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Abstract: 

Electrocardiographically gated myocardial perfusion SPECT (GSPECT) is a 

state-of-the-art technique for the combined evaluation of myocardial 

perfusion and left ventricular function within a single study. It is currently 

one of the most commonly performed cardiology procedures in a nuclear 

medicine department. Automation of the image processing and 

quantification has made this technique highly reproducible, practical and 

user friendly in the clinical setting. In patients with coronary artery disease, 

gating enhances the diagnostic and prognostic capability of myocardial 

perfusion imaging, provides incremental information over the perfusion data, 

and has shown potentials for myocardial viability assessment and sequential 

follow-up after therapy. Evaluation of the left ventricular (LV) function is 

important in clinical cardiology. Quantifying the degree and extent of the L V 

functional abnormalities permits a systematic assessment of the disease 

process on the myocardial performance.The aim of this thesis is to evaluate 

left ventricular ejection fraction (LVEF) in patients with no evidence of 

ischemic response during the stress test. This investigation was carried out in 

view of the few reports concerning the findings of ventricular function with 

gated SPECT in these situations in the normal population, which is relevant 

when considering the possibility of myocardial stunning. Method:We 

prospectively studied 30 selected patients, in difference ages and gender. A 

one-day protocol was used, with injection 555 MBq -1.1 lMBq(15 - 30 mCi) 

of 99mTc-MIBI at stress and rest. Gated perfusion SPECT was acquired 30 

to 60 minutes after radiotracer injection in both conditions and processed 

using QGSPECT software. Difference between stress and rest LVEF was 

calculated. Result and conclusion: Rest LVEF was higher in the stress 
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(exercise) group, A trend line was done in both groups and r-value 

was(0.9)and p=0.04 in acceptance values. Standard deviation of LVEF also 

was done and we found that women has higher LVEF% than men. 

V 
K 



<U-*<aJ ii5jj-uu» (tj ;Vi1 A jTt'il 4_JLx m Uil ^JLisaj ,, dJI j ..hull juj-uiill 

t-j-liil ( j i a l j — t f r J J - U I (Jj-iail >j£i u - 4 W 1 ^ jM« .„ 'L_uj|jJ fjst-ua Qj hjll *LL£ajj UJ-IaII 

4 n j A jUc-j .A_2jJ) 4_Jlc. A j'tt'iti r'i k-j 1 uiSj -Ji j^-uail 'L-aJlJW uj—laJI - • ••» (JJk 

j j - x j c^^l. Ml (jLj—uij) jjiaj_a ^^j'LJu dyJ-SI ^ ^ J ^ I I . (JJ JJJ—utll (jrtj^ m'ji 

CjLjlul a j - i i j Ci\—ajk4 u i j Tffl 41 <nit) At J jljuSVIJ ni'll 

f ^ A J-UUSJI hjll (-»JI /ft' .^iLaJi AJU Auuti*Slj .—ifei) j 4 — V l l l ^jJI £)LJJ«UI 

/ t f j - w j V I o j t> - J - ^ 1 1 f lJ>5fl ^ U-W® .iSJAJ-* -^ ^e-Jil) 

OsJ-iaJi jj-i f j J ) ijW^-" i-uiljJli alA <j-» <-a.S-$iL ,<-i«I»il ^Ul ^jJc t r j l l (jialj-A^i A_aJbmJ 

oAJb C u j a . 1 j j-?1^) Ci)j\ n>I p\—m) 4 jh ihVi l l 4 Jy ' i i j j ^ j L j u <jjJ-!l usjaII ^j-S j—uuVi 

<j-« JXjlI 4__jjLL» Qv k J l j Cil-uajj ^yjjj) , _i*_jiil j j g t j j B )j-Jaj 

.tjn'i >1)j jl—ac V) i-A A C J - S tl i ^ IJJJ 30 LiaS < i ^jll j—dh j j j k L r i .^ . j t j . iht i 

^ L - A . ^ ^ - S ( JJ_£JJ Laa-a 555) ^ sJl—AJ Ji .j-is. X J U J-^I^II ^J-olt J J - S J J J J J mi 

60 -30 0 j-^il y j y - i ^ i l ) ^jH^iuJI jsy—dill • 

^ i . u i i 01 (j-"1 ""tjAll aAJti 4—aujj . j^uuV! q j o W j ^ " ^ J i UftXau 

d J i j L A ) y J o s l i - i V ) u-C- JL^A^I O b , ^ J u jU-JiiU A_Jlp j—uV! o*-Mt cr® f4-11 

j J - k Aj Hi (jl -1-?-J . 4-JJjjis-i (i-= (ji J J g i l - i i n J jUTill 4 -a j 

. J ^ ^ O ^ jjSULUUB jwuVlt^Ml 

VI 



Table of Contents. 

Contents page No. 

Chapter One: Introduction 1 

1.1 Nuclear cardiology 1 

1.2 Cardiac function studied in nuclear cardiology 2 

1-3 Global Function 4 

1-4 Regional Function 4 

1-5 Heart Function and the E C G 5 

1-6 Depolarisation and Repolarisation 6 

1.6.1 The three E C G leads 8 

Chapter Two:Left ventricular ejection fraction 11 

2.1 Introduction 11 

2.2 Literature Review 13 

2-3 Gating 14 

2.4 Framing 15 

2.5 Radiopharmaceutical 16 

2.5.1 Isotopes 16 

2.5.2 Tc-99m Sestamibi 17 

2.5.3 Gated radionuclide ventriculogram 17 

2.5.4 Types of radio nuclide analysis 18 

2.6.1 Single Photone Emission Computed Tomography 19 

2.6.2 Reconstruction 20 

Chapter Three: Materials and Methods 23 

3.1 Gated Tc-99m MIBI SPECT and data Analysis 23 

3.2 Image Protocol for Tc-99m-Labled Agents 24 

3.3 One - D a y Rest-Stress or Stress-Rest Protocol performed 25 

V I I 



with Sestamibi or Tetrofosmin 

3.4 Filtered back projection 27 

Chapter Four: Quality Control 30 

4.1 Introduction 30 

4.2 Perfusion analysis 30 

4.3 LVEF Processing and display 32 

4.4 QGS Method 33 

4.5 The effect of reconstruction filters on the calculation of 

LVEF 

33 

4.6 Measurement of ejection fraction 34 

4.7 The Matrix mode study 36 

4.8 The List mode study 37 

Chapter Five: Results and Discussion 40 

5.1 Results 40 

5.2 Discussion 47 

Chapter Six: Conclusion 50 

6.1 Conclusion 50 

References 51 

V I I I 



List of Tables: 

Table 4.1 Calculation of Eject ion Fraction f rom ESC and E D C 34 

Table 5.1 E D V and E S V and L V E F of 30 patients of different Gender and 
Ages. 

41 

Table 5.2 L V E F , Averages, and STDV of 30 patients at rest and exersice 43 

Table 5.3 The results of % L V E F 1 & 2 and % L V E F (ref) and the data 
analysis of 30 patients. 

