1,28
	1,987
	1,969±0,44

	7
	Front wall, upper right
	2,228
	2,7
	2,4
	1,7
	1,34
	2,03
	2,81±0,46

	8
	Front wall, lower left
	2,152
	1,78
	2,5
	2,64
	1,97
	2,1
	2,17±0,4

	9
	Front wall, lower middle
	2,086
	2,41
	2,783
	2,248
	2,14
	2,107
	2,027±0,55

	10
	Front wall, lower right
	2,09
	2,46
	2,9713
	2,48
	2,47
	2,37
	2,42±0,61

	11
	Rear wall, upper left
	1,96
	2,54
	1,15
	2,57
	1,47
	2,78
	1,95±0,54


	12
	Back wall, middle top
	1,863
	2,34
	2,37
	2,31
	2,17
	2,99
	1,976±0,54

	13
	Back wall, first right
	1,7912
	2,37
	1,4
	2,35
	1,384
	2,1
	1,922±0,43

	14
	Back wall, left middle
	1,47
	2
	2,3
	2,14
	2,102
	2,49
	1,94±0,45

	15
	Back wall, in the middle
	1,646
	2,64
	2,71
	2,71
	2,37
	2,35
	2,15±0,57

	6
	Back wall, right middle
	1,5734
	2,37
	2,34
	2,68
	2,84
	2,178
	2,23±0,47

	17
	Back wall, lower left
	1,67
	2,36
	2,001
	1,77
	2,37
	2,4094
	2,028±0,45

	18
	Back wall, middle lower
	1,4282
	2,6
	2,11
	1,71
	1,45
	2,172
	1,902±0,42


	19
	Back wall, lower right
	2,3556
	2,48
	2,67
	2,24
	1,84
	2,37
	2,22±0,41

	20
	Partition, higher
	1,283
	1,65
	2,34
	2,187
	2,31
	2,187
	1,951±0,45

	21
	Partition, medium
	1,2104
	2,37
	2,37
	1,97
	1,63
	1,354
	1,851±0,51

	22
	Partitions, lower
	1,1378
	2,87
	2,36
	2,67
	2,487
	1,37
	1,968±0,62

	23
	Side wall, higher
	1,0652
	2,78
	2,71
	2,37
	2,15
	2,34
	1,942±0,6

	24
	Side wall, middle
	2,348
	2,874
	1,79
	1,34
	1,78
	2,57
	2,11±0,51

	25
	Side wall, lower
	1,92
	2,34
	2,17
	2,34
	1,98
	2,008
	2,08±0,43
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)Figure 4.3 presents a diagram that shows the range of variation in left atrial wall thickness in each of the 25 investigated zones.

[image: ]
Figure 4.3 – Fluctuations in the thickness of the left atrial wall according to CT data (N = 6 patients of the State University "NISSkh IM MM AMOSOVA NAMNU")

Studies show that wall thickness measurements presented in Table 4.1 range from 1 to 4 mm. The average thickness of the area in front of the ear was 2.10±0.41mm, and the back wall was the thinnest 3.13±0.53mm, the front wall 2±0.55mm and the upper wall 2.17±0.61mm, the septum 1.92± 0.42mm mm and side wall 2.08±0.48mm.

4.2 Determination of the distance between the left atrium and esophagus

From the sides, the heart is surrounded by the lungs, in front it is adjacent to the chest wall, behind - to the organs of the posterior mediastinum, in particular to the esophagus. It is very important not to damage nearby organs when applying ablation points, therefore, in the area adjacent to the left atrium of other anatomical structures, namely the esophagus, it is important to know the distance between them.
 (
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5
)Figure 4.4 shows a CT image of the left atrium and esophagus. The distance between them was measured for destruction along the back wall of the left atrium.    
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Figure 4.4 – CT image with measurements of the distance between the left atrium and the esophagus.

Table 4.2 shows the values of the measured distance between the left atrium and the ventricle for the 6 studied patients.

Table 4.2 – Thicknesses of the left atrial wall in different zones (N = 6 patients
	Name
	Patient A
	Patient
B
	Patient
C
	Patient
D
	Patient
F
	Patient
H
	Average value

	The distance between the wall of the LP and the esophagus
	1,886
	1,643
	1,72
	1,821
	1,735
	1,654
	1,74±0,24



It was determined that the esophagus is at a distance of 2-3 mm from the back wall of the left atrium. The average value is 1.74±0.24 mm. However, it can be located with direct adhesion to the tissue of the heart by about 0.5 mm.
 (
5
6
)The left atrial volume was also measured. To do this, in the EnSite Verismo software, using the measurement tools, we determined the volume of the left atrium (Fig. 4.5), directly measuring the height and width of the 3D model of the left atrium, and clicking on "measure volume" we get the amount voxels that this model contains and the volume of the left atrium, which is 195 cm3.
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Figure 4.4 - a) CT image of the left atrium, 
b) value of the volume of the left atrium.

The obtained measurements of the morphological characteristics of the myocardium (namely, the thickness of the heart wall) were included in the further analysis of the morphometric parameters of the display of the ablation zone on the electroanatomical map of the heart in the Ensite VelosityNavX system. These include:
1. The depth of RF destruction in different zones of the left atrium depending on the thickness of the heart wall. And also the duration of the application at different power values to achieve transmurality (ablation exactly to the thickness of the heart wall, no more, no less).
2. The diameter of the point-label of radiofrequency ablation on the anatomical model of the heart, which must correspond to the real data of the size of the destruction and which differs in different zones.
2. The percentage of overlap of RFA points for the formation of an effective transmural line between the atrium and pulmonary veins, which is important for blocking the passage of pathological impulses.
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)3. Estimated number of ablation points around each of the four pulmonary veins to standardize the evaluation of the effectiveness of the procedure.
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)4.3 Determination of RFA parameters for different zones of the left atrium

According to the first law of thermodynamics, the action of an electric current during RFA generates the energy of a heat wave directed at heating the myocardium[49]:
[image: ]
where Q is heat, J; m – mass of myocardial tissue, kg; ∆T = T1-T2 – temperature change during RFA, T1 – myocardial temperature (T1=37 oC), T2 – effective ablation temperature (T2 = 50 oC); P – RF current power, W; t – exposure time, c; c – mass heat capacity of the myocardium, J/(kg.K); - left atrial tissue density, kg/m3.
The mass heat capacity of the myocardium was 2010 W/K∙m, and the density of the left atrial tissue was 1200 kg/m3 [40, 41]. 
Table 4.3 shows RFA power and duration parameters for left atrial zones depending on their thickness.
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8
)Table 4.3 – RFA power and duration parameters for the left atrial zones depending on their thickness (N = 6 patients of the NISSKH IM MM AMOSOVA NAMNU)
	№
	h, мм
	P, Вт
	t, c
	P, Вт
	t, c
	P, Вт
	t, c

