
i 
 

 
 
 
 

Presentation and evaluation of gated-SPECT 
myocardial perfusion images 

 

 

 

 

 
 

 

 

 
 

N i l ou f a r  Da rv i sh  

   F .Nad i deh  Öçba  
 
 

 

 

 
 

 

 

 

 
 

 

 

 
 

 

 

 
 

 

 

Master of Science Thesis in Medical Imaging 

Stockholm 2013 



ii 
 

 

This master thesis project was performed in collaboration with 
 [Karolinska university hospital-Thorax]  

Supervisor at [Karolinska hospital]: Dianna Bone 

 

 
 

 

 

 
 

 

Presentation and evaluation of gated-SPECT 
myocardial perfusion images 

 
 
 

N i l o u f a r  D a r v i s h   
F . N a d i d e h  Ö ç b a  

 
 
 
 

 
Master of Science Thesis in Medical Imaging 

30credits 
Supervisor at KTH: Hamed Hamid Muhammad 

Examinator: Fredrik Bergholm 
School of Technology and Health 

TRITA-STH. EX 2011:51 
 
 

 
Royal Institute of Technology 

KTH STH 
SE-141 86 Flemingsberg, Sweden 

http://www.kth.se/sth 



iii 
 

 

Abstract 

 

Single photon emission tomography (SPECT) data from myocardial perfusion imaging (MPI) are 

normally displayed as a set of three slices orthogonal to the left ventricular (LV) long axis for 

both ECG-gated (GSPECT) and non-gated SPECT studies. The total number of slices presented 

for assessment depends on the size of the heart, but is typically in excess of 30.   

A requirement for data presentation is that images should be orientated about the LV axis; 

therefore, a set of radial slice would fulfill this need. Radial slices are parallel to the LV long axis 

and arranged diametrically. They could provide a suitable alternative to standard orthogonal 

slices, with the advantage of requiring far fewer slices to adequately represent the data. 
In this study a semi-automatic method was developed for displaying MPI SPECT data as a set of 

radial slices orientated about the LV axis, with the aim of reducing the number of slices viewed, 

without loss of information and independent on the size of the heart. Input volume data consisted 

of standard short axis slices orientated perpendicular to the LV axis chosen at the time of 

reconstruction. 

 The true LV axis was determined by first determining the boundary on a central long axis slice, 

the axis being in the direction of the y-axis in the matrix. The skeleton of the myocardium were 

found and the true LV axis determined for that slice. The angle of this axis with respect to the y-

axis was calculated. The process was repeated for an orthogonal long axis slice. The input 

volume was then rotated by the angles calculated.  

Radial slices generated for presentation were integrated over a sector equivalent to the imaging 

resolution (1.2 cm); assuming the diameter of the heart is about 8cm then non-gated data could 

be represented by 20 radial slices integrated over an 18 degree section. Gated information could 

be represented with four slices spaced at 45 intervals, integrated over a 30 degree sector. 
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1 Background 

1.1 Introduction 
 

A medical field in which radioactive isotope is used to diagnose or treat a disease is called 

nuclear medicine. One application is, where radioactive substances that are also called 

radiopharmaceuticals which are taken orally or intravenously, can be traced by external detectors 

like gamma cameras and the radiated emissions can be saved as images. This technique that can 

provide both dynamic and static images is called nuclear medicine imaging. Unlike conventional 

imaging techniques which focus on a particular part of the body, nuclear medicine imaging 

techniques are mostly used to study specific organs such as heart, brain, bone, etc. The technique 

is also capable of providing biochemical and functional information in addition to morphological 

information of the specific organs.  

Radioactive tracers that are used in this technique are intended to gather in the area of interest 

(e.g. the organ of interest) and they have suitable radiation characteristics (e.g. decay) that gives 

them the benefit of being easy to trace and easy to measure. The other advantages of this imaging 

technique can be named as follows;  

• Lower radiation exposure than X-ray 

• Less difficulty and inconvenience for patients 

• Less risk comparing to other invasive techniques like biopsies. 

Myocardial perfusion is a nuclear medicine technique to examine the function of the heart 

muscle.  Single photon emission tomography (SPECT) data from myocardial perfusion imaging 

(MPI) are normally displayed as a set of three slices orthogonal to the left ventricular (LV) long 

axis for both ECG-gated (GSPECT) and non-gated SPECT studies. The slices normally 

presented are horizontal long axis (HLA), vertical long axis (VLA) and short axis (SA). You can 

say the test is used to; 

 Diagnose Coronary Artery Diseases (CAD) and various cardiac abnormalities such as 

myocardial infarction and atheromatous plaques. 