44 

List of Figures: 

FIG.l. l Electrophysiology of the Hear t (waveform) 7 

FIG.1.2 The Three Leads of ECG. 8 

FIG.1.3 Stress E C G System 10 

FIG.2.1 Systolic and diastolic volume 12 

FIG.2.2 Principle of ECG-gated acquisition. R - R interval on E C G 14 

FIG.2.3 Eight f rames of gated SPECT to calculate L V E F 15 

FIG.2.4 Dual head G A T E D SPECT C A M M E R A . 22 

FIG.3.1.a Images obtained with 2-d " m Tc- se s t amib i protocol. Findings are 
normal 

26 

FIG.3.1.b Images obtained with 1-d y y mTc-sestamibi protocol. Findings are 
normal 

26 

FIG.3.2.a Two- dimensional 2-D intensity display of a set of project ion 
profile. 

28 

FIG.3.2.b Concepts of the project ion slices theorem p(r,0) 28 

FIG.3.4 Ramp filter and two other reconstruction filters 29 

FIG.3.5 Ramp filter in special f requency(k-space) domain 29 

FIG.4.1.a An image of lateral anterior oblique for the heart (LV) 31 

FIG.4.1.b The histogram and volume curve for (LVEF). 31 

FIG.4.2.a Quantitative image for L V E F with a distribution of the activity in 
the ventricle 

36 

FIG.4.2.b Images for L V E F with temporal resolution 36 

FIG.4.3 Wall thickness of Lef t ventricle(LV) and base and apex of the 
L V 

38 

IX 



FIG.4.4 Wall thickness of Lef t ventricle(LV) after attenuation correction 38 

FIG.4.5 Quantitative image of L V of 3-D (APEX,BASE,LAT) 39 

FIG.5.1 Plotted curve EDV. vs .ESV 42 

FIG.5.2.a L V E F l . v s . L V E F 2 and the trend line 45 

FIG.5.2.b LVEF2.vs .LVEF3 and the trend line 45 

FIG.5.3.a L V E F 1 vs. LVEF(re f ) and the trend line 46 

FIG.5.3.b L V E F 2 vs. LVEF(re f ) and the trend line 46 

FIG.5.4 Representat ive SPECT scans obtained at the middle of the left 
ventricle at rest and early after stress. 

48 

FIG.5.5 Three-dimensional solid contoured images obtained in the same 
patient as in represent the left ventricular cavity in end diastole 
(ED) and end systole (ES). 

48 

IIX 



Abbreviations: 

ECG Electrocardiogram 

SPECT Single Photon emission Computed Tomography 

QGSPECT Quantitative Gated SPECT. 

LV Left Ventricle 

RV Right ventricle 

EF Ejection Fraction 

LVEF Left Ventricular Ejection Fraction 

ED End Diastole 

ES End Systole 

EDV End Diastolic Volume 

ESV End Systolic Volume 

EDC End Diastolic Count 

ESC End Systolic Count 

BGC Background Count 

STV Stroke Volume 

SD Standard Deviation 

AVR Average 

CI Confidence Interval 

BP Back projection 

FBP Filtered Back Projection 

2D Two dimension 

! IIIX 



Chapter One 

Introduction 

1.1 Nuclear Cardiology: 

During decennia, a lot of attention went to imaging of the heart. Mainly two 

separate techniques were used, the myocardial left ventricular (LV) wall or the 

myocardial cavity (blood pool or ventriculography) are studied. 

With limited spatial resolution, it was clear that mostly LV wall was studied when 

examining myocardial wall, since the right ventricular (RV) wall has smaller wall 

thickness, too small to have accurate measurements with conventional nuclear 

imaging techniques. During the first years, LV wall perfusion was studied in a 

planar mode, but later a three-dimensional technique was developed (so called 

SPECT technique). The radiopharmaceutical is brought to the heart through (open) 

cardiac blood vessels and being trapped in the (living) myocardial cells. Therefore, 

this technique is mainly used to study LV perfusion and/or metabolism. The cardiac 

PET technique was also developed, with the advantage of smaller spatial resolution, 

but with the disadvantage of requiring a dedicated PET camera, with high cost and 

limited availability of camera and radiopharmaceutical [Richard N,1975]. 

The technique of studying the myocardial cavity is done by preventing the 

radiopharmaceutical to leave the blood vessels, and to make dynamic (or gated) 

scans of the cardiac chambers. The scan is dynamic because together with the blood 

pool activity, the ECG-signal of the patient is captured, in order to evaluate the 

kinetic information of the heart during one or several heart beats. The most 

important measurement from these types of scans is the LV ejection fraction, being 

the portion of blood pumped to the systemic circulation from the LV. The blood 

pool scan or ventriculography is mostly executed in the planar mode, so called 

planar ventriculography (PRV), with the gamma-camera positioned before the chest 

of the patient (anterior) with an angulation to the left side, to obtain an ideal 

separation of LV with other cardiac structures, e.g. RV and atrial cavities [Richard 

N,1975]. 
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1.2 Cardiac function studied in nuclear cardiology: why? 

The clinical relevance o f measurements o f cardiac function cannot be 

overemphasized. 

Based on sc ient i f ic and clinical observations, measures o f ventricular funct ion 

provide information for most o f the most critical diagnostic and therapeutic 

decis ions. The L V has been most extens ive ly studied because o f its invo lvement in 

c o m m o n disorders such as hypertension or ischemic, heart disease. A n y dysfunct ion 

of the left side o f the heart is most ly cl inically obvious by some consequences in the 

systemic circulation. However , an increasing amount o f data is available concerning 

right ventricular (RV) funct ion in several disorders including pulmonary heart 

disease, congenital heart disease, valvular disorders and inferior myocardial 

infarction [ D . D o u g l a s M i l l e r , 1 9 8 7 ] . 

Several methods are available to assess cardiac chamber function and include 

echocardiography, computed tomography, magnet ic resonance imaging and 

radionuclide techniques wi th blood pool activity (ventriculography) and wi th 

myocardial activity (perfusion or viability). These various methods are based on 

different physical principles and contain complementary information. Each o f them 

is characterized by some strength and some pitfalls. It wi l l therefore not be easy to 

find an accurate "one-stop-shoot" examination in cardiology [ D . D o u g l a s 

M i l l e r , 1 9 8 7 ] to cover all these items o f clinical interest and to "scan" the heart in 

one s ingle examination for perfusion, function, anatomy, va lve status, pressure 

information, systol ic and diastolic function. [S teve M , 1 9 8 6 ] . 

The most innovative change in nuclear cardiology recently is the extens ive 

validation and use o f gated myocardial perfusion S P E C T to examine perfusion and 

function in one examination. Together with observation o f perfusion defects and its 

reversibility, evaluation o f global and regional L V function is more and more done. 

B y adding the "gated" modal i ty to the SPECT- imaging technique, not only 

supplementary information was added to the description o f the images, a lso the 

accuracy in differentiating a real perfusion defect, due to a coronary lesion, or an 

attenuation artifact was s ignif icantly increased. [Steve M , 1986] . 
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Planar ventriculography (PRV) is since long the gold standard for LVEF 

determination, although clinical use of this technique declined due to the success of 

echocardiography. Where the latter produces more parameters of LV function, 

morphology and information of valvular status, the interest in PRV is only for the 

determination of LVEF. If we have now the possibility to get three-dimensional 

information of the heart function in a satisfactory resolution (in space and time) 

without supplementary radiation of the patient and we have some quantitative 

results of LV and RV function, even if the latter is still investigational, I think it is 

worth to combine the SPECT technique with radionuclide ventriculography, 

tomographic radionuclide ventriculography (TRV). While the slower computer 

systems and smaller disk space was long an argument not to perform this technique, 

in most departments, this is not the case nowadays. Even a visual evaluation of the 

gated reconstructed [D.Douglas Miller, 1987]. 