	1
	2,96±0,41
	15
	54,63±0,16
	30
	28,26±0,08
	40
	20,943±0,06

	2
	2,543±0,4
	15
	38,43±0,15
	30
	19,22±0,07
	40
	14,413±0,05

	3
	2,683±0,39
	15
	46,91±0,14
	30
	23,45±0,07
	40
	17,588±0,05

	4
	2,384±0,44
	15
	32,83±0,2
	30
	16,42±0,01
	40
	12,314±0,07

	5
	1,97±0,38
	15
	18,41±0,13
	30
	9,203±0,06
	40
	6,902±0,049

	6
	1,969±0,44
	15
	18,91±0,21
	30
	9,456±0,1
	40
	7,092±0,07

	7
	2,81±0,46
	15
	21,12±0,24
	30
	10,553±0,12
	40
	7,915±0,09

	8
	2,17±0,4
	15
	22,27±0,15
	30
	11,136±0,08
	40
	8,352±0,05

	9
	2,027±0,55
	15
	22,44±0,41
	30
	11,218±0,21
	40
	8,414±0,15

	10
	2,42±0,61
	15
	21,27±0,56
	30
	10,633±0,28
	40
	7,975±0,21

	11
	1,95±0,54
	15
	17,77±0,37
	30
	8,883±0,19
	40
	6,667±0,14

	12
	1,976±0,54
	15
	18,720,39
	30
	9,363±0,19
	40
	7,027±0,15

	13
	1,922±0,43
	15
	17,21±0,18
	30
	8,604±0,09
	40
	6,453±0,039

	14
	2,028±0,45
	15
	17,7±0,22
	30
	8,851±0,11
	40
	6,638±0,083

	15
	1,902±0,42
	15
	24,07±0,46
	30
	12,031±0,23
	40
	9,029±0,173

	16
	2,22±0,41
	15
	27,94±0,27
	30
	13,969±0,13
	40
	10,476±0,09


	17
	2,028±0,45
	15
	20,78±0,22
	30
	10,391±0,11
	40
	7,793±0,08

	18
	1,902±0,42
	15
	16,68±0,18
	30
	8,3418±0,09
	40
	6,256±0,067

	19
	2,22±0,41
	15
	27,49±0,17
	30
	13,749±0,08
	40
	10,312±0,063

	20
	1,951±0,45
	15
	17,99±0,22
	30
	8,995±0,11
	40
	6,746±0,083

	21
	1,851±0,51
	15
	15,36±0,31
	30
	7,68±0,16
	40
	5,76±0,12

	22
	1,968±0,62
	15
	18,389
	30
	9,194±0,28
	40
	6,896±0,212

	23
	1,942±0,6
	15
	17,94±0,51
	30
	8,971±0,23
	40
	6,728±0,19

	24
	2,11±0,51
	15
	23,54±0,51
	30
	11,771±0,16
	40
	8,828±0,12

	25
	2,08±0,43
	15
	22,47±0,29
	30
	11,238±0,09
	40
	8,428±0,075
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The obtained data are grouped in Table 4.4 by common characteristics. 
Table 4.4 ranges of output power and duration of application for different zones of the atrium.
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)
Table 4.4 – Ranges of output power and duration of application for different zones of the atrium.
	LP region
	P, Вт
	t, c
	P, Вт
	t, c
	P, Вт
	t, c

	Partition (middle), back wall, side wall (higher), partition, back wall (middle upper), front wall (middle upper)
	15
	17,97±0,68
	25
	8,86±0,51
	40
	6,65± 0,36

	Back wall (bottom left), front wall, side wall (bottom), side wall (middle), back wall (middle)
	
	22,24±1,17
	
	10,99±0,54
	
	8,24±0,61

	Back wall, (lower and upper right), upper wall (right, left)
	
	29,43±2,96

	
	15,83±1,48
	
	11,04±1,35

	The upper wall, the middle, the area in front of the ear
	
	46,66±8,1
	
	23,64±4,52
	
	17,65±3,27
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RFA parameters obtained (ranges of output power and duration of application) for different zones of the atrium, which allow effective and safe transmural destruction of arrhythmogenic myocardial tissues.

4.4 Determination of the ways of RFA application in the left atrium

The ablation points are applied in a certain way in order to block the path of the pathological focus of the conducting system, which generates pathological electrical impulses.
Figure 4.6 shows a mathematical map of the left atrium in two positions from the front and the back. Also, the navigation system displays the position of the catheters in real time. White dots mark the point where ablation was applied during the operation.
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Figure 4.5– Mathematical map of left atrium from front and back with ablation points plotted

For this, the doctor, having an anatomical map of the left atrium in front of him, applies the ablation points in the appropriate ways: around the upper left pulmonary vein, the right upper pulmonary vein, around the lower left pulmonary vein, the right lower pulmonary vein, and the septum.
Figure 4.7 shows a diagram representing the segments defining the developed RFA lines. The pulmonary veins on the roof of the left atrium connecting the left superior pulmonary vein and the right superior pulmonary vein and the septum and then to the mitral annulus, the left superior pulmonary vein, the right superior pulmonary vein. On the basis of the presented scheme, in the EnSite NavX software, the developed RFA lines were plotted on the created mathematical map (Fig. 4.8).
[image: ]
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)Figure 4.7 – Schematic representing the pathways that determine RFA application
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)The paths of applying radiofrequency ablation were plotted on the mathematical map and the length of these paths was determined, which are presented in Figure 4.8 in order to optimally choose the RF parameters and determine the number of ablation points needed in this area to neutralize, that is, get rid of the pathological electrical impulse.
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Figure 4.8 – Ways of applying RFA in the EnSite NavX navigation system

The ablation points are plotted in the EnSite NavX navigation system on the generated mathematical map, which are shown in the white circle in Figure 4.9. When RFA is performed to isolate the pulmonary veins, it is necessary to apply RFA lines around each vein.
 The ablation points must be applied correctly, that is, not to leave a lumen, which then becomes the reason for the restoration of the conduction of the pathological impulse.

[image: ]
 (
6
2
)Figure 4.9 – Model of the left atrium with RFA points. The option of restoring the conduction through the gaps between the points
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)In the EnSite NavX software, you can set the size of the ablation point (Fig. 4.10). In order to correctly display all ablation points, it is necessary to correctly set the diameter of the ablation point.

[image: ]
Figure 4.10 – Ablation points of different diameters on the mathematical model and setting the diameter

The diameter of the RF spot on the model should have the actual size of the diameter of the destruction zone in the heart. Ade display of the real diameter will make it possible to prevent the formation of a lumen for a pathological impulse.