  Identifying that how critical is the stage of CAD and locates the coronary stenosis in 

patients. 

  Prognostication or defining the degree of risk in patients who are at risk of having CAD 

e.g. myocardial infarction, wall motion abnormalities.  

 Also is used to check if the patient is in good condition after bypass graft and 

angioplasty. 

In modern gamma camera systems SPECT and GSPECT projections can be acquired 

simultaneously. Sets of slices orientated about the long axis of the LV are reconstructed from 

projection images. The standard slices presented for interpretation are HLA, VLA and short SA.  

Depending on the size of the LV, more than 30 slices from each acquisition are needed to 

represent the heart muscle, thus a considerable number of images must be compared when 



2 
 

making a diagnosis. To assist in this problem the polar presentation (bull's eye) has been 

developed [1], but the display results in loss of information and cannot completely replace the 

standard sets of slices. An alternative approach would be to reconstruct radial slices. Radial slices 

are orientated parallel to the LV long axis and arranged diametrically. The central HLA and VLA 

slices are examples of radial slices at 0° and 90° respectively. A set of radial slices would, 

therefore, include the central HLA and VLA slices together with diametrical slices at other angles 

through 180°. The number of radial slices required to display the LV without loss of information 

should be less than in the standard three view presentation and also be independent of LV size. 

The aim of this pilot study was to develop software for generating radial slices and to assess the 

number of images required to present the LV without loss of information. 

 

1.2 Single Photon Emission Computed Tomography (SPECT Imaging) 

1.2.1 Basic principle  
Single photon emission computed tomography (SPECT) Imaging is a technique that uses a 

gamma camera to trace gamma rays; gamma emitting radioisotope (radionuclide) is injected 

intravenously into the patient. Usually the raionuclide is a dissolved ion e.g. gallium (III) that 

interacts with the place of interest in the body and marks the location of it. The chemical process 

that allows the marking is as follows; 

 The radioisotope is attached to a specific ligand to obtain a radioligand 

 Radioligand that bind to certain types of tissues 

 The combination of ligand and the radioisotope are carried and bound to the place of interest 

in the body 

 Thus the place is marked and can be seen due to the gamma emission of isotope. [2, 3] 

 

SPECT imaging is superior to planar imaging methods because, the distribution of the 

radionuclide can be described more adequately as a result of the tomographic character of the 

SPECT images. On the other hand in the SPECT imaging, a gamma camera records the x/gamma 

rays from different angles and the images are reconstructed from projection data. Hence better 

contrast images are obtained in comparison with the poor contrast planar images that are affected 

by the activity of the neighboring organs. Overall, both SPECT thallium imaging and qualitative 

SPECT are great improvements for their specificity and sensitivity at defining the severity of 

coronary artery disease. 
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healthcare.siemens.com/molecular-imaging/spect-and-spect-ct/symbia-t 

Figure 1: Siemens SPECT/CT Truepoint Symbia machine: the patient is placed on the table and the 

imaging process goes on by rotating the gamma cameras around patient's body. 

In SPECT imaging for cardiac images, the standard projections are acquired from 180 degree 

rotation of the scintillation camera head over the patient. Filtered back projection method or 

iterative method can be used to reconstruct the transverse images after data acquisition. 

Since this type of nuclear imaging provides useful and precise localized information in 3D; it is 

used in the Studies like tumor imaging, thyroid imaging, leukocyte imaging, etc. as well as 

functional studies on heart (MPI) or brain (brain imaging). 

 

 

1.2.2 Image acquisition 
 

In computed tomography (CT), there is a protocol to collect transmission measurements and or 

projection images. 

“Data acquisition refers to the method by which the patient is scanned to obtain enough data for 

image reconstruction.” [4]  
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http://capone.mtsu.edu/phys4600/Syllabus/CT/Lecture_5/lecture_5.html  

Figure 2: Data acquisition scheme in CT; the scheme is made of two elements, Beam geometry and 

Components. 

Beam geometry controls the size, shape, motion and the path of the beam while components are 

consisted of physical devices that shapes and define the beam, measure the transmission which 

refers to data sample and convert the information into digital data.  

1.2.2.1 Beam Geometries 
There are three types of beam geometries which are used for acquiring the data [4]; 

Parallel beam geometry (used in first generation scanners, translate-rotate scanning motion), 

Fan beam geometry (used in second, third and fourth generation scanners with translate-rotate, 

complete rotation and complete rotation of x-ray tube respectively), spiral geometry. 
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http://capone.mtsu.edu/phys4600/Syllabus/CT/Lecture_5/lecture_5.html 

Figure 3: a) First generation, parallel beam. b) Second generation. c) Third generation. d) Fourth 

generation [5] 

 

1.2.3 Image reconstruction 

Image reconstruction for SPECT can be done either by filtered back-projection or by iterative 

methods. Filtered back-projection for SPECT is identical to the one performed in CT which is 

used for acquiring view set for slices and reconstructing the corresponding image. Every sample 

in the views is the sum of the image values passed by the rays [1]. 