The development of ECG-gated myocardial perfusion SPECT imaging has 

allowed the simultaneous assessment of myocardial perfusion and function from 

a single procedure. This development has accelerated the utilization of this 

procedure for the diagnosis and prognosis associated with coronary artery 

disease. ECG-gated myocardial perfusion SPECT is now routinely used to 

assess, in addition to myocardial perfusion, global and regional left ventricular 

function. The main parameter of global function that is measured is left 

ventricular ejection fraction. Other important parameters of global function that 

are measured are end-diastolic volume, end-systolic volume, stroke volume and 

myocardial mass. For assessment of regional LV function both myocardial wall 

motion and wall thickening are determined. [Sugeng L , 2006]. 

The availability of these important parameters of LV function has prompted the 

proliferation of commercially available computer techniques to measure them. 

As with any measurement there is some error associated with these calculations. 

Here we will discuss the various methods available, the source of errors and how 

results from one technique compare with other techniques. This understanding is 

important clinically when comparing two ECG-gated myocardial SPECT studies 
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in the same patient to determine if LV function has improved or deteriorated 

over time, particularly if LV function was quantified with different methods. 

[Sugeng L, 2006] 

It is also just as important when comparing results from SPECT studies to those 

from other imaging modalities such as echo and MRI. Measurement of LV 

function requires the definition of the left ventricular endocardial and epicedial 

border throughout the cardiac cycle. These borders have been defined from 

SPECT perfusion data using manual borders, automatically determined count 

profiles across the myocardium or surface modeling that predicts the three-

dimensional endocardial/epicardial surfaces throughout the cardiac cycle 

[Mannaerts HF, 2003]. 

1.3 Global Funct ion 

From these surfaces LV volumes are determined in terms of the total number of 

voxels (volume elements) inside the surface. From this calculation the largest 

cavity volume throughout the cardiac cycle is defined as the end-diastolic 

volume (EDV), the smallest cavity volume as the end-systolic volume (ESV) 

and left ventricular ejection fraction is calculated as the stroke volume (EDV-

ESV) divided by EDV [Tadamura E, 1999]. 

1.4 Regional Funct ion 

From these endocardial/epicardial surfaces regional function is also 

quantitatively determined as either wall motion or wall thickening. 

Quantification of regional function is usually determined as the relative 

movement of one surface or one region of a surface to another. Regional wall 

thickening is a more clinically relevant parameter to measure since it is more 

directly indicative of myocardial contraction and viability. Regional wall motion 

occurs as an outcome of myocardial thickening and is an indirect measurement 

of LV function and viability. A small necrotic myocardial region can appear to 

move if the nearby contracting walls are dragging it [ Tadamura E, 1999]. 
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1.5 Heart Funct ion and the E C G 

The heart normally beats between 60 and 100 times per minute, with many 

normal variations. For example, athletes at rest have slower heart rates than most 

people. This rate is set by a small collection of specialized heart cells called the 

sinoatrial (SA) or sinus node, located in the right atrium. The sinus node is the 

heart's natural pacemaker. It has "automaticity," meaning it discharges all by 

itself without control from the brain. Two events occur with each discharge(l) 

both atria contract, and (2) an electrical impulse travels through the atria to 

reach another area of the heart called the Antrioventricle (AV) node, which lies 

in the wall between the 2 ventricles The AV node serves as a relay point to 

further propagate the electrical impulse. From the AV node, an electrical wave 

travels to both ventricles, causing them to contract and pump blood [OR 

Supply, 2008],The normal delay between the contraction of the atria and of the 

ventricles is 0.12 to 0.20 seconds. This delay is perfectly timed to account for 

the physical passage of the blood from the atrium to the ventricle. Intervals 

shorter or longer than this range indicate possible problems. The ECG records 

the electrical activity that results when the heart muscle cells in the atria and 

ventricles contract. Atrial contractions (both right and left) show up as the P 

wave. Ventricular contractions (both right and left) show as a series of 3 waves, 

Q-R-S, known as the QRS complex. 

The third and last common wave in an ECG is the T wave, This reflects the 

electrical activity produced when the ventricles are recharging for the next 

contraction (repolarizing). Interestingly, the letters P, Q, R, S, and T are not 

abbreviations for any actual words but were chosen many years ago for their 

position in the middle of the alphabet. The electrical activity results in P, QRS, 

and T waves that have a myriad of sizes and shapes. When viewed from 

multiple anatomic-electric perspectives (that is, leads), these waves can show a 

wide range of abnormalities of both the electrical conduction system and the 

muscle tissue of the heart's 4 pumping chambers [OR Supply, 2008]. 
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1.6 Depolarisation and Repolarisation 

A resting heart is polarised; there is a balance of charge in and out of each cell 

within the heart muscle, and no electricity flows. A cell at rest has a negative 

charge. As a stimulus occurs, positive ions enter the cell, changing the charge to 

positive. This is depolarisation and occurs in every cell of the heart muscle, 

causing the fibres to shorten. The shortening of the heart muscle fibres causes the 

heart muscle to contract. The positive ions are pumped out of the cell, returning it 

to its normal shape, thus relaxing the heart muscle. This return of the cells to a 

polarised or resting state is known as Repolarisation. 

The chemical make-up of the body allows the potential change, which occurs 

during depolarisation and repolarisation, to be transmitted and measured at the 

skin surface. The ECG is able to read this electrical activity which is displayed as 

waveforms; P, Q, R, S, T and U [OR Supply, 2008]. 

Figure (1.1) below illustrates the different waveforms for each of the specialized 

cells found in the heart. 
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Fig. (1.1) Electrophysiology of the Heart (waveform) 



1.6.1 The Three Lead E C G 

The electrical activity can be represented as a dipole (a vector between two point 

charges). The placement of the electrodes on the body determines the view of 

the vector as a function of time. Figure 1.2 represents the most basic form of the 

electrode placement which is based on Einthoven's triangle. This theoretical 

triangle is drawn around the heart with each apex of the triangle representing 

where the fluids around the heart connect electrically with the limbs. Lead I 

measures the differential potential between the right and left arms, Lead II 

between the right arm and left leg, and Lead 111 between the left arm and left leg. 

Fig.1.2 The Three Leads of ECG. 

Einthoven's law also states that the value of any point of the triangle can be 

computed as long as values for the other two points are known. This point is 
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crucial in the implementation of the design. It simplifies the overall analogue 

design and reduces the component count (and most importantly cost) as only 

two differential amplifiers are required. If any two leads (of the three lead ECG) 

are generated using the front end hardware the third lead may be generated 

entirely by software by simply subtracting (or adding) the two leads obtained 

from the analogue front end. The equations presented below verify the above 

statement [OR Supply, 2008]. The Einthoven limb leads (standard leads) are 

defined in the following way: 

Lead I: V, (1) ^ = potential at the left arm 

Lead It: VM = qf - qr (2) q r m potential at the right arm 

Lead III: ¥,„ = ttf" - yi (3) qf= potential at the left foot 

ManipulailoD of the above results yields: 
Lead i + Lead t i l» $ - f r ~ qf = qf - f r = Lead. It 

Similarly: 
Lead 13 - Lead 1 = Lead tit 

Fig. 1.3 shows the stress ECG system using in quantitative gated SPECT. 
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Fig. 1.3 Stress ECG System 
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Chapter Two 

Left ventricular ejection fraction 

2.1 Introduction 

Left ventricular ejection fraction (LVEF) is an essential variable an important 

factor for evaluating the prognosis of the patient with cardiovascular disease. 