4.4 Determination of the diameter of the point-mark of RFA and the required number of points

Measurements of left atrial thickness were presented in subsection 4.1. Subsection 4.2 defines the RFA parameters for achieving this destruction thickness. For these conditions, it is recommended to choose the thickness of the heart wall in different zones of the left atrium for the diameter of the ablation point-labels (Table 4.5).
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)After an experiment on a pork heart, several ablation points were applied to it, and after making an incision, we could see the shape of the inflamed heart tissue. The shape and thickness of the ablation penetration. the shape of the burned part is similar to a circle with an incised top.
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)Table 4.5 – Diameters of ablation points-marks in different areas of the LP
	№
	LP region
	Radius ablation point-labels

	1
	The area in front of the ear
	1,98±0,25

	2
	Upper wall, left
	1,76±0,202

	3
	Upper wall, middle
	1,879±0,23

	4
	Upper wall, right
	1,66±0,25

	5
	Front wall, upper left
	1,373±0,16

	6
	Front wall, upper left
	1,384±0,22

	7
	Front wall, upper right
	1,44±0,23

	8
	Front wall, lower left
	1,454±0,18

	9
	Front wall, lower middle
	1,457±0,25

	10
	Front wall, lower right
	1,4317±0,31

	11
	Rear wall, upper left
	1,36±0,27

	12
	Back wall, middle top
	1,384±0,27

	13
	Back wall, first right
	1,345±0,21

	14
	Back wall, left middle
	1,358±0,23

	15
	Back wall, in the middle
	1,505±0,57

	16
	Back wall, right middle
	1,566±0,23

	17
	Back wall, lower left
	1,419±0,22

	18
	Back wall, middle lower
	1,331±0,21

	19
	Back wall, lower right
	1,558±0,21

	20
	Partition, higher
	1,365±0,23

	21
	Partition, medium
	1,29±0,23

	22
	Partitions, lower
	1,37±0,31

	23
	Side wall, higher
	1,364±0,29

	24
	Side wall, middle
	1,471±0,25

	25
	Side wall, lower
	1,457±0,22



When the RF lines are applied, the ablation points should be placed so that no gaps are formed, or at the junction of the ablation points, the cauterization thickness is very small, which will lead to the passage of a negative impulse, provoking a violation of the conductive system and penetrating deep into the tissue, the diameter of the ablation width decreases. Therefore, the ablation points should be applied with an overlap of 30% (Fig. 4.11).
 (
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4
)In addition to the size of the ablation point, the distance between the points or the percentage of their overlap is important to avoid a lumen for pathologic impulses. The part of the myocardium where the ablation point is applied is schematically presented (Fig. 4.13, a) and the application of both points, how to correctly apply RFA points with 30% overlap

[image: ]
Figure 4.11 – Scheme of a) ablation point; b) correct placement of the two ablation points

Knowing the percentage of overlapping points and the dimensions of RFA paths, the number of necessary ablation points for the four pulmonary veins and the connection between them was determined.
Figure 4.12 shows a mathematical map of the left atrium with measurements of the diameters of the pulmonary veins, the average value of which is: upper right 69±0.45 mm, lower right 73±0.58, upper left 63±0.47 mm, lower left 67±0 .68 mm and the connection between the pulmonary veins is 47±0.43 mm.

[image: C:\Users\Victoria\Desktop\1\1\8_IMAGE_000012.jpg]
Figure 4.14 – Mathematical map of the left atrium with RF lines
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 (
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5
)This length is necessary to determine the optimal number of ablation points. That is, so that there is no overlapping or formation of lumens when RFA is applied. Therefore, after calculating the number of ablation points for each of the RF lines, they are presented in table 4.6.

Table 4.6 – Calculations of the number of ablation points for RF lines
	LP region
	RF line length
	The diameter of the ablation point
	Number of points

	Upper right
	69±0,45
	2,84
	24,29

	Lower right
	73±0,58
	2,86
	25,52

	Upper left
	63±0,47
	2,7
	21,95

	Lower left
	67±0,68
	2,87
	23,34

	The connection between the pulmonary veinsми
	47±0,43
	4,2
	11,19



Having this information in front of him, the doctor can apply the optimal number of ablation points around the pulmonary veins without leaving a lumen, which can lead to the restoration of the passage of the negative impulse.

Conclusions to chapter 4

The capabilities of computer tomography were used to determine the morphological characteristics of the myocardium and the morphometric parameters of the destruction zone, necessary for effective and safe RFA.
Among the morphological characteristics:
1) the thickness of the wall of the left atrium according to the data of 26 anatomical zones (on average from 1 to 4 mm: the area in front of the ear - 2.10±0.41mm, the back wall - 3.13±0.53mm, the front wall - 2±0, 55mm, upper wall – 2.17±0.61mm, partition – 1.92±0.42mm, side wall – 2.08±0.48mm);
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)2) the distance from the back wall of the heart to the esophagus (average value – 1.74±0.24 mm, with a direct abutment of 0.5 mm).
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)3) diameters of the pulmonary veins (right upper 69±0.45 mm, right lower –73±0.58, left upper – 63±0.47 mm, left lower – 67±0.68 mm and the connection between the pulmonary veins – 47±0.43 mm.).
The obtained measurements of the morphological characteristics of the myocardium were included in the further analysis of the morphometric parameters of the display of the ablation zone on the electroanatomical map of the heart in the Ensite VelosityNavXsystem. These include:
1) The depth of RF destruction in different zones of the left atrium, which is equal to the thickness of the heart wall. And also the duration of the application at different power values ​​to achieve transmurality (ablation exactly to the thickness of the heart wall, no more, no less).
2) The diameter of the point-label of radiofrequency ablation on the anatomical model of the heart, which should correspond to the real data of the size of the destruction.
3) The percentage of overlap of RFA points for the formation of an effective transmural line between the atrium and the pulmonary veins, which is important for blocking the passage of pathological impulses (experimentally substantiated and determined 30%).
4) Estimated number of ablation points around each of the four pulmonary veins to standardize the evaluation of the effectiveness of the procedure (upper right – 24.29, lower right – 25.52, upper left – 21.95, lower left – 23.34 and the connection between pulmonary veins - 11,19).
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)CHAPTER 5
OCCUPATIONAL HEALTH

This section deals with occupational health and safety regulations and measures in a laboratory designed for cardiac surgery, which will be aimed at eliminating potentially harmful and dangerous production factors that, under certain conditions, can negatively affect the human body in the process of using the results of this thesis. The laboratory is designed for testing the developed method.

5.1 Plan of the laboratory

Figure 5.1 shows the plan of the laboratory. 