In mathematical aspect, Image reconstruction from a series of projections can be done by using 

inverse Radon transform. 

 

1.2.3.1 Filtered Back-projection Techniques 

The signal is produced along parallel X-rays. Hence the data can be filtered and back projected 

to obtain the image. 
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http://www.owlnet.rice.edu/~elec539/Projects97/cult/node2.html 

Figure 4:  Backprojection is a reconstruction method where the recorded signals on the views are 

smeared along the path that the view was acquired. The image that is obtained at the end is more blurry 
than the correct image. [1] 

 
http://en.wikibooks.org/wiki/Basic_Physics_of_Digital_Radiography/The_Applications 

 
Figure 5:  Filtered backprojection: The views are filtered before backprojection during the reconstruction 

of image. In mathematical basis, the end result is more accurate. This algorithm is the most commonly 

used algorithm when it comes to CT systems 
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1.2.4 Attenuation correction   
The gamma rays coming from the radiotracers that placed in the centre of body have more 

attenuation than the radiotracers that are placed close to the surface since they have to pass 

through more tissues. Due to the situation attenuation correction is needed for a proper 

quantitation.  

Attenuation map is generated due to the density difference throughout the body. For more 

attenuated regions, photon counts are added back to that region. On the other hand counts are 

subtracted from less attenuated regions to obtain a properly defined data. [6] 

 
http://tech.snmjournals.org/content/36/1/1/F6.expansion.html 

Figure 6:  a) uncorrected SPECT image of a material consisting uniform radioactivity. The dark area is 
due to attenuation as the gamma rays pass through the material. b) Correction factor map with low 

scaling factor near the surface and high scaling factor at the centre. c) Initial image is multiplied by the 

attenuation factors and the uniform distribution is obtained more accurately. 

This method is suitable for some body parts only such as brain and abdomen and not for cardiac 

or thoracic imaging because attenuation is dependent on spatial structure.  

 

1.3 Non-Gated SPECT 
Non-Gated SPECT (Standard SPECT) is the routine Stress-Rest Myocardium perfusion imaging 

with SPECT camera without applying the ECG guidance (see section 1.4). The results of Non-

Gated imaging are usually sets of slices with orthogonal orientations which show the uptake of 

radionuclide by myocardium. 



8 
 

 
http://commons.wikimedia.org/wiki/File:Heart_spect_imaging.jpg 

Figure 7: Short axis slices of heart during non gated SPECT imaging. 

1.4 ECG-Gated SPECT 
ECG-Gated SPECT is a nuclear medicine technique where patient’s electro-cardiogram (ECG) is 

used as a guidance during the process. This type of a myocardial perfusion imaging gives the 

opportunity to obtain quantitative or semi quantitative measurement of the LV.  

During the imaging, a radioactive pharmaceutical is injected to the blood stream. The computer 

defines a number of frames (typically 8) in the R-R interval of the ECG.  

The camera will take series of steps during image acquisition and each step consists of number of 

frames that were defined by computer earlier.  During the acquisition, the photons are recorded at 

multiple projection angles of 1800 or 3600 arc by a γ-camera. Acquisition begins with R wave of 

ECG (end diastole). Image data is obtained repeatedly for each of the frames over many cardiac 

cycles so that they can be summed up to construct a specific state of the cardiac cycle. The 

temporal resolution depends on the number of frames acquired. 

To avoid the useless information caused by arrhythmia or preventricular contractions a ''window'' 

can be set by the operator with respect to the R-R interval which will remove some data. 

Generally 99mTc-labeled tracers are used for ECG gating to acquire images with more flexible 

protocols. The reason for the choice of gated SPECT myocardial perfusion is the shorter 

acquisition and processing time.  

Moreover, Gated SPECT imaging of myocardium provides quantitative data such as diastolic 

and systolic myocardium thickness and contractility, left ventricular ejection fraction, stroke 

volume, etc. 