And can be measured simultaneous with single dose of tracer using gated 

SPECT because such measurements could quantitatively evaluate global (EF) 

and regional (wall motion) cardiac function in addition to perfusion. The 

ejection fraction (EF) can be assessed non invasively using (ECG) gated 

tomography, however, the relatively long life of Tc-99m labeled tracers 

prevents simultaneous assessment of perfusion and cardiac function when using 

tracers for blood pool imaging. Recently, the technique of (ECG) gated SPECT 

with a tracer for perfusion imaging has been established an applied to measured 

LVEF in the scanning of profusion images. Numerous algorithms have proposed 

for calculation the LVEF from gated SPECT data. The most widely accepted 

algorithm, quantitative gated SPECT (QGS) cedars Sinai medical center, has 

largely contributed to the rapid growth of gated SPECT techniques. However , 

QGS leads to a systematic underestimation of the LVEF compared with planar 

equilibrium radionuclide angiography (ERNA). LVEF is a good clinical 

indicator of left ventricular systolic function. LVEF may be determined either by 

echocardiograph or radionuclide ventriculography. The calculation of LVEF is 

relatively simple in concept, although the calculations of volumes from 

echocardiographic images are more complex. Conceptually, estimation is made 

of the volume of blood in the ventricle at the end of diastole (on left) and the 

volume of blood remaining in the ventricle at the end of systole (on right) as 

shown in Fig. 2.1. [Tadamura E, 1999]. LVEF is the fraction of blood ejected 

in systole and is calculated as follows: 

LVEF= (EDV-ESV)/EDV (2.1) 
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Fig. 2.1 systolic and diastolic volume 
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2.2 Literature Review: 

Regarding different results when using different patients with different 

ages and gender, there were few numbers of studies to the LVEF 

obtained from different algorithm. Germano (1995) evaluated the 

accuracy of QGSPECT as a means of determining LVEF values that 

were compared with first-pass radionuclide angiography (FPRNA) in 

30 Patients. They found that LVEF using QGSPECT was good and 

accuracy was affected by high extracardiac activity, low count density, 

and small size of the left ventricle 

Jenkis (2004) studied the effect of defect size and Tc-99m tetrofosmin 

dose on the accuracy of LVEF calculation using the automated 

QGSPECT program. They reported that the LVEF obtained using high 

-dose(27mCi) stress QGSPECT correlated better with 

echocardiography than did that obtained using low-dose (8-mCi) rest 

QGSPECT (R=0.86 versus 0.76). Myocardial perfusion defects do not 

affect the accuracy of LVEF calculation using automated QGSPECT. 

Johnson (1997) Studied the LVEF using perfusion and functional 

analysis software for gated SPECT and blood pool using Tc-99m -

MIBI for 30 patients .they found that the correlation coefficient 

between Gated SPECT and the Gated Blood Pool(GBP) study was 0.82 

Due to several studies, LVEFs that calculated from gated SPECT have 

correlated well with gold standard, were accurate and reliable. 
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2.3 Gating 

The fundamental principle of ECG gating is illustrated in Fig. (2.2). During a 

SPECT acquisition, a 7-camera records the photons at multiple projection angles 

around the subject along a 180° or 360° arc. At each of the projection angles, 

one static image is acquired during an ungated image acquisition, whereas 

several dynamic images spanning the length of the cardiac cycle are acquired at 

equal intervals during an ECG-gated acquisition. Acquisition starts with the R 

wave on the ECG, which corresponds to the end-diastole. One cardiac cycle, 

represented by the R - R interval, is divided into multiple frames of equal 

duration. Image data for each of the frames are acquired repeatedly over many 

cardiac cycles and stored separately in the computer. During processing, all data 

of a particular frame are added together to construct a specific phase of the 

cardiac cycle. When all temporal frames are summed together, this is equivalent 

to a standard set of ungated perfusion images [Tadamura E, 1999]. 

E>'>'»SI5'C' •#> SI* JUVSAK* 

fti>.j>.;a.L"+ f * : v i > ' t » 

I ft • i * 
i i i S i i 

c 
£ S 

k 
1 ? O * 8> C 7 * 

F- a -M T v m 

Fig.2.2 Principle of ECG-gated acquisition, 
R-R interval on ECG, representing 1 
cardiac cycle, is typically divided into 8 
frames of equal duration (A). Image data 
from each frame are acquired over multiple 
cardiac cycles and stored separately in 
specific locations ("bin") of computer 
memory (B). When all data in a bin are 
added together, image represents a specific 
phase of cardiac cycle. Typically, a volume 
curve is obtained, which represents 
endocardial volume for each of 8 frames (C). 
ED = end-diastole; ES = end-systole 
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2.4 Framing 

In routine practice, acquisition of 8 frames per cardiac cycle is considered satisfactory. 

This allows the acquisition to be completed within a reasonable time, while sufficient 

counts are collected for optimal image quality. When a greater number of frames is 

acquired, better temporal resolution is achieved. But with an increased number of frames. 

Each frame is of shorter duration and the acquisition has to be prolonged to collect 

adequate counts. The LV ejection fraction (LVEF) measured from the 8-frame acquisition 

has been reported to be 3 units lower than that of the 16-frame acquisition, but the 

relationship is fairly uniform . With the availability of multi detector cameras and faster 

computers, a greater number of frames can be acquired without a significant increase in 

the acquisition or processing time [Steve M,1986]. Fig. 2.3 illustrates eight frames of 

gated SPECT to calculate LVEF. 

Fig. 2.3 Eight frames of gated SPECT to calculate LVEF 
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2.5 R a d i o p h a r m a c e u t i c a l 

2.5 .1 I s o t o p e s 

Isotopes of technetium 

Technetium, atomic number (Z) 43, is the lowest-numbered element in the 

periodic table that is exclusively radioactive. The second-lightest radioactive 

element, promethium, has an atomic number of 61. Atomic nuclei with an odd 

number of protons are less stable than those with even numbers, even when the 

total number of nucleons (protons + neutrons) are even. Odd numbered elements 

therefore have fewer stable isotopes [Simon R , 2003]. 

The most stable radioactive isotopes are technetium-98 with a half-life of 

4.2 million years (Ma), technetium-97 (half-life: 2.6 Ma) and technetium-99 

(half-life: 211,000 years).Thirty other radioisotopes have been characterized 

with mass numbers ranging from 85 to 118. Most of these have half-lives that 

are less than an hour; the exceptions are technetium-93 (half-life: 2.73 hours), 

technetium-94 (half-life: 4.88 hours), technetium-95 (half-life: 20 hours), and 

technetium-96 (half-life: 4.3 days) [Glein F, 1999]. The primary decay mode for 

isotopes lighter than technetium-98 is electron capture, giving molybdenum 

(Z=42). For heavier isotopes, the primary mode is beta emission (the loss of an 

electron or positron), giving ruthenium (Z=44), with the exception that 

technetium-100 can decay both by beta emission and electron capture. 