Fig. 5.1 Plan of the laboratory
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)Table 5.1 - Conformity of room parameters to standards according to RTM 42-2-4-80 "Laboratory by type of operating unit. Rules of operation, safety techniques and industrial sanitation"
	Object
	Characteristic

	Floor
	2

	X×S×В, м; S, м2; V, м3
	Laboratory
	11×8×4; 88; 352
	∑S = 112,6

	
	Pultova
	3×8,2×4; 24,6; 98,4
	∑V = 450,4

	Laboratory walls
	Covered with light green ceramic tiles

	Floor
	Covered with non-static linoleum

	Door
	They open outwards

	Ceiling
	The surface is matte

	Number of employees
	4



Table 5.2 – List of titles on the laboratory plan
	Name of the element
	Characteristic
	Position number on the diagram

	Sterile transport table
	0,8 м  0,8 м
	1

	Hanging console with equipment (2 pcs)
	0,8 м  0,8 м
	2

	A table with a rotating X-ray unit
	Toshiba Infinix CC-I, 220-380 В / 50 Гц, 80/65 кВт
	3


	Hanging console with monitors
	1,5 м 1 м
	4

	Surgeon's chair
	0,5 м  0,5 м
	5

	Medicine cabinet
	1 м  0,7 м
	6

	Table
	1,5 м  0,7 м
	7

	Monitor(4 piece)
	Hewlett Packard M7721
	8

	Operating computer (2 pcs.)
	Hewlett Packard M7721, 220-240 В / 50 Гц, 40 Вт
	9

	Chair-armchair (3 pcs.)
	0,5 м  0,5 м
	10

	Hanger
	0,5 м  0,2 м
	11

	Protective glass
	6 м  3 м
	12

	Lighting lamp (8 pcs.)
	PVLM-R, LDC 20, Illumination 820 lux, Power 20 W
	13

	Battery (3 pcs)
	Cast iron radiator MS-140, Heat flow - 160 W
	14
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Sна 1особу =(112,6-(0,8∙0,8∙1+0,8∙2∙1+1∙0,7∙1+1,5∙0,7∙1+0,5∙0,2∙1))/4=27,1 м2,
Vна1особу=(450,4-(0,8∙0,8∙1+0,8∙2∙1+1∙0,7∙2+1,5∙0,7∙1+0,5∙0,2∙2))/4=111,4 м3.

Table 5.3 – Compliance of the laboratory layout with the norms
	Parameter
	Real values
	Normative values

	Area for 1 person
	27,1 м2
	no less 6 м2

	Volume for 1 person
	111,4 м3
	no less18 м3

	The distance from the walls to the operating tables
	>1,5 м
	no less 1 м

	Distance from walls to medical equipment
	>1,5 м
	no less1 м

	The width of the doorway
	1,2 м
	no less1,1 м



The parameters of the laboratory in question correspond to the established standards, which ensures safe operation of the premises.

5.2 Assessment of dangerous harmful factors

Dangerous and harmful factors that are present in the laboratory are listed in table 5.4.

Table 5.4 - Dangerous and harmful production factors
	Physical factors
	X-ray radiation

	
	Radiation dust

	
	Noise and vibration

	
	Microclimate

	
	Microclimate

	Biological factors
	Pathogenic microorganisms
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)5.3 Radiation safety when working with an X-ray complex

The laboratory department uses the Toshiba Infinix CC-I x-ray complex, 220-380 V / 50 Hz, 80/65 kW, for RFA. During his work, not only patients are irradiated, but also staff, including the equipment engineer.

Table 5.5 – Characteristics of radiation parameters and protective parameters in a laboratory designed according to the type of operating room
	Parameter
	Real values
	Normative values

	Category A. Persons working in the operating room, mR/h
	1,3
	небільше 1,3 

	Category B. Persons working in premises adjacent to the operating room, mR/h
	0,325
	небільше  0,325

	Floor thickness, m
	0,35
	неменше 0,3 

	Thickness of lead protection, mm
	3,5
	неменше 2



Let's calculate the attenuation coefficient of X-ray radiation according to formula (5.1):
                                        (5.1)


	
According to the calculated coefficient, we choose protective parameters in the laboratory.
 (
71
)

 (
Изм.
Лист
№ докум
.
Підпис
Дата
Лист
БМ93.
08
.2605.5223.ПЗ
)Table 5.6 – Protection measures when working with an X-ray unit
	Type of protection
	West

	Technical measures
	shielding the room;
visors made of leaded glass;

	Organizational measures
	distance protection;
time protection;
briefings;
control of the permissible dose.

	PPE
	about lead capes on the neck;
leaded aprons, gloves, skirts.


[bookmark: _heading=h.3znysh7]
According to the normative values, the protection indicators meet the requirements, however, subject to the use of lead capes and aprons.

Conclusions to chapter 5

In this section, the plan of the laboratory developed for testing, developed in the type of electrophysiology operating department, is considered. Such sections were described as: means for effective operation of the operating room, microclimate, lighting, noise, danger of electric shock and fire safety, an evacuation plan was developed. Based on the analysis of the obtained data, it is noticeable that all indicators of the microclimate meet the norms. Lighting and temperature conditions are corrected with the help of artificial sources if necessary. The necessary thickness of the lead layer is calculated according to the radiation.
It can be concluded that the laboratory complies with occupational health and safety regulations.
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)CONCLUSIONS

The work addressed the urgent task of improving visualization of the heart anatomy adapted to catheter radiofrequency ablation of arrhythmogenic tissues by developing an algorithm for segmentation of computer tomography slices, determining the morphological and morphometric characteristics of the destruction zone, and implementing the method of combining the segmented model with the electro-anatomical map of the heart chamber to increase safety and ablation efficiency.
The following results were obtained:
1) A review of modern technical methods of cardiac imaging was conducted, which substantiated the importance of combining a segmented 3D model of the left atrial chamber, the mouths of the pulmonary veins and the esophagus with an electro-anatomical map of the heart, which will provide visualization of the anatomical structure, areas of localization of arrhythmia, the location of the catheter and ablation points, will increase the efficiency and safety of RFA.
2)An approach and a plan for conducting RFA with EnSite Verismo software (St. Jude Medical, USA) is proposed, which consists in combining a segmented model and an electro-anatomical map in the EnSite NavX system (St. Jude Medical, USA) for further performing radiofrequency ablation on them.
3) In the course of working with an anatomical image in DICOM format for segmentation and accuracy assessment, the peculiarities of the display of anatomical structures on CT cross-sectional images were studied. After studying the principles of the EnSite Verismo software, segmentation algorithms were developed that had features for the left atrium, pulmonary veins, and esophagus.
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)zones. The combination of two maps improves the visualization of the catheter RFA procedure, increases its efficiency and safety.
5) The possibilities of computed tomography have been adapted to determine the morphological characteristics of the myocardium, necessary for effective and safe RFA: the thickness of the left atrial wall, the distance from the back wall of the heart to the esophagus, the diameters of the pulmonary veins.
6) The obtained measurements of the morphological characteristics of the myocardium were included in the further analysis of the morphometric parameters of the display of the ablation zone on the electroanatomical map of the heart in the Ensite VelosityNavX system. These include: the diameter of the point-label of radiofrequency ablation on the anatomical model of the heart, which must correspond to the real data of the size of the destruction; the percentage of overlap of RFA points for the formation of an effective transmural line; estimated number of ablation points to standardize the evaluation of the effectiveness of the procedure
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CATK1PURAPAIUL AWM 1OULaMH 3 HABAN 1 A/NCHIM UGS KALIIMHIA UHMILLIUMLS LAU
Ta i3 cummoTomMamu IXC; mepel MpoBeleHHAM iHBA3MBHOI pPeHTTeHiBCHKOL
KopoHaporpadii 111 BCTAHOBIEHHs JOKami3alii Ta BHPaXKeHOCTi KaNbIHMHO3Y i
CTeHO3y y BiHIEBHX apTepifiX; ICI MPOBEIEHOrO CTEeHTYBaHHs (IIyHTYBaHHS) JULL