The quality of Gated images is depending on the level of noise on ECG, movement of the 

patient, heart rate variation during image acquisition, etc. 
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http://tech.snmjournals.org/content/32/4/179.full.pdf+html 

Figure 8: The principle of ECG-gated SPECT imaging: one cycle of the heart (R-R interval) is divided 

into the number of frames (typically 8). Captured data from each frame in various heart cycles give us 
information about that specific phase of heart cycle such as end diastolic (ED) phase or end systolic (ES) 

phase[7]. 
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1.5 Myocardial perfusion SPECT 

 
Figure 9: An illustration of a radioactive agent being introduced to the blood vessel 

Myocardial perfusion Imaging is one of the purposes of SPECT imaging to examine the function 

of the heart muscle in order to diagnose ischemic heart diseases. Following this principle that in 

stress situation the uptake of the diseased myocardium is less than the normal one. After injection 

of a radionuclide into the blood stream of the patient, SPECT imaging is performed first in stress 

situation; if there is an abnormality in the images the same procedure will be repeated in rest 

situation within several days or within hours depending on the substance and pharmaceutical that 

are been used.  

The heart can be stressed in two ways: 

• Having the patient squeeze a dumbbell 

• By using a pharmaceutical to affect the heart as if the person is having an exercise. 

During image acquisition the patient is placed in supine position (lying on back with the face 

upward) and is asked to place his arms on top of his head; this way the image quality will 

increase and the artifacts over the chest will decrease. An automatic body contouring is 

performed to obtain optimal patient to detector distance. 

The whole image acquisition process will take about 15 minutes for the function imaging and 

several seconds for CT scan. During these phases, an Electro Spectrogram (ESG) is recorded.  

Images are reconstructed from the data acquired by using the back projection techniques that are 

used in CT scanning. Comparison of isotope distribution is made between stress and rest images 
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to understand if there are reversible or irreversible defects in the myocardium.  

1.6 Myocardial perfusion visualization 
Study on Stress-induced myocardial ischemia is the best way to evaluate the severity of coronary 

artery diseases (CAD). 

After image acquisition is done, the SPECT images are being processed to create a Data volume 

which represents the data traced by the camera during the image acquisition step. This procedure 

should be performed for each frame of data in Gated-SPECT Imaging.   

As first step during the left ventricular image reconstruction the trans-axial images which are 

perpendicular to the Long Axis of the body are been arranged. The same procedure is performed 

for sagital images. Due to the oblique orientation of the heart in the chest cavity, the trans-axial 

and sagital images of the heart are sliced with the same oblique angle as the heart's angle has. To 

avoid the issues regarding the variation of the heart's angle and the myocardial thickness, a set of 

standardized images are determined. Regarding this standardization, the planes to show sectional 

views of the heart are Short axis, Horizontal Long axis and Vertical Long Axis. 

 

 
www.sciencedirect.com/science/article/pii/S1071358103007529 

Figure 10:  Myocardial perfusion study can be represented in orthogonal slices (short axis and long axis 

slices), polar map (bull's eye) and 3D. 

 

As a step by step procedure of reorientation; first, a middle slice from trans-axial slices which 

contains the heart cavity is chosen then a line is drawn manually parallel to the Long Axis of LV. 

This line is also parallel to the walls of the heart and goes through the Apex. Then, the same 

procedure would be repeated for the sagital slices. Usually the operator chooses the slice in the 

middle of the angular variations as reference slice. Some adjustment should be done to make sure 

that the axis goes through the apex. The accuracy of this method depends on the expertise and 

carefulness of the operator. 

http://www.sciencedirect.com/science/article/pii/S1071358103007529
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1.6.1 Short axis and long axis slices 
Short axis slices which usually are the first row in the display of the result after SPECT imaging 

are the images that cut through the left ventricle from apex to the base. Slices are orientated from 

left to right with the corresponding apical to basal slice. The corresponding rest-SPECT images 

come instantly after these slices. 

Horizontal Long axis slices which are a set of transverse plane cut through the left ventricle from 

back to front (posterior wall to anterior wall). As a standard rule the images are shown in a way 

that apex is located at the upper part of the image exactly like the echocardiographic 

images. Vertical Long Axis slices which are orientated from septal to lateral wall cut through the 

left ventricle parallel to the sagital long axis of the heart. 

 
www.pmod.com/files/download/v34/doc/pcardp/3614.htm 
Figure 11:  Definition and orientation of coronal (a), sagital (b) and transverse (c) planes of the heart; by 

definition the long axis of the heart is the straight line between apex and the center of Mitral valve. 

http://www.pmod.com/files/download/v34/doc/pcardp/3614.htm
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www.yale.edu/imaging/techniques/spect_anatomy/index.html 
Figure 12:  Three standard orthogonal slices displayed for MPI. From left to right: Short axis, horizontal 

long axis and vertical long axis.  Most uptakes takes place in left ventricular myocardium due to its 

thicker wall therefore MPI generally contains left ventricular information. 