Technetium also has numerous nuclear isomers, which are isotopes with one or 

more excited nucleons. Technetium-97m; 'in' stands for metastability) is the 

most stable, with a half-life of 91 days (0.0965 MeV). This is followed by 

technetium 95m (half life: 61 days, 0.03 MeV), and technetium-99m (half-life: 

6.01 hours, 0.142 MeV). Technetium-99m only emits gamma rays and decays to 

technetium-99. Technetium-99 (9943Tc) is a major product of the fission of 

uranium-235, making it the most common and most readily available Tc isotope. 
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One gram of technetium-99 produces 6.2x 108 disintegrations a second (that is, 

0.62 GBq/g) [Simon R, 2003]. 

1 m C i = 37 M B q (2 .2) 

2.5.2 "mTc-Sestamibi 

Sestamibi is an isonitrile compound that, when labeled with " m Tc , has a half-life of 6 h. 

It produces T-energy rays of 140 keV (abundance), which are ideal for imaging. " m T c -

Sestamibi is extracted from the coronary circulation in proportion to the coronary blood 

flow. The first-pass myocardial extraction fraction of "mTc-sestamibi is 55%—68%. 

"mTc-Sestamibi myocardial cellular retention occurs specifically within the mitochondria 

as a result of an electrostatic interaction. Myocardial retention is prolonged. The 

myocardial uptake of "mTc-sestamibi is ^1.2%-1.5% of the injected dose. Unlike 201T1, 

"mTc-sestamibi shows minimal redistribution. The injected dose of "mTc-sestamibi is 

higher than that of 201T1, resulting in better counting statistics for imaging. The radiation 

dosimeter is favorable, with a total body absorbed dose of 0.50 rad [Simon R, 2003]. 

2.5.3 Gated radionuclide ventriculogram. 

Although computers can be used in a wide variety of tasks in nuclear medicine, the need 

to acquire and analyze gated radionuclide venticulographic data is usually the most 

compelling reason to purchase a computer system. After deciding which computer system 

to be decision must be made about how it will be used to acquire and analyze clinical 

studies. Many ventriculograms, making it particularly difficult to decide how these 

studies should be done and what parameters should be measured [Mannaerts HF, 2003]. 

Quantitative analysis include measuring the global left and right ventricular ejection 

fraction, cardiac output and ejection and filling rates. Trend analysis, which graphically, 

displays changes in all of these measurements, is very useful when evaluating the effects 

of physiologic intervention, such as an exercise. Even though computer vendor supply the 

user with several data acquisition and analysis program, choosing one program over 
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another can be of great importance since some programs are less than reliable than other 

[Tadamura E, 1999]. 

2.5.4 Type of radionuclide analysis: 

Subjective: 

Movie to assess wall motion. 

Functional images 

Stroke volume regional ejection fraction 

Phase analysis. 

Phase image. 

Amplitude image. 

Gating : 

Ternd analysis. 

R-R interval histogram. 

R- wave feed back. 

Quantitative analyses: 

Ejection fraction. 

Global left ventricle. 

Volume : 

Left ventricle 

End-diastolic. 

End -systolic. 

So to acquire gated radionuclide ventriculogram, the operator must make decisions about 

a number of the acquisition parameters, the total number of counts in the study , the 

number of frames per R-R interval, the arrhythmia rejection routines, and the matrix size 
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used can all affect subsequent analysis. In general, clinical studies are count limited 

because of limitations on the dose of radionuclide administered, the maximum count rate 

achievable, and the patient ability to remain motion -less. Four to five minutes per view 

is longest practical imaging time that can be routinely used when dealing with elderly 

sick patients. Even shorter acquisition times are mandated for exercise studies. Given 

these time limitations, there will be trade-off between sensitivity (the number of counts 

that can be acquired in this fixed a mount of time) and spatial resolution. The random 

fluctuations in the observed count at each point of the ventricular- volume versus time 

curve are equal to the square root of the number of counts [Tadamura E, 1999]. 

2.6 .1 Single photon emission computed tomography: 

Single photon emission computed tomography (SPECT, or less commonly, 

SPECT) is a nuclear medicine tomographic imaging technique using gamma 

rays. It is very similar to conventional nuclear medicine planar imaging using a 

gamma camera However; it is able to provide true 3D information. This 

information is typically presented as cross-sectional slices through the patient, 

but can be freely reformatted or manipulated as required. The basic technique 

requires injection of a gamma-emitting radioisotopes (also called radionuclide 

into the bloodstream of the patient. Occasionally the radioisotope is a simple 

soluble dissolved ion, such as a radioisotope of gallium (III), which happens to 

also have chemical properties which allow it to be concentrated in ways of 

medical interest for disease detection. However, most of the time in SPECT, a 

marker radioisotope, which is of interest only for its radioactive properties, has 

been attached to a special radioligand, which is of interest for its chemical 

binding properties to certain types of tissues. This marriage allows the 

combination of ligand and radioisotope to be carried and bound to a place of 

interest in the body, which then (due to the gamma-emission of the isotope) 

allows the ligand concentration to be seen by a gamma-camera [Richard N, 

1975]. 
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Because SPECT acquisition is very similar to planar gamma camera imaging, 

the same radiopharmaceutical may be used. If a patient is examined in another 

type of nuclear medicine scan but the images are non-diagnostic, it may be 

possible to proceed straight to SPECT by moving the patient to a SPECT 

instrument, or even by simply reconfiguring the camera for SPECT image 

acquisition while the patient remains on the table. To acquire SPECT images, 

the gamma camera is rotated around the patient. Projections are acquired at 

defined points during the rotation, typically every 3-6degrees. In most cases, a 

full 360 degree rotation is used to obtain an optimal reconstruction. The time 

taken to obtain each projection is also variable, but 15-20 seconds is typical. 

This gives a total scan time of 15-20 minutes. Multi-headed gamma cameras 

can provide accelerated acquisition. For example, a dual headed camera can be 

used with heads spaced 180 degrees apart, allowing 2 projections to be acquired 

simultaneously, with each head requiring 180 degrees of rotation. Triple-head 

cameras with 120 degree spacing are also used. Cardiac gated acquisitions are 

possible with SPECT, just as with planar imaging techniques such as MUGA. 

Triggered by Electrocardiogram (ECG) to obtain differential information about 

the heart in various parts of its cycle, gated myocardial SPECT can be used to 

obtain quantitative information about myocardial perfusion, thickness, and 

contractility of the myocardium during various parts of the cardiac cycle; and 

also to allow calculation of left ventricular ejection fraction, stroke volume, and 

cardiac output [Johnson LL, 1997]. 

2.6.2 Reconstruction: 

Reconstructed images typically have resolutions of 64><64 or 128x128 pixels, 

with the pixel sizes ranging from 3 -6 mm. The number of projections acquired 

is chosen to be approximately equal to the width of the resulting images. In 

general, the resulting reconstructed images will be of lower resolution, have 

increased noise than planar images, and be susceptible to artifacts [Simon R, 

2003], 
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Scanning is time consuming, and it is essential that there is no patient movement 

during the scan time. Movement can cause significant degradation of the 

reconstructed images, although movement compensation reconstruction 

techniques can help with this. A highly uneven distribution of 

radiopharmaceutical also has the potential to cause artifacts. A very intense area 

of activity (e.g. the bladder) can cause extensive streaking of the images and 

obscure neighboring areas of activity. (This is a limitation of the filtered back 

projection reconstruction algorithm. Iterative reconstruction is an alternative 

algorithm which is growing in importance, as it is less sensitive to artifacts and 

can also correct for attenuation and depth dependent blurring) [Simon R, 2003]. 

