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The paper deals with processing of imaging datainbtl in the course of different medical examinatio
procedures, for use in applications focused on avipg both the diagnostic process of a patient el & extending
the training possibilities for medical personnebn@puted tomography (CT) data serves as the mamtsat structural
and volumetric information. Fusion with left vewtlar systolic function map, provides a vital infation on the state
of heart muscle. In parallel, the same set of cdegptiomography data is reused for simulation ofigrasophageal
echocardiography (TEE). The presented simulatitupsis used in the course of medical personnatitigi

1. INTRODUCTION

Cardiovascular diseases have been the major cdusertlity during the last 50 years. Almost
50% of all mortality cases in Poland are directlyralirectly related to different cardiovasculasekses
(CVD). According to WHO statistics, in 2009, neafly min deaths in European Union (over 4,3 min
deaths in European region of WHO) were attributeddnditions related to cardiovascular dysfunction
[1]. In Poland, in 2009, the number of deaths duedrdiovascular disorders was 177 965, with 83 613
males and 94 352 females. Among deaths causedrthpeascular complications, most were a result of
prior occurrence of myocardial infarction or strpldile atherosclerosis, hypertension were idedifhs
the most common risk factors.

According to data collected by European SocietyCafdiology, the estimated cost of CVD for
European economy in 2008, was calculated as 188rbiEuro annually, with more than half of the sum
attributed to direct health care [3]. Cardiovasculigeases are typically chronic in nature [2]. €aivthe
importance of providing patients with the accessnedical care that can minimize the life threatgnin
effect of CVD and enable them to function normaliyy increase in the overall costs is expected in
subsequent years.

Contemporary cardiology makes use of a number dalicaé tests that allow for diagnosis and
evaluation of the disease advancement stage. Steedan be divided into invasive and noninvasivd) w
invasive techniques usually providing a clearemwien the state of the heart and circulatory system.
Invasive examination, being more detailed, is tgycrequired when choosing an optimal treatmeri pa
for the patient. According to data collected by i$tolCardiac Society, in 2006, for 73 thousand
examinations, 1577 resulted in complications, V@th (0.45%) being fatal. Invasive methods not only
carry a higher risk of possible complications, &lgb are more costly from economic point of view.

For these reasons, noninvasive examinations methadkiding imaging techniques, are an
attractive alternative. Lower cost, limited amoohtpain or completely pain free, significantly reed
influence of patient's health; the noninvasive radthare preferred whenever possible. However, the
extracorporeal nature of these methods, resultsnar level of detail compared to invasive tesutess

Medical imaging has gone through a significant dgw@ent throughout the recent years, providing
a significant insight into structure and inner wagkof human body. Use of ultrasonography allowad f
registration and segmentation of moving structuvbde the examination is in progress, allowing al+e
time assessment of organ state. Most advanced abeelk@amination techniques such as Computed
tomography (CT) or Magnetic Resonance Imaging (M®hbined with computer aided post-processing
allows for observation of a patient’s body in thddmensions.
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Cardiology utilizes of a number of imaging methadgshe diagnostic process of heart diseases,
with USG and CT being in common use.

Assessment of resting and stress perfusion of mmgl@afunction in chronic ischemic heart
diseases is commonly done using stress echocaapiogrand perfusion scintigraphy (SPECT - Single-
photoemission computed tomography). Fusion of maguical data obtained in CT and functional
information from SPECT (perfusion at rest and sfredlows for comprehensive evaluation of location
and severity of ischemia, thereby increasing tlagmbstic and prognostic value of noninvasive imggin
techniques[4, 5]. Unfortunately, both examinatiaesult in increased radiation dose the patient is
exposed to. It has been proposed to replace furadtaata from SPECT used in the fusion proces$, wit
stress echocardiography as an alternative considater for the patient. To the best of our knogted
no studies of such fusion were published.

Detailed view on heart structures such as atribvega aorta or pulmonary artery can be obtained
using TEE USG. The examination process is invasivi the USG probe being inserted into patient’s
esophagus at certain depth. The discomfort brotmgkie patient and risk of complications resultsain
specialized simulator being the preferred trainmgthod. Unfortunately the commercially available
solutions allow only limited choice of the simuldtgevices and cannot be easily extended as needed.