 
 

1.6.2 Polar map 
Polar map or bull's eye map is the quantitative display of the radionuclide uptake. This 

interpretation method is useful to study the reversibility and severity of the ischemic heart 

diseases. Polar map present 2D quantitative information of the 3D myocardium [8]. The map is 

usually segmented into 17 areas in which the center represents the perfusion of the Apex [9]. The 

percentage of perfusion in each area can be obtained by looking into the score of each area. Each 

score could be a normalized value of perfusion in myocardium wall or a 0-4 scores set achieved 

from a typical healthy myocardial perfusion in which the score 0 represents the normal uptake 

and score 4 represents no uptake of radionuclide. 

Regarding to the bull's eye map segmentation, low counts in the basal, mid-basal and mid-apical 

areas of the anterio-lateral myocardium shows the myocardial perfusion defection. 

http://www.yale.edu/imaging/techniques/spect_anatomy/index.html
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http://www.nuclearcardiologyseminars.net/reading.htm 
Figure 13:  Left ventricular quantitative presentation by segmented polar map and its 17 regions (b) and 

the polar maps of two different patients (a) and (c). 

1.6.3 3D representation 
Non-gated 3-dimensional or Gated 4-dimensional surface rendering from the long axis and short 

axis slices is another method for interpretation of Left ventricle which can help for studying the 

dynamic behavior of the left ventricle. It also helps to see the volume of the left ventricle at end 

diastolic and end systolic phase as well as the stroke volume and ejection fraction of the left 

ventricle. 

 
http://www.hey.nhs.uk/content/services/nuclearMedicine/default.aspx 

Figure 14: 3D representation of the heart makes it easier to see the area of malfunction and it's the best 

way to visualize the size of the L.V (and the heart). 
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2 Data and methods 

2.1 Data 

2.1.1 Raw data 
 

The input volume data was a stack of SA slices (fig. 15 a) from an MPI patient study acquired on 

a Siemens T16 Symbia SPECT/CT system [10]. The system was fitted with a low energy, high 

resolution parallel hole shape collimator and dual detector SPECT (from right anterior oblique to 

left anterior oblique position; 90 degree/head). Other specification of the device is: 128 

seconds/angle speed step and shoot mode and 128×128 image matrix. 

SA slices were orientated perpendicular to the LV axis chosen at the time of reconstruction and 

not necessarily the true LV axis. The raw data was in Digital Imaging and Communications in 

Medicine (DICOM) format. 

 

Figure 15:  Reconstructed slices from a patient study. a: Central SA slice from input volume. b: Central 

HLA slice used to determine true LV axis. 

2.1.2 Matlab 

Matlab was used in this project.  

2.1.2.1 Adaptive thresholding 

One of the simplest methods for image segmentation is thresholding in which the pixel is set to a 

foreground value (usually 1) if the intensity value of the pixel is greater than the defined 

threshold, otherwise the pixel is set to a background value (usually 0). This method also called 

the conventional thresholding method uses a single global pixel for all of the pixels in an image. 

In adaptive thresholding method unlike the conventional method there is not one threshold 

defined for all the pixels; the threshold changes dynamically over the images. In other words, 

different thresholding is used to threshold different regions on the image. A threshold value has 

to be set for each pixel, Therefore this method adapts to the changes in the lighting in the image.  

 

 
   

b a 
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To find this threshold there are two main methods [11]: 

1. Chow and Kaneko 

2. Local thresholding 

Both methods assume that illumination over a small image region is uniform. In the first method 

an image is divided into an array of sub images. Then from the histogram of each of these 

overlapping sub-images the optimum threshold value is defined. As final step to find the 

threshold for each pixel, the algorithm interpolates the results calculated from each sub-image. 

[11] 

The second method defines the local threshold from statically observing (depending on the input 

image) the intensity of the neighboring pixels. Fastest functions used are ''mean'' or ''median'' of 

the distribution of local intensity or ''mean'' of the minimum and maximum local pixels value. On 

the other hand the size of the implemented neighborhood mask is very important; the mask 

shouldn't be too large or too small to result in an optimum threshold value. [11] 

In this thesis project, an Adaptive Theresholding -based algorithm was used for edge detection of 

the SPECT images. The algorithm uses a 3*3 mask to determine 4 objective functions equivalent 

to the four directions of the edge intensity and edge direction inside the mask (fig.16).  In this 

method, adaptive thresholding is used to emphasize the edge points.  

This method is shown to have better results than traditional methods; the thickness of the edges 

using this method is very thin. An alternative method is Canny algorithm which is a little faster 

than adaptive thresholding. But still the edges are thinner using the former method [12].  