Fig. 2.4 shows the dual head gated SPECT Camera for reconstructed image. 
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Fig.2.4. Dual head gated SPECT Camera 
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Chapter Three 

Materials and Methods 

Thirty patients (age range 35-70 year) were used for evaluation of cardiac 

function (LVEF) using Tc-99m sistamibi SPECT [G Germano, 1995], Rest and 

redistribution gated image volumes were gathered 20min and 4 hours after a 

unique intravenous injection, both acquisition were performed after 10 min of 

rest using the same head of Gamma camera. Low energy general purpose 

collimator was used in this study. And the spectrometry was centered on 140 

keV Tc-99 m photo peaks. And 20% symmetric window [G Germano , 1995]. 

3.1 Gated 99mTc-MIBI SPECT and Data Analysis 

Gated acquisition (64 x 64 matrix) was done on a dual -head 7-camera (Siemens) 

and 60 min after intravenous administration of 555 MBq (mean ± SD) 99mTc-

MIBI, with 20 views, at 30 sec per view, and a zoom factor of 1.23. The cardiac 

cycle was divided into 8 equal intervals. All gates were reconstructed using 

filtered back projection (Butterworth filter, third order; critical frequency, 0.5). 

Both reorientation and data analysis were done by one observer (hereafter 

referred to as observer 1). The data were transferred to an ICON system 

(Siemens Inc.), where they were reoriented on the transversal planes, first 

parallel to the septum and then parallel to the inferior wall. The reoriented short-

axis datasets (voxel size, 5.8 x 5.8 x 5.8 mm3) were stored for analysis [ G 

Germano, 1995], 

Gated SPECT images were analyzed for the same functional variables with 3 

different quantification packages: ECTB (version 3.5.7.13) and 4D-MSPECT 

(version 2.1.6.5) on a Siemens e.soft workstation and QGS (version 3.0) on a 

Siemens ICON system. All SPECT datasets were evaluated by observer 1. All 3 

algorithms used automatic processing. Only ECTB and 4D-MSPECT had the 
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option of manual correction in case of inadequate anatomic delineation because 

the QGS was an older version that did not yet have this option. The newer QGS 

version on the Siemens e.soft workstation, based on the same algorithm as the 

ICON version, also allows manual correction. EDV and ESV values were given 

in milliliters and LVEF values were given in percentage. Gated SPECT 

procedure consists of a 180 circular orbit acquisition around the patients. The 

total image duration was 20 min. so each projection included 8 frames per 

cardiac cycle in 64x64 matrices. Perfusion volumes were derived from the 

summation of the 8 projections per cycle whereas contraction images were 

obtained from the addition of the 30 projections every eighth of a cycle [ G 

Germano, 1995]. 

3.2 Image Protocol for " m Tc-Labe led Agents. 

For stress imaging, 555 MBq-1.11 GBq (15-30 mCi) is injected at peak 

exercise. Gated SPECT is performed from 15 min to 2 h after injection, 

preferably within 15-30 min, to maximize stress myocardial defect contrast and 

minimize hepatobiliary and gastrointestinal interference [Godon Ed, 1993]. For 

rest imaging, 555 MBq-1.11 GBq (15-30 mCi) is injected at rest. Gated SPECT 

is performed within 45-60 min after injection. A 60-min delay is optimal for 

adequate hepatobiliary clearance of the radiotracer. Imaging too soon after 

injection will result in increased residual liver activity and increased counts in 

the adjacent inferior wall because of scatter and scaling. Waiting too long will 

decrease total myocardial count density and increase gastrointestinal 

interference. The optimal imaging window is when radiotracer activity has 

cleared from the liver and not concentrated in the gastrointestinal tract, that is, 

loops of bowel and the stomach (retrograde flow). In the event that there is a 

significant splanchnic or bowel overlap with the inferior wall, various 

maneuvers, such as drinking water or milk or eating fatty food, can be tried to 

alleviate the problem before repeating delayed imaging [Godon Ed, 1993]. 
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3.3 One-Day Rest -Stress or Stress-Rest Protocol Performed with 
Sestamibi or Tetrofosmin. 

The rest-stress sequence is significantly better than the stress-rest sequence in terms of 

detecting the reversibility of stress-induced perfusion defects. With the stress-rest 

sequence, the rest activity obscures some of the stress defect, resulting in the degradation 

of image contrast and a reduction in the detection of true reversibility [Johnson LL, 

1997].With the rest-stress sequence, there is a greater difference in counts between 

normal and abnormal areas of the myocardium on stress images. This difference results in 

better normalization of the abnormality on rest images. A 3- to 4-h delay between rest 

imaging and stress imaging allows radioactivity to decay by 29%-37%, thereby providing 

better image contrast, however, the American Society of Nuclear Cardiology guidelines 

offer the option to proceed immediately from rest imaging to stress imaging during a 1-d 

protocol as long as the higher dose is 3.5-4.0 times the lower dose. Images from a 2-d 

protocol and images from a 1-d (rest-stress) protocol are shown in Fig.3.1.a,b. Both 

studies are normal. The studies were obtained with the same camera. The images from the 

studies are very comparable in features and quality [Johnson LL, 1997]. 
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Fig. 3.1 a. Images obtained with 2-days 99mTc-sestamibi protocol. Findings are 
normal. And b. Images obtained with 1-day "mTc-sestamibi protocol. Findings are 
normal. 
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3-4 Filtered backprojection: 

The most basic approach for reconstructing an image from the profiles is by 

simple backprojection. When the backprojections for all profiles are added 

together, an approximation of the distribution of radioactivity within the scanned 

slice is obtained.Like the direct FT algorithm FBP employs the projection slice 

theorem but uses the theorem in combination with backprojection in a manner 

that eliminates 1/r blurring the steps as follows: 

1-Acquire projection profiles at N projection angles as shown in Fig.3.2 (same 
as direct FT) [Simon R, 2003]. 

2- Compute the 1-D FT at each profile (same as direct FT). In accord with the 
projection slice theorem this provides values of the FT for a line across k-space 
as shown in Fig.3.3. 

3- Apply a 'ramp filter' to each k-space profile as shown in Fig.3.4, 

mathematically, this involves multiplying each projection FT by [k], the 

absolute value of the radial k- space coordinate at each point in the FT. Thus the 

value of FT is increased 'amplified' linearly in proportion to its distance from 

the origin of k-space. Fig.3.5 illustrates the profile of ramp filter, with filter 

amplitude denoted by H(kr). Applying the ramp filter produces a modified FT 

for each projection, given by. 

p'(kr, 0)=[kr]p(kr , <D) (3.1) 

Amplification of high spatial frequencies in FBP also leads to amplification of 

high frequency noise. Since there usually is little signal in the very highest 

frequencies of nuclear medicine image, whereas statistical noise is 'white noise' 

with no preferred frequency, this also leads to degradation of (SNR). For this 

reason, images reconstructed by FBP usually appear noisier than images 

reconstructed by simple backprojection. In addition, filters that enhance high 

frequencies sometimes have edge sharpening effects that lead to 'ringing' at 

sharp edges. This is an unwanted byproduct of the positive negative oscillation 

introduced by the filter [Simon R , 2003], 
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Fig.3.2 Two -dimentional (2-D) intensity display of a set of projection profilels , 
khnown as a sonogram . Each row in the display corresponds to an individual 
projection profile , sequentially displayed from top to bottom. A point source of 
radioactivity traces out a sinusoidal path in the sonogram. 

profile of the 2-D object f(x,y) at the projection angle 0, the theorem state that 1-D 
Fourier transform of the this projection profile equal to the value of 2-D Fourier 
transform of the object. 
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Fig.3.4 Ramp filter and two other 
reconstruction filters that are designed to pre-
vent artifacts and noise amplification caused by 
the sharp cut-off of the ramp filter at the 
maximum frequency kmaK. Note that ail of the 
filters shown have the same response at lower 
frequencies and cut-off frequencies are set so 
that Acut-ofr = km,lx. However, the Hann and 
Shepp-Logan filters roll off gradually at higher 
frequencies, thereby minimizing artifacts and 
noise amplification. 