BHKJIOUEHHs pecTeHo3y (IIPH HasgBHOCTI KIiHIYHHX JaHHX) [5, 21].

a 6
PrcyHok 1.3 — KT 300pakeHHs B po3pi3ax: a) ONePeIHOMY ;

6) HOB3JIOBXXKHBOMY
3 HasABHOI cepii 300pakeHb MOXKHA NMOOYIyBaTH TPHBHMipHe 300pakeHHs abo
OTpHMATH 3pi3H (pHC. 1.3), 3p00IeHi B JOBIMBHIX IUIONIMHAX, BiIMiHHIX BiJl INTOIHHI

BHXiZHOTO cKaHyBaHHA [4,6]. JlaHa cepis 3pi3iB 36epiraetbca B DICOM dopmari.
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TKaHHH 3 BHKOPHCTaHHAM ()i3HYHOTO SBHINA SIePHOTO MAarHITHOTO pe30HaHCy [43].

Tleif METOX JI03BONIAE ONEPIKATH BIHCOKOKOHTPACTHE 300pakeHHs TKAHHH Tila
(puc. 1.4), i TOMy 3HaXOZHTh IIMPOKe 3aCTOCYBAHHS y Bi3yali3amil TKaHHH cepId Ta
BaXIHBHX OPraHiB SKi PO3TalIoOBaHi IOpPSN (CTPABOXiN, IeTeHi) IPH IpoBeleHi

omepantii PYA s nikyBanas OIL

PrcyHOK 1.4 — MPT 300pakeHHs TPyIHOI KIIITHHH

IIix gac oGcTesxeHH JII0IHHA 3HAXOUTecs BcepenHi anapata MPT, MarHiTHe
IoNe THMYAcOBO i€ Ha BCi MONEKYIH BOIH opraHisMy. B meil wac pamioxBmmi
CKaHYIOTh CHIHAJII 3 IIHX MOJIEKYI i pOPMYIOTh MarHiTHO — pe30HAHCHE 300paKeHHs.
MargziTHe Tonme i pamioXBHI, IO 3acTOCOBYIOThCS min dac MPT € aGcomoTHO
HeIIIKiTHBHMII 715 TOJCHKOTO OpTaHi3My, IO POOHTS Ieil MeTo ] 06CTeKeHHs TaKIM
TONYISPHAM. 3a JOIOMOTOK MAarHiTHO — pe3oHaHCHOI ToMmorpacdii mikap 3moxe

OOCTeXNTH Ta OTPHMATH BHUEpIHY iH(pOpMalilo Hpo CTaH HEpBOBOI CICTEMH, =
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B nporpamHOMY 3abe3nedeni Ensite Verismo qis BHAiTeHHS o6IacTell, B SKHX

N 3HAUeHHA ACKPAaBOCTI MiKCeliB MOXe 3MiHIOBAaTHCA B IMeBHOMY Hiama3oHi (tl <t2).
IpuHmmn fforo 1ii monfdrae y IOmiKcensHOMY aHami3i 3o006pakeHHs [27, 11].

IHTEHCHBHICTh KOIBOPY MiKCeNs BHXITHOTO 300pakKeHHS PO3PAaXOBYEThCA 32

- HACTYITHHM 3aKOHOM:

0,f(m,n) = ty; N
fmmn) ={1,t; < f(mn) < t; (1.1)
0,f(m,n) > ty,

JIe m, N — KOOP/IHATH TKCITens,
f1a f — iHTeHCHBHICTH MiKCeId BilIOBINHO BXiTHOTO Ta BHXiIHOTO 300paKeHb,
- t; Ta t; — miama3oH IHTEHCHBHOCTi KOJNBOPY IIKCeNs BXiTHOro 300pakeHHs, IO
BiIOBiTae MaKCHMABHIil iHTEHCHBHOCT] KOIBOPY Ha BHXiJHOMY 300pakeHHi.
3BIYAHO Mae MiClle IleBHe CIIOTBOPEHHS, IPOTe ONepPaTop MOXKe BHECTH
) KOPeKTHBH B aHATOMiuHy 6yaoBy. ToOTO MOXIHBO OYIH 3aXOIUIeHi iHINi CTPYKTypH
SKi HAC Ha JaHH{l MOMEHT He IiKaB/ATh, a00 JK HABNAKI NeBHA JAaCTHHA TOTO Uil
iHIOro opraHy un TKAHHHII He BiloOpaxaloThcs. TOMy OIepaTop B pydHY MOiKe B
° HECTH BCi HeoOXiIHI KOPEeKTHBH B BiNOBiIHY Mozens. OTpuMaHa 3D aHaToMiuHa

KapTa OCBITIIOE BCi OCOOIHMBOCTI aHATOMIYHOI GYMOBH CTPYKTYp CepIs Ta HOpST

pO3TamoBaHuX opraHiB. TPHMipHY aHATOMIUHY MOJeNb CTBOpeHY B Ensite Verismo [~]
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Obtaining and saving CT slices
of the patient, in DICOM format.

Uploading grayscale images to

EnSite Verismo software

Construction of a 3D model of Export of the built three-

- anatomical structures of the heart, dimensional model to the
pulmonary veins and esophagus EnSite NavX system (St. Jude
by segmentation of CT images Medical, USA)

Combining the segmented model and the

electro-anatomical map in the EnSite
- NavX system for subsequent

radiofrequency ablation on them

Pucynok 2.3 — Anroput™ BuKoHaHHS PUA

CyMileHHs 1BOX Mozieeli GiIbIT TOUHO BinoOpaae aHATOMIUHi OCOOIIBOCTI

JiBoro nepexncens (JIII) Ta DO3TAIIVBAHHS {HIIIX aHATOMIYHHX CTDVKTVD (JIereHeBi [
ssibilty: Investigate = —— -+ 10
1:07 PM
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MeTOIH i MEeTOH BHJINeHHS MeX 3aCTOCOBYIOThCS [N KOHTPACTHHX 300pakKeHb i
MOJKyTh OyTH BHKOPHCTAHI JUIS aHANi3y 300paxkeHb 61006’ €KTiB. V 3B 3Ky 3 THM, IO
Ha KT-300pakeHHAX aHATOMiUHI CTIPYKTYpH BigoOpaxkaroTbcsi y BHIIAII
BHCOKOIiHTEHCHBHIIX 00’ €KTiB Ha JOCHTB OJHOPiTHOMY ()OHI, U1 IXHBOTO BHAITEHHT
JIONiMBEHO BHKOPICTOBYBATH IIPOrpaMHi 3a0e31IeueH s Ha OCHOBI TPAaHHYHMIIT MeTONT 3
ABTOMATHYHIM BHOOPOM I'PaHHYHOTO 3Ha4YeHH: [37].