The article is divided into two main sections, ffief which deals with image fusion and describes
an approach to fusion of CT and ECHO images, wheenext describes a training setup for USG image
simulation based on CT data. All CT data was ctdeéaising Toshiba Aquillion device at Clinic of
Cardiology, W. Biegaski Hospital in £6d.

2. HYBRID IMAGING AS A FUSION OF CT AND ECHO

This section presents an image fusion on a 3D madel captured in CT examination and a left
ventricular (LV) wall movement function analysistaimed from ECHO examination (echocardiogram
[8]) and explains the details of the implementatidrhe main goal of presented image fusion algorgh
is to provide a way of creating easy to use anditise model depicting heart morphology and funetio
Proposed software solution is based on an idea esfjimg simple, independently prepared, analysis
results into one, three dimensional image basea sanface heart model from CT examination.

Raw CT examination data set is prepared in DICAOB fbrmat [12] as a sequence of heart slices
images, each 0.5mm apart, with detailed positiamfarmation. DICOM files sequence is treated as an
input for segmentation algorithms to perform eximac of sections containing only the object of net.
Using intelligent thresholding processes [11] ipassible to extract the object of interest aslkecimon
of voxels representing its structure. Next steproposed solution algorithm is surface extractldsing
obtained collection of voxels it is possible to atee an Triangulated Surface Mesh without model
orientation and information on structure’s charaste points placement.

One of the most important aspects of images fusida prepare proper solution for both (CT and
ECHO) images mapping. Relative positioning of bottages can be achieved by use of orientation
points. A number of these points must be given raliyiin order to calculate object orientation, bath
three dimensional (3D) model space and plain (20HE as bull's-eye representation [8]. Proper qualit
of mapping process can only be assured if thearéer points are placed carefully. For this reatios,
choosing and marking of orientation points is peried by experienced medical personnel. To achieve a
balance between usability and accuracy of mappimegnumber of points required for object orientatio
can be adjusted, with at least 3 points being #griired minimum. Final algorithm, which is last of
sequence presented in Fig. 1, is texturing. Custexturing is prepared to merge those two differen
domain (3D and 2D) images into one interactive viBy using prepared reference points it is possible
map all points of volumetric 2D image from ECHOo®D LV model structure (see Fig. 2).
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Fig. 1. Image fusion algorithm flow.

Fig. 2. Images set of CT and ECHO fusion, from [80:LV model, bull's-eye ECHO diagram, image fusiesult.

3. TEE SIMULATOR

The following section describes an appliance fonudation of USG heart imaging, which is
developed as a part of an interdisciplinary projestween Technical University of tédcaind Medical
University of Lod. The research focuses on simulation of transegmathaechocardiogram (TEE),
a USG procedure in which a probe is inserted imatitept's esophagus, so that a clear image of & tear
be obtained. The procedure needs to be carriedyutained personnel, where a supervised training
process involves performing on patients. A simulgackage is a welcome enhancement to the training
process [6, 7], and although a number of comméycialvailable simulators are available, an
independently developed one has a unique advarghdeing easily extensible to support multiple
scenarios and equipment configurations, while memdpclosely tied to a solution from a single vendo

The described TEE simulation package is composedwof elements: a software application
running on a host PC, and a hardware probe emulator

3.1.ULTRASOUND IMAGE SIMULATION

USG image simulation is performed using a deskfggieation. Input data is provided in form of
DICOM format files containing a sequence of sliesn CT examination, all 0.5mm apart. The spatial
information provided in input files allows for ptisning of slices with respect to each other and
reconstruction of a complete scan sequence.

Visualization toolkit (VTK) library [13], a populamedical data visualization package, is used for
both presentation and manipulation of the imagiatd
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Fig. 3. Side by side comparison of CT and simul&t&® image.

An example of simulated USG image is shown in Biglt was concluded that a simple histogram
adaptation (pixel brightness transformation withe usef a predefined transformation function)
is a sufficient initial step, as the CT imaging alahares many of the characteristics of a USG image
(blood/tissue interfaces, organ visibility), yetaifferent brightness levels (blood in CT is htigin
contrast to dark pixel values in USG). Similar eggeh was used in [14], where it was also founteo
sufficient. The implementation can be easily immaby use of GPU accelerated LUT based color space
transformation.