Fis.3.5 Earap filter in I ho spatial-
requeney (K-space) domain. The filter solec-

lively amplifies high-frequency components 
relative to low-frequency components. The 
filter removes (lie 1,-r blurring present in 
simple backprojection and also sharpens image 
detail, hut it also amplifies high-frequency noise 
components in the imaye. 
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Chapter Four 

Quality control 

4-1 Introduction 

For determination of count statistics, a circular region of interest (ROI) was drawn around 

the epicardium on the 45 left anterior oblique projection, which corresponded to the 

steps for most acquisitions. Within each patient, we kept the same ROI size between early 

and late images. Additionally, an unvarying - sized pulmonary ROI was drawn at the 

middle third level of the right lung field on the anterior projection, which was usually the 

fifth step of tomograms. Within these ROIs as shown in Fig.4.1.a., total count, 

absolute minimum, absolute maximum, and mean-per -pixel were measured to quantify 

myocardial uptake and lung to - heart ratio. Ultimately, an analysis of uptake 

heterogeneity was performed by calculating SD and skew ness of the activity 

histogram within the myocardial ROI, and the 2-dimentional ( 2D) gradient of spatial 

distribution (average slope of the intensity profile between 2 neighboring pixels) 

[Simon R, 2003]. 

Fig.4.1 .b illustrates the histogram and volume curve to calculate left ventricular ejection 
fraction. 

4-2 Perfusion analysis: 

After the sonogram was checked, perfusion image volumes were reconstructed by 

filtered backprojection with a 2D Butterworth filter (order 4.0, cutoff 0.25 cycles per 

pixel) and manually reoriented. Perfusion defects were quantified by Cardio 

Match (health center internet Services)., and automated software package previously 

validated , briefly, this interface automatically determined left myocardial edges and 

matched them to the reference template of normal perfusion distribution. Then, it 

compared the perfusion intensity within each voxel to the mean intensity of the 

corresponding voxel issued from a database of gender- matched and template- matched 

normal perfusion scans[G Germano, 1995]. 
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Fig.4.1 (a) Image of lateral anterior oblique for the heart (LV) and (b) the histogram 
and volume curve to calculate left ventriclular ejection fraction (LVEF). 



4.3 L V E F Processing and display: 

Transaxial reconstruction with ramp-filtered backprojection is most common. A 

Butterworth filter window is best suited for myocardial studies, with order 

number and cutoff frequency to be determined by the operator according to each 

system. However, other filters are equally acceptable as far as artifacts are not 

introduced. Iterative reconstruction methods are now available in modern 

systems and may represent a better alternative. Oblique-angle reorientation is 

necessary to obtain short-axis, horizontal and vertical long-axis of the left 

ventricle. Post- reconstruction magnification is recommended, specially for 

small hearts. Image display should include comparative slices 1-2 pixel width of 

stress and rest studies presented in the three planes. Short axis tomograms are 

displayed from apex to base, horizontal long axis with the apex pointing 

upwards and septal wall to the left, from anterior to inferior wall, and vertical 

long axis with the apex to the right and the anterior wall above, from septal to 

lateral wall [G Germano, 1995]. Semi-quantitative evaluation of myocardial 

perfusion can be achieved through bull's eye display or polar maps, instrumented 

in most systems. This is a two-dimensional representation of a three-

dimensional distribution of the radiotracer in the myocardium which allows 

visualization of perfusion defects in a compressed format, including their 

extension and degree of reversibility. Previous processing steps for the 

generation of polar maps are to be followed carefully as described by the 

manufacturer in order to avoid introduction of artifacts, and the results should 

always be compared with direct observation of conventional tomograms. For 

gated SPECT, special software is commercially available from at least four 

different developers, although two of the program packages have gained more 

widely acceptance: QGSPECT (Cedars Sinai) and Emory Toolbox (Emory 

University). Processing usually requires minimal operator input and the results 

are automatically calculated and displayed in a fixed format containing 

qualitative and quantitative information on ventricular function including left 

ventricular ejection fraction and volumes. Observation of dynamic data in cine 

mode is essential to evaluate regional wall motion and thickening in the three 
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orthogonal planes [G Germano, 1995]. If available, attenuation correction 

should be applied as far as the method employed is reliable and has been 

validated. Attenuation correction offers the potential for improved diagnostic 

accuracy but require a modified approach to image interpretation because 

resultant images may have different "normal" patterns as compared to 

conventional, non-corrected images. The Society of Nuclear Medicine and the 

American Society of Nuclear Cardiology have published a joint position 

statement recommending that attenuation correction should be regarded as a 

method for which the weight of evidence and opinion is in favour of its 

usefulness [ G Germano, 1995]. 

4.4 QGS Method 

First reconstructed the gated volumes using Butterworth filter ( order5.0, cutoff, 0.35 

cycle per pixel), then detected the endocardial surfaces on short - axis slices for each of 

the 8 fames per cardiac cycle .And finally derived LVEF from end - diastolic and end-

systolic ventricular volumes[ G Germano, 1995]. 

4.5 The effect of reconstruction filters on the calculation of LVEF: 

The calculation of LVEF relies upon the identification of the endocardial surface, which 

will be affected by the spatial resolution and statistical noise in the reconstructed 

images there was a trend towards higher LVEF values with smoother fdters, the ramp 

filter yielding LVEFS lower than the Hann filter. There was an overall fall in ventricular 

volumes with smoother filters with a mean difference in EDV between the Butterworth 

0.5 and Butterworth 0.3 filte In conclusion, smoother reconstruction filters lead to lower 

volumes and higher ejection fraction with QGS algorithm. Even if the optimal filter is 

chosen the uncertainty in the measured ejection fractions is still too great to be clinically 

acceptable [Simon R , 2003], 
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4.6 Measurement of ejection fraction: 

Unfortunately, the true statistical accuracy of the ejection fraction calculation is worse 

than it first appears. So to calculate the number of end- diastolic counts, the 

background counts must be subtracted from the total number of ventricular counts. Since 

background usually is about 60% of the total number of the left ventricular counts, only 

4000 counts would remain at the background- corrected end-diastol ic point of the 

ventricular-volume -versus- time curve. 

Background correction does not change the error caused by the counting statistics (±100 

counts= (10000)!/2) and the error in the end - diastolic point is therefore 2.5% 

(100/4000* 100).And the calculation of the error in the ejection fraction measurement 

caused by the counting statistics alone requires combing the independent statistical error 

that made in the measuring both the end - diastolic and end - systolic points. 