TIobynoBa GiHapHOI (YHKIII JUIS BIIiNEHHA KiCTKOBHX CTPYKTYp TDaHHYHHM

METOZIOM IIPOBOJHTRCS 3TiTHO HOPMYII:

Lf(mn) =t

Hm, ) {O,f (mmn) <t,

@2.1) (]

ne F' — KT-300pakeHH MicyIA II0IepeJHb01 06poOk; T — mopir GiHapm3armii.
Bu3HAaUeHHA 30HHI yBarll 1O INPOBENEHHsA KiTBKICHIX pO3DaXyHKIiB Ta
Bi3yanizamii OTpHMAHHX pe3yNbTaTiB JO3BOIAE MO30YTHCA iCHYIOWIX MpoOIeM Hpi
mpoBezieHi PYA. J{is 1{bOT0 BHKOPHCTOBYBAIH CeTMeHTALlif0, O 300pakeHHs Ha
007acTi, A1 AKHX BHKOHYEThCS IeBHHIT KpHTepiil ogHOpimHOCTi. ITOHATTS ob6macTi
300pakeHHs BHKOPHCTOBYBAnacs [Uls BH3HAUEHHs 3B’SI3KOBOI TIPYIH eleMeHTIiB
300pakeHHA, INO MaloTh IIeBHy 3araidbHy O3HaKy (BlacTHBicTB). Takoro
XapaKTepHCTHKOIO € CKPaBicTh. OJHHUM 3 HafiGLIbII IPOCTHX i IPHPOIHHX CIOCOGIB

BHSABIEHHA 00’€kTa ab0 00’eKTiB € BHOIp IOpory 3a sCKpaBicTIO IikcemiB, a6o
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PrcyHok 3.2 — Anroput™ HoGyI0BH JIIBOTO Ilepeicep i B IPOrpaMHOMY

cepenosumi EnSite Verismo.

Jlnsa yemimzoro Ta edekTHBHOTO JTikyBaHHS OII TOCHTH BaXKIHBO 3HATH BCi

0COOIMBOCTI aHATOMIYHOI OYIOBH JIiIBOTO IepeIcep I KOKHOIO MallieHTa.
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PrcyHok 3.6 — Alroput™ HoGyI0BH CTPaBOXOIy B IPOrPaMHOMY CEePeIOBUI

50

EnSite Verismo.

3. Bubpartn To4Ky B HeoOXimHill o6macTi.
3aBISKH PO3MEIKYBAIBHIIM KOHTYPaM Pi3HIX aHATOMIUHHX CTPYKTYp Ha CIpHX

- KT 3niMKaX, 06paH TOUKy B IEHTpi 001aCTi po3TalllyBaHHS CTPaBOXOAy. JJaHy TOUKY

rhizveunams o AN MATANATITIARA TARAnisy (francyarca) moae ma b mamii afmacTi [

sibilty: Investigate = —— -+ 10
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PrcyHok 3.9 — AJNTOpHTM CyMIIIEHHS CeTMEHTOBAHHX MOJIeNIel Ta eleKTpo-

aHATOMIYHIX KapT KaMep cepIld B HaBiramiiiHiii cucremi EnSite NavX

BoHI TakoX BHKOPICTOBYBAINCH HpH abmamii ¢ibpusmii mepencepas, mob
TIPaBHJIbHO BH3HAUNTIH aHATOMIIO Ta PO3TAIIyBAHHS JIETeHEBUX BEH, a TAKOK {HIIIX
N CTPYKTYp, TaKHX SK CTpaBoXix [9]. JlociiDkeHHs MoKa3al, 0 BOHH ITiIBHITYIOTh

Gesmeky Ta edheKTHBHICTh IpollexypH. EleKTpoaHoManpHa KapTa CTBOPIOETHCS []
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TOMY 3 Li€Z0 MeTO10 GyIia CTBOPeHa aHATOMiUHA TPHMipHAa MOJIelNk JTiBOTO Iepeiceps,

z Ta JIBOTO IIUTYHOUKA.

/I

a 6
Pucynok 3.10 — EnekTpoakTHBaliiiHa KapTa JIiBOTo Iepecep s, CTBOpeHa

- Ensite NavX (3miBa: mepe/JHili BUIIIAN, CIIpaBa: 3aIHiil BUITIAL).

3aBaHTaKIBIIN TPHMIPHY MOJIENIb JTiBOTO IepeJicep i Ta TiBOr0 MITYHOUKa SKa

- cTBopeHa B EnSite Verismo, B Hapiramiitay cucremy EnSite NavX. 3aBaHTaKHBIIN

TPHMipHY MOJIeNb JIiBOTO Iepeicep i AKa cTBopeHa B EnSite Verismo, B HaBiramiiiny

cucremy EnSite NavX. B Hapiraniiiniii cucremi EnSite NavX MoXHa IIpOBECTH po3pi3

- 300paxkeHHA B Oynp AKifl mpoekmii. 3aBIIKH IBOMY MOXKHA OLIHHTH OCOOJHBOCT
GyIOBH aHATOMIUHHX CTPYKTYP.

R h
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3aBaHTaKIBIIN TPHMIPHY MOJIENIb JTiBOTO IepeJicep i Ta TiBOr0 MITYHOUKa SKa

- cTBopeHa B EnSite Verismo, B Hapiramiitay cucremy EnSite NavX. 3aBaHTaKHBIIN
TPHMipHY MOJIeNb JIiBOTO Iepeicep i AKa cTBopeHa B EnSite Verismo, B HaBiramiiiny

cucremy EnSite NavX. B Hapiraniiiniii cucremi EnSite NavX MoXHa IIpOBECTH po3pi3

- 300paxkeHHA B Oynp AKifl mpoekmii. 3aBIIKH IBOMY MOXKHA OLIHHTH OCOOJHBOCT

GyIOBH aHATOMIUHHX CTPYKTYP.

R

B a 6 -

PrcyHok 3.11 — 3D Mozens a)ITiBoro MITYHOUKA, 0) IiBOTO Iepefcepis

- Ha prcyHky 3.11 306paxeHo 3D Mofelb IiBoro mepejcepis I NpOBeleHHs
PYA. Jlami po3MicCTHBINH JBi KapTH (pealbHy Ta MaTeMaTIYHY) B OJIHiil IIpoekuii Ha

OZIHOMY JHCILTe].

10
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CKopHCTaBIINCh (yHKIieI0 OneMap ska T03BOIAE CYyMICTHTH JBi KapTi. Jins
CyMillleHHs AHATOMIYHOI Ta MaTeMaTHYHOI MoJelmi, BiIOBITHO 3amae TOUKH

cymimenHs (puc. 3.12). JlaHi TOUKH 06HpANHCS i 3aJaTHCs OePaTOPOM.