 

http://www.ijest.info/docs/IJEST10-02-06-95.pdf 

 

Figure 16:  Table in the left shows the 3*3 mask used in adaptive thresholding and pictures in the right 
are the 4 possible directions of the edges [12]. 
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2.1.3 Morphological method 
 

Mathematical morphology is a set of nonlinear operations based on lattice theory, random 

functions, topology and etc, used for processing and analyzing geometrical structure in an image. 

One of its first applications was to clean up and study the structure of a figure inside an image. 

In principle, the method works by comparing neighboring pixels in various ways, repeatedly, as 

a result a specific structure can be found or modified or even removed from the image. The 

whole image is going under test process by choosing the'' structuring element ''or ''kernel'' that 

can be in shape of a square, disk, etc. depending on what is your purpose to use this method 

(fig.17). This kernel defines the size and shape of the neighboring pixels. 

 

http://www.imagemagick.org/Usage/morphology/ 
Figure 17: So called structuring elements or kernels are small matrices containing 0 and 1 which defines 

the size and shape of the neighboring pixels in process. One specific pixel is marked as the origin of the 

kernel which means the morphological operator effects this pixel with respect to neighboring pixels 

defined by kernel 

Using morphological operators can provide a big range of processing such as dilation and 

erosion (expansion and contraction of a structure), calculating the distance from edge, thinning 

down to the skeleton of the structure, etc. 

 

www.cs.auckland.ac.nz/courses/compsci773s1c/lectures/ImageProcessing-html/topic4.htm 

Figure 18: A so called structuring element is applied to different part of the image to see whether the 

kernel fits, hits or intersects with the structure depending on the type of the operator we are using. 

http://www.imagemagick.org/Usage/morphology/
http://www.cs.auckland.ac.nz/courses/compsci773s1c/lectures/ImageProcessing-html/topic4.htm
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In this project morphological method was used to find the skeleton of our slices (skeletonizing). 

In definition the skeleton points of a shape or structure are in equal distance of the boundaries of 

that shape and represent its structural properties, in other word it is the thin version of the shape 

that holds the structure from falling apart (fig.19). 

 

http://felix.abecassis.me/2011/09/opencv-morphological-skeleton/ 
Figure 19: White line shows the skeleton of the B 

The skeleton arising when using this method; gave us a better understanding of the parabola 

structure of our LA slices and was a great lead to find the median axis of our slices 
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2.1.4 The implemented algorithm 
The true left ventricular long axis should be found in order to avoid any information loss while 

reconstructing radial slices. The true LV long axis was defined as a line passing through the apex 

and the centre of the cavity in two central and orthogonal long axis images. An alternative way 

would be to use SA slices, in which case the central long axis would be the line that goes through 

the center of all SA slices. We can summarize the whole process in these steps: 

 

 

 

 step1 

 Reading Dicom images
1
 

 step2 

 Getting vertical long axis slices 

 Getting horizontal long axis slices 

 step3 (VLA) 

 Finding the central slice
2
 

 Finding the boundaries of this slice
3
 

 Finding the skeleton of this slice
3
 

 Finding the direction of the skeleton
4
 

 Finding the most apical point on the skeleton
4
 

 Finding the central axis
4
 

 step4 (HLA) 

 Finding the central slice
2
 

 Finding the boundaries of this slice
3
 

 Finding the skeleton of this slice
3
 

 Finding the direction of the skeleton
4
 

 Finding the most apical point on the skeleton
4
 

 Finding the central axis
4
 

 step5 

 Fitting a line on the central Horizontal and Vertical long axis
1
 

 Finding the slope and the angle of these two line regarding to Y axis 

 step6  

 Align the whole stack by tilting toward these 2 central axis
1
 

 stpe7 

 getting the radial slices
4
 

 integrating slices over a proper arc of a circle
4
 

                                                             
1
 Matlab codes 

2
 manually 

3
 Precoded algorithm 

4 Codes by author 
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2.2 Methods 
As we mentioned earlier, the true LV long axis was defined as a line passing through the apex 

and the centre of the cavity in two central and orthogonal long axis images (central HLA and 

central VLA). To determine the true LV long axis, the central HLA and VLA slices were chosen 

manually by visually identifying the slice from each set in which the LV had the largest 

dimensions. Both slices were then segmented using an adaptive thresholding algorithm[13] to 

separate the background from the LV myocardium. The threshold was adjusted manually. As a 

result of segmentation, images were converted into binary images where pixels with a value 

greater than or equal to the threshold were set to one, while values less than the threshold were 

set to zero. The skeleton of the binary image, representing the medial axis of the LV wall, was 

traced automatically using a morphological operation (fig.20). Morphological operations are 

used when you want to interpret the structure and shape of an image in terms of identifying 

objects and borders. These operators are working under the concepts of segmentation and 

connectivity. It means that after using this function all the pixels in an area are neighbor to at 

least one other pixel with the same classification, and of course all of them are connected. The 

skeleton was the remaining pixels when pixels on the boundaries of an object have been removed 

without the object breaking up.  