A sample of simulated USG images was positivelesssd by the medical personnel as sufficient
for use in the training process. No quantitativeeasment was carried out yet.

The resulting images lack some features typicallyntl in USG imaging, with artifacts and noise
being the most visible ones. An acoustic wave gardrby the probe, traveling through human body is
subject to reflection and scattering. A number addels for simulation of these effects have been
proposed, both purely synthetic and empirical oAesynthetic model [16], although accurate prowes t
be computationally unfeasible for interactive apgtions. On other hand, access to cheap computing
power on GPUs resulted in interactive applicatigmeyiding accurate simulation quality with accdyba
computational cost [8].

For the purpose of this research, we have decmedd a naive, ray based simulation model where
reflections and scattering are both in linear retato the gradient of pixel brightness. More sasgibated
solution that will provide a better level of reatiss under development.

Having access to CT slice data, and the necesgatial information, both a reslicing of the image
stack at an arbitrary location and a reconstruatifom 3D structure of the scanned region is possisé a
training application, presentation of both the potion plane and a 3D data is helpful for improvihg
trainee's orientation.

An example of such view is shown in Fig. 4.
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Fig. 4. Simulated USG image and 3D probe planentatsn volume.

A probe image registration plane is clearly markedhe scene (red face with green bevel),
allowing the trainee to observe the probe’s loggtiwhat stands in contrast to the conditions a real
examination is performed in. Having the esophaguggrly positioned in each of the CT slices, the
virtual probe location can either follow a predefinpath along the esophagus or can be arbitrarily
position inside or outside of the body.

As a part of training device the application mugiiide the necessary level of interactivity. The
visualization and simulation processes are perfdrimeeal-time. For this reason some adjustmentiseo
level of detail of CT data had to be made. As olesrin [15], the reconstruction of 3D data using
marching cubes can be memory costly, thus rendefimiyobe orientation view on lower-end graphical
units became prohibitively time consuming. Thisdlea initial pre-processing of CT images, where
downscaling of source images was performed. Ragulitblume reconstruction from size reduced image
data took significantly less memory.

The application, written in Python, can be easkteaded to accommodate new functionality. For
the purpose of training, implementation of transtleec echocardiogram (TTE), 1D USG or simulating
a probe with another registration pattern candrgedvith low effort, proving to proposed solutianiie
an attractive training platform.

3.2. TEE SIMULATOR DEVICE PROBE

The main hardware component of a TEE simulatiotfgria is a probe device, depicted in Fig. 5.
TEE simulation requires the information on the 383ition of the probe. The distance of the probeac
with respect to the incisors is measured by usdtcdsound distance sensor. The rotational daieh,p
yaw and roll, is calculated by processing the negsliobtained from accelerometer, gyroscope and
magnetometer.

The main board equipped with LPC1769 CPU (Corte8 bbre) is shown in Fig. 6.
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Fig. 5. Block diagram of TEE simulation device.
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Fig. 6. Probe main circuit board.

4. CONCLUSIONS

The main goal of the both projects is to prepaohneal solutions for medical applications. The
proposed image fusion approach extends the diagnmsicess of a patient. Merging images from CT
and ECHO, both of different dimensionalities andhmnds of acquiring, enhances possibilities methods
of non-invasive cardiac vessels inspection. Presesblution is innovative and to the best of our
knowledge, has never been introduced to cardiothggnosis techniques before. Overlaying of ECHO
bull's-eye diagram on the 3D model of LV, allows 8ystolic function assessment to be carried oth wi
greater precision. Presented system, with dispfagdditional anatomical details such as vesseld wit
luminal narrowing, is expected to increase thellef@recision of heart attack predicted.

The proposed appliance for simulation of TEE is elcame addition to the training process of
medical staff and gives possibility of becoming figen with expected USG view of the human heart
before carrying out a real examination. Much caes waken for the software part of the system to be
used as a platform for wider range of applicatiartber than TEE. Given applicable input, TTE oresth
image simulation techniques can be implementedoag bs the CT based volumetric data contains
enough information. Current work involves use ofnaated heart cycle sequences in the simulation
process, to achieve greater realism.
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