PrcyHOK 3.12 — 306pakeHo0 3D aHATOMIYHOI KapTH Ta MaTeMaTHIHOI Ha SKIX

3a1aHi TOYKH [T 00’ €THAHHSA

SIK pe3ynbTaT OTPHMYEMO aHATOMIUHY KapTy fKa BiloOpaKa€eThCs HA PHCYHKY
3.13 GinbII TOYHO BinoOpakae aHATOMIUHI 0COOIHBOCTI CTPYKTYP JIBOTO Mepencepas

Ta JIBOTO IIUTYHOUKA.

Pages20f81  14432words L% Ukrainian ccessibility: Investigate

413PM
6/7/2023

) ENG




image30.png
=] Qinimonosa_ MAL1 (1) - Word

File  Home Insert Design Llayout References Mailings Review View Help @ Tell me whatyou want to do
@ GET GENUINE OFFICE Your license isn't genuine, and you may be a victim of software counterfeiting. Avoid interruption and keep your files safe with genuine Office today. Get genuine Office Learn more x
. N N R R RN T ST PN R

PrcyHOK 3.12 — 306pakeHo0 3D aHATOMIYHOI KapTH Ta MaTeMaTHIHOI Ha SKIX

3a1aHi TOYKH [T 00’ €THAHHSA

SIK pe3ynbTaT OTPHMYEMO aHATOMIUHY KapTy fKa BiloOpaKa€eThCs HA PHCYHKY
3.13 GinbII TOYHO BinoOpakae aHATOMIUHI 0COOIHBOCTI CTPYKTYP JIBOTO Mepencepas

Ta JIBOTO IIUTYHOUKA.

a 6
Pucynok 3.13 — Cymimeni 3D aHaTOMi4HOI Ta MaTeMaTHYHOI KapT a)IiBOro

IITyHOUKa 6) TiBOro mepezncepms

CyMimeni aBi kapTH iHQOPMYIOTP Iikaps IPO OCOGNHBOCTi AHATOMiUHOI
GyI0BH, Je pO3TAIIOBaHi TeTeHeBi BeHH, BYIIKO, CTPABOXiJl. AJUKe IpH IiKyBaHHI OIT

HeoOXiNHO 3HATH BCi 0COGMMBOCTI aHaTOMiuHOi GvioBm. KoxHa KapTorpadiuxa hd
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1: LAA base 5: Anterior wall, left superior 11: Posterior wall, left superior 20: Septum, superior
6: Anterior wall, middle superior 12: Posterior wall, middle superior 21: Septum, middle
2: Roof, left 7: Anterior wall, right superior 13: Posterior wall, right superior 22: Septum, inferior
3: Roof, middle 8: Anterior wall, left inferior 14: Posterior wall, left middle
4: Roof, right 9: Anterior wall, middle inferior 15: Posterior wall, middle middle  23: Lateral wall, superior
10: Anterior wall, right inferior 16: Posterior wall, right middle 24: Lateral wall, middle
17: Posterior wall, left inferior 25: Lateral wall, inferior
18: Posterior wall, middle inferior
19: Posterior wall, right inferior
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Ha pucyHKy 4.3 mpejcTaBIeHa JiarpaMa, ska IOKAa3ye Jiala3oH KOTHBAaHHS

TOBIIHHH CTiHKII TiBOTO Iepezceps B KOXKHII i3 TocIikeHNX 25 30H.
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0 s 10 15 20 25 20

O6macti JIT

PrcyHok 4.3 — KoIHBaHHA TOBIIIHH CTiHKH JiBOTO Iepeceps 3a JaHIMH

KT (N = 6 manientis IV «HICCX IM M.M. AMOCOBA HAMHYV»)

JlocmiUKeHHS IIOKa3yloTh, IO BHMIpIOBAaHHA TOBIIMHH CTiHKH  SKi L
TpescTaBIeH] B Tabmumi 4.1 cTaHOBIATH Bix 1 0 4 MM. CepeHs TOBIINHA 00MACTi
Iepeq BYIIKOM CTaHOBHB 2,10+0,41MM, a 3amHA CTiHka Oyla HAHTOHIIOIO
3,13+0,53MM, mepeHA cTiHKa 2+0,55MM i BepXHs cTiHKa 2,17+0,61MM, IIeperopojka

1,92+0,42MM MM i Giuna cTiHKa 2,08+0,48MM.
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UMY B UULAULL UPIALAHE U JLUBULU LSPSALEP/UL IHIUNA dHdlUMIMHIA CIPDYRLYD a

caMe CTPaBOXOJIy, BaXKIIBO 3HATH BiJICTAHb MiXK HHMIL
Ha pucysKky 4.4 nokazaHo KT 300pakeHHs TiBOro mepejceps Ta CTPaBOXOLIY.
Byno nmpoBezieHe BUMiPIOBaHHS BiJICTaHi MiXK HHMH IUIS IIPOBeIeHHs JeCTPYKIii mo

3ajIHil CTiHI TiBoro mepencepas.

PrcyHok 4.4 — KT 300pakeHHs 3 BHMipaMH BiZICTaHi MiX JiBHM IlepeJcepIuiM -

Ta CTPaBOXOJIOM.

B rtabmuni 4.2 mOpuBedeHi 3HAUeHHA BHMIpPAHOI BifCTaHi MiK TiBHM

TiepesicepIIM Ta IITYHOUKOM JUIS TOCIiKyBAHIIX 6 HAIi€HTIB.
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l 4 l 5 } 3 } 7
s,
BI3HaYeHo, III0 CTPABOX1J 3HAXOMUTHCA Ha BUICTAH1 2-3 MM B1 3HBOI CTIHKIL

niBoro mepezncepas. CepelHe 3HAaUeHHs CTaHOBHTB 1.74=0,24mm. IIpoTe Moike
PO3TAIIOBYBATHCA 3 Ge3MocepeIHiM NPHIATaHHAM 10 TKAHIHII CepIls 6IH3bK0 0,5 MM.
Taxkox OyI10 IIpOBeIeHO BIMipIOBaHHA 06’ €My JiBoro mepezcepss. i MbOTo

B IporpaMHoMy 3a0esmedeni EnSite Verismo CKOPHCTABIIHCH IHCTpyMEHTaMH

- BHMipIoBaHHs (measurement tools) BH3HAUHIH 00’€M IiBOTO Iepecepas (puc.4.5),
TIPOBIBIIH IPAMi BUMipIOBaHHS BHCOTH Ta IIHPHHI 3D Mozei 1iBoro mepejcepas, Ta
HATHCHYBIII Ha «BHMIpATH 06¢AT» (Ineasure volume) oTpHMYy€eMO KilbKiCTh BOKCETIB

SIKI MICTHTB J{aHa MOZEIIb Ta 00’ €M JiBOTO Iepe/Icepid KMl CTAHOBHTH 195 cv?.

b e 22 03:13:23 Pn G 2010
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a 6
PucyHok 4.5 — a) KT 300paskeHHs JIiBOTO Tepejicepiid, 6) 3HaueHHs 06’ eMy

JIII.