 

 
Figure 20: Stages for generating the skeleton by using the morphological method on HLA slice. a) 

Segmented slice, b) Skeleton of the slice, c) Skeleton on binary image of the slice. 

Our primary data was from a normal heart with no complications, if there was some loss of 

information due to the ischemic issues in our slice this method wouldn't work. In that case 

finding the boundaries of the slice and fitting a curve (preferably a parabola) would be a better 

choice. Long axis slices of the left ventricle can be fitted with parabolas because of their 

parabola shape. Hough transform is one of the methods that can be used to fit the best curve on 

these boundaries but it is complicated.  

Back to our algorithm, in the beginning the apex of the slice was determined by identifying the 

coordinates of the point on the skeleton indicating a change in direction of the skeletal line, 

assuming a parabola. Since the SPECT images are low resolution pictures, the direction wouldn't 

change at one point so we customized the definition; the slices are well oriented about X and Y 

axes so we take the average of the points with the highest Y coordinate as our apex point. In the 

same manner, the central axis was defined as the mean of the X co-ordinates for points with the 

same Y coordinate, but from opposite sides of the skeleton (Eq.2-1).  

 

X1 = (x1, y), X2 =(x2, y)           Xmean = ((x1 + x2)/2, y)            (2-1) 

 

 

   
b c a 
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The true long axis was found by performing a linear least squares fit to these points. And the tilt 

angle was then the slope of the line from Y axis.  

The 3D matrix was aligned about the true LV axis by rotating the HLA slices followed by the 

rotation of VLA slices with the respective tilt angles. Finally, the radial slices centered about the 

new axis were generated by integrating over a sector determined by the system resolution.  

3 Results 
Initial SA slices were reconstructed from a SPECT rest acquisition of a normal heart. The central 

HLA and VLA slices chosen by visual inspection were the slices through the centre of the LV 

cavity. The skeleton for each slice was generated from the binary image after applying the 

segmentation method. The resulting skeletons for the respective HLA and VLA slices are shown 

in figure 21a and 21c and superimposed on the myocardial activity in fig 21b and 21d.  

 
Figure 21: Skeletal curve generated for two long axis slices a: HLA, c: VLA and superimposed on 

the respective slices b & d
5
 

If the resolution had been better and the shape of the LV skeleton was approximately parabolic, 

the apex would have been the point at which the direction of the skeletal line changed. This was 

not the case as can be seen in fig 21.  

The position of the apex was defined, therefore, as the location in the middle of the angle curve 

at which there was no change in the direction between two neighboring points. The apex was, 

therefore, the mean of the X co-ordinates of two or more neighboring points with the same 

maximum Y co-ordinate (Ymax). In the VLA image there were more than two points with the 

same value as Ymax due to the presence of the right ventricular wall. To avoid incorrect 

positioning of the apex, extraneous points were eliminated by calculating the difference in X 

between points with the same Y co-ordinates as Ymax. A point was rejected if the difference 

                                                             
5
 Y coordinate's values are minus because the image is showing upside down. 
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between adjacent points was more than 2 (ΔX>2). Points along the axis were calculated as 

described by eq. 2-1, and then a linear least square fit was applied to find the true LV axis. The 

calculated points and the fitted lines are shown in fig. 22.  

 
Figure 22: The fitted line as true Horizontal (a) and Vertical (b) long axes. 

 

The tilt angle for the HLA stack was 6.1º with respect to the Y-axis, while for the VLA stack the 

angle was 6.9º in the same direction.  

Radial slices generated for presentation were integrated over a sector angle of 18º, based on a 

system resolution for tomographic studies of approximately 1.2cm. If the diameter of the heart 

(left ventricle) assumed to be 8 cm then a maximum of 20 radial slices was sufficient to represent 

MPI study.  

Gated information could be adequately displayed with four slices at 45˚ intervals integrated over 

an arc of 30˚ along myocardium curve, equivalent to summing 5 standard slices (fig.25). 

 
Figure 23: An illustration of the 4 radial slices at 45˚ intervals integrated over an arc of 30˚ 

along myocardium curve 
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Figure 24: GSPECT radial slices. Images a and b are radial slices summed over 30° about 0° 

(HLA).  Images c and d are Standard HLA slices for Comparison. 