OTpuMaHi BHMipIOBaHHS MOP(OJIOTiYHHX XapaKTepICTHK Miokapay (a came
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3TiHO HepIIoro 3aKOHY TEPMOIIHAMIKII Bifl JIii eeKTPITIHOTO CTPYMY TIPH
PYA BHHHKA€E eHepris TeIUIOBOI XBHII, IO CIPAMOBYEThCS Ha HarPiBaHHS

Miokapy[49]:

Qrra = Qheatiﬂy s

Qrra = PL,

Qneating = McAT,

pt = mcAT,
= m;AT’
m=pV
¢ pV}c’AT’

64

ne Q — rtemmo, JUk; m — Maca TKaHHHH Miokapna, kr; AT = T;-T»— 3MiHa

TemnepaTypu npu PYA, T; — Temneparypa Miokapaa (T1=37 °C), T, — TemmepaTypa

aherruRmod afmarii (Ta= 50 00Y: P _ marysenicrs. PU crnvmy. R t_ uac Rummy_c: []
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1.5 Management afier ablation

Within 48 h post ablation, all patients were subjected to a
control transthoracic echocardiogram, chest CT-scan (to

LAA
RSPV
LA roof
LSPV
‘ |
P4+
o \ =
m ¥
v \
LIpv el
posterior LA

2 Schema representing a posterior LA view with the eight
segments defining the designed RF lines. L4 Left atrium, L4 left
atrial appendage, LA/ left anterior and inferior, LAS left anterior and
superior, LIPV left inferior pulmonary vein, LPI left posterior and
inferior, LPS left posterior and superior, LSPY left superior pulmonary
vein, RAI right anterior and inferior, RAS right anterior and superior,
RIPV right inferior pulmonary vein, R/ right posterior and inferior,
RPS right posterior and superior, RSPV right superior pulmonary vein

Evale x ([8] Spat X (@ Dete X (@ Detc

3are x Bk Goe X so0:]

Parc X Parc X

of mild pericardial effusion (<8 mm) managed medically.
2.2 Validation of RF design lines

Depending on their location, design segments matched the
actual RF line segments in a proportion varying from 23%
up to 83% (Table 1).

The worst match w:
superior segment with only seven out of 30 segments (23%)
accurately drawn. This segment corresponds to the rim of
atrial tissue separating the LSPV from the LAA. Among the
remaining 23 inaccurately drawn segments, ten extended
within the LAA (Fig. 3). ten within the LSPV and three
were drawn within a portion of both the LAA and the
LSPV. The inaccurate segments extended a mean of 5.7+
2.4 mm beyond the LSPV ostium and a mean of 6.7+
1.8 mm beyond the LAA entrance. The second worst
matching segment was the left posterior/superior one, with
17 out of 30 segments (57%) accurately drawn.

For all non matching segments, inaccuracy corresponded to
an extension within the adjacent PV or LAA, but never outside
the 10mm width imaginary strips surrounding the PV on which
the RF lesions were actually deployed. Segments could extend
as deep as 12 mm within a given PV (3.822.3 mm on average).

When analyzing the results on PV basis, the percentages
of PV accurately encircled were 17% (5/30), 60% (18/30),
60% (18/30) and 50% (15/30) for the LSPV, LIPV, RSPV
and RIPV respectively.

observed for the left anterior/

0
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PrcyHok 4.8 — [1lnaxn HaHeceHHA PUA B Hapiraniiiniii cncremi EnSite NavX

Ha yTBOpeHiil MaTeMaTHUHili KapTi B HaBiramiiimiii cmcremi EnSite NavX
HAHOCATHCA TOUKH aOnAmii, AKi 306paxkeHi Ha pHCYHKY 4.9 6imuM Kpyrom. ITpm
BHKOHaHI PUA 14 i3011A11i1 IereHeBIIX BeH HEOOXiJHO HABKOJIO KOJKHOT BEHH HAHECTH
PYA mimii. Toukn abmanii HOBHHHI HAHOCHTHCS IIPABIJIBHO, TOOTO He 3aIHIIATI

TPOCBITYy, AKHil MOTIM CTa€ NMPHUHHOI BiTHOBIEHHS IPOBEIEHHS MATONOTidHOTO

immymeCy .|

@ PrcyHOK 4.9 — Mogens TiBoro mepezcepns 3 Toukamn PYA. Bapiant

Bi/THOBJICHHS IIPOBEJIeHHs Uepe3 IPOCBITH MiX TOYKaMH -

o B nporpamMHoMy 3abe3nedeni EnSite NavX MoHa 3a7aBaTH PO3MipH TOUKH
abmanii (puc. 4.10). 106 mIpaBHIBHO BiZOOPasHTH BCi TOUKH abMAmii BapTo

TIPaBHIIBHO 3aJaTH JiaMeTp TOUKH abIIAmil.
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BIARUBJICHAA LPUBCASHIA SOPTs HPULBILN MIA LUMKANMIL

B nporpamMHoMy 3abe3nedeni EnSite NavX MoHa 3a7aBaTH PO3MipH TOUKH
abmanii (puc. 4.10). 106 mIpaBHIBHO BiZOOPasHTH BCi TOUKH abMAmii BapTo

TIPABHIIBHO 3a/1aTH JiaMeTp TOUKH a6

10

69

Pucynok 4.10 — Touku abnAwii pisEoro giamMeTpy Ha MaTeMaTHUHii Mojerm Ta

3a/laHHA TiaMeTpy

JiameTp Toukn PYA Ha Mojielli TOBHHEH MaTH JiiCHIIT po3Mip HiaMeTpy 30HH ]
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72

a 6
PrcyHOK 4.13 — CxeMa a) TOUKH a6Inii; 6) IpaBIUIbHe PO3MIllleHHs TOYOK
- IBOX abAii
3HAIOWN BiJCOTOK HAKIAJaHHA TOYOK Ta po3Mipn mIIAXiB PYA BH3HaueHO
KiNBKOCTi HEOOXITHNX TOYOK aOMIALIT 1T JOTHPHOX JIereHeBHX BeH Ta 3’ €THAHHA MK
- HHMIL
Ha pucyHKy 4.14 mpelcTaBIeHa MaTeMaTHYHa KapTa JiBOro Ilepefcepis 3
BIMIpaMH JiaMeTpiB JereHeBHX BeH, CepeJHE 3HAUEHHd SKHX CTAHOBHTH: IpaBa

- BepxHs 69+0,45 MM, IIpaBa HIDKHSA 73£0,58, niBa BepXHS 63+0,47 MM, HIDKHA JiBa

67+0,68 MM Ta 3’€IHaHHS MiX JleTeHeBIMH BeHaMH 47%0,43 MM.
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