 

Figure 25: Gated information could be adequately displayed
6
 with four slices at 90˚ intervals 

integrated over an angle of 30˚, equivalent to summing 5 standard slices 

 
 
 
 
 
 
 
                                                             
6
 To quantify this results one can calculate the ejection fraction , stroke volume and wall thickness of the radial 

slices and compare them to the equivalent values from standard slices; using the current available softwares. 

Diastole Systole

ba

dc

Diastole SystoleDiastole Systole

ba

dc

ba

dc
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4 Discussion 
The idea is to create an alternative presentation of myocardial SPECT images

7
. The 

reconstruction oriented all average around LV longitudinal axis and three orthogonal slices 

generated by default (fig 26). 

 
http://www.nuclearcardiologyseminars.net/reading.htm 
http://electronicimaging.spiedigitallibrary.org/article.aspx?articleid=1182812 

a 

 

 
b 

http://www.sciencedirect.com/science/article/pii/S0167527304004413 
Figure 26: a) Standard orientation  b) Standard presentation. Three orthogonal slices 

                                                             
7 This Idea was first introduced by our supervisor, Associate Professor Dianna Bone. 

http://www.nuclearcardiologyseminars.net/reading.htm
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Since the part of the study is to assess whether there is a difference between stress and rest 

images, must be examined many slices. It is not easy to visually assess minor changes in so 

many slices, especially with the poor standard color range. Using polar map has reduced the data 

set, but it is intended to be used as an overview instead of a primary interpretation. Advantage of 

polar map is that the whole activity which is sampled can be viewed in a single image.  

However at polar mapping is that the heart activity cannot be projected without stretching to a 

plane similarly to the projection of earth on a map [14]. Because of that, difficulties arise while 

examining the myocardial fraction in a defect.  

 Also various 3D presentations are used, but again can only give an overview (fig.27) 

 

Using an interpretation program where patient images are compared to a database can be difficult 

and should only support the diagnosis made by the primary incisions when database is based on 

few patients and requires that tests be performed by a certain way.  

 
http://www.rb.org.br/detalhe_artigo.asp?id=1997 

Figure 27: Presentations of results. Selected slice images and 3D image. 

What is needed is a presentation where the number of average images is greatly reduced, but 

sensitivity is not reduced and we have a better color scheme. 

Reducing the number of pictures means to generate radial slice images. Such images are 

longitudinal relative to LV longitudinal axis. Second slice may be generated at 45
o
 and 135

o
 

(fig.28) and thus the entire myocardium may be covered. 
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Figure 28:  Further radial sectional images at 45

o
 and 135

o
. Also other angles may be used. 

 

It is clear from Figure 28 that a fully approved representation of the distribution of the 

myocardium can be achieved with a much smaller number of cuts than used in today's standard 

presentation. For assessment of perfusion distribution is likely 4 for gated and 20 for non gated 

images are sufficient. 

 

Another advantage is that if you want to add slices radially, the problem that arises with the 

addition of parallel slices is avoided. Figure 29 illustrates two adjacent sections SA. In parallel 

adjacent however average diameter is different for both the LV cavity and the outer wall. When 

images are added, the cavity looks smaller and the wall looks thicker than it actually is, hence the 

information deteriorates. The problem is even more evident when HLA and VLA-sections are 

added.  

 
Figure 29: Addition of parallel slices will cause information deterioration. 

 
Figure 30:  Illustration of how the radial slices can be summed. 
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When radial sectional images are added (Fig 30) the shape of the result will be approximately the 

same with wall shape. Consequently, there is less variation in wall thickness and cavity size. 

Adding radial images is particularly desirable for "gated" studies. Because number of "counts" in 

each image is very low (maximum number of images is about 20-30 with 8 frames / heartbeat 

and picture quality is very poor because of the noise). Minor variations in perfusion are not so 

interesting, and no substantial information would be lost, but the picture quality would be raised. 

It is the most important advantage that you can cover the myocardium with only four slices 

within the same orientation, compared to the current presentation with many different slices and 

orientation. 

 
 

5 Conclusion 
 

A semi-automatic method for generating radial slices from standard SPECT MPI short axis slices 

has been developed. When the radial slices were integrated over a sector equivalent to the 

imaging resolution, MSPECT data could be represented by 20 slices. GSPECT information could 

be represented adequately with four slices spaced at 45º intervals. Radial slices provide an 

alternative display method to standard orthogonal slices, with the advantage of requiring fewer 

slices to adequately represent the data without loss of information. Furthermore, the number of 

slices required is independent of heart size.  
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