Table 4.1 lists the errors for variety of the total counts. 

In order to reduce the statistical error in the calculation of the ejection fraction to less 

than 2%, at least 50000 counts per non- background -corrected point are needed in the 

ventricular- volume- versus time curve [Tadamura E, 1999]. 

Table 4.1 The ES&ED counts and Ejection fraction. 

Total Ed SD of Total ES SD of ES Background SD of CV of 
counts total ED counts counts counts Background (EF) 

counts counts 
10000 100 7600 87 6000 77 4.63 
50000 224 38000 195 30000 173 2.05 

100000 316 76000 276 60000 245 1.55 
500000 707 380000 616 300000 548 0.65 

1000000 1000 760000 872 760000 775 0.46 

-Assume 60% background, 60% EF. 

- Standard deviation of col(l); col(2)=col(l)!/2 . 
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-For an EF of 60% and the background of 60% 

0.6=[ col(l)-col(3)] /[col(l) -(0.6*col(l)[ (4.1) 

Therefore ;col(3)= 0.76*col(l). 

-Col(4) =col(3)!/2 . 

For background =60% the total ED counts,col(5)= 0.6*col(l). 

-Col(6)= col(5) VT. . 

Coefficient of variation (CV) in the EF: 

CV= (ED-ES)/(ED-BKG). 

Therefore 

Col(7)=[(eol(2))2+(col(4))2 +(col(6) 2]V4 *100/ [ (col(l)-col(5)) ] (4.2) 

Collimator selection can be aided by determining which collimator will permit the 

Detection of approximately 50000 counts in the ventricular r eg ion-of - in te res t in 5-

minutes. 

Usually this means using the high- sensitivity collimator, although collimator designs and 

names vary from one manufacture to another, so that the actual measurement of the count 

rates is necessary. With counts collected offsets the disadvantage of te decreased spatial 

resolution [Tadamura E,1999[. 

Detecting wall motion abnormalities is not a high -resolution task, since motion can be 

Simply detected by the change in count rate. 

Wall motion of a fraction of a pixel can be measured , since it will result in fewer counts 

in the pixel. 

The number of frames collected per R-R interval determines the temporal resolution o the 

study, some measures of the ventricular function (e.g. Ejection fraction) can be measured 

with relatively low frame rates such as 16 fames per R-R interval. Others (e.g. the peak 

filling ra tes) require higher temporal resolution ( 2 5 frames per R - R interval) 

The choice of how many frames to acquire depend heavily on what indices of function 

will be measured as shown in Fig. 4-2 (a,b). 
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Note that the total number of counts per frames with higher temporal resolution 

must be increased if the same statistical accuracy per frame is to be maintained 

fTadamunt E,1999]. 

Fig. 4.2 (a). Quantitative image for LVEF with a distribution of the activity in the ventricle, 
(b). images for LVEF with temporal resolution. 

4-7 The matrix mode study: 

In order to understand how an acquisition program might deal with the arrhythmia 

problem, an understanding of how gated study is normally acquired is necessary . The 

acquisition programs usually select an initial RR intervals on the basis of the average of 

several (10 to 20) beats. The frame duration is then calculated by dividing the average RR 

interval by the number of frames chosen for the study. For example, in a patients whose 

heart rate is 60 beats per minute, each frame of a 20 frame study would have a frame 

duration of 50 ms [Richard N,1975]. 
The matrix representing each image in the study is stored in the system's computer 

memory. Each memory location (byte) corresponds to pixel the image; therefore a 32 

frame, 64x64-pixel study requires 1 3 1 , 0 7 2 ( 3 2 x 6 4 x 6 4 ) bytes ( 131,072/1024= 128 

kbytes) of memory. When a radioactive event is detected, the value of the appropriate 
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pixel (memory location) is increment is a two-steps process that depends on when the 

event occurred relative to the R wave and the x and y value of the event. Typically, 

events are added to the appropriate pixels immediately after they occur. Once they have 

been added to the pixel, all knowledge of when they occurred is lost. Counts from 

hundreds heart beats are added together, and the final volume curve is therefore 

representative of an average heartbeat. Since all events are placed in images according to 

their timing relative to R wave , premature beats shorter than normal R- R interval) cause 

the computer to redirect its data input into the early frames of the study. The later frames 

of the study may have fewer counts, since they contain no counts from beats with shorter 

R- R intervals. 

Fig.4.3 shows the wall thickness of left ventricle (LV) and base and apex of LV using 

matrix mode study. 

4-8 The List mode study: 
The best way to manage arrhythmias is to collect the study in which they are imaged as 

List- mode study, with this type of study, the x and y coordinates of each detected 

Scintillation are stored in a list which also contains timing mark, usually every 

millisecond. A unique x, y pair, typically a corner pixel which is not in the field of view, 

is used to encode the timing marks in the list of data. Another unique x, y pair is used to 

encode the R wave. Scintillations detected with these unique coordinates are filtered from 

the data stream to avoid their confusion with timing and R wave marks. This type of 

study contains more information than the gated - matrix mode acquisition described 

above. The list mode study preserves the knowledge of the beat during which the 

scintillation occurred, and the study can therefore be retrospectively formatted, 

selecting only the beats of interest[Richard N, 1975]. 

List mode data acquisition is very desirable in patients with arrhythmias. Despite this 

advantage, it has not been widely used because of its massive storage requirements. 

Fig.4.4 shows the wall thickness of left ventricle after the attenuation correction and 
using list mode study. 
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Fig.4.4 The wall thickness of Left ventricle(LV) 
after The attenuation correction 
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Fig. 4-5 below shows the quantitative image of left ventricle of 3-D (APEX,BASE,LA'T) 
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Fig.4-5 Quantitative image of left ventricle of 3-D( APEX,BASE,LAT) 
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Chapter Five 

Results and discussion 

5.1 Results: 

The calculation for the left ventricular ejection fraction was obtained from the end 

diastolic volume and end systolic volume in difference ages and gender at both rest and 

exercises status, using equation (2-1) in Chapter 2 . And then the plotted curve was done 

for end diastolic volume and end systolic volume(EDV.vs.ESV) as shown in Table (5-1). 

After that we calculated the average using excel spread sheet ( X =£x/n) and difference between 

lvefl and lve£2 and lvef3. Also the standard deviation was calculated for all LVEF for all 30 

patients as show in Table (5-2). Fig.5.2.a,b show the plotted curves for LVEF1 vs. LVEF2 and 

LVEF2 vs.LVEF3 and their trend line 

The simplest way to get the regression formula for your data is to create a simple XY 

chart and to add the Trend line formula and r2 values from the options dialogue. 

This simple technique only provides the equation and r2 values as text on the chart. If you 

want to use the equation or conduct significance test, you need to use one of the other 

techniques. Equation (5-1) shows the linear regression method to find r-value and 

intercepts [Stadius ML, 1985], Fig.5.3.a,b show the plotted curve for LVEF1 

vs.LVEF(ref.) and LVEF2 vs.LVEF(ref.) and their trend line. 

So from the data analysis we found that r- value for LVEF1 .vs.LVEF2 for 30-patient is 

(0.79), p-value<0.05 and for LVEF 1. vs. LVEF (ref) is equal to 0.85, and p - value 

<0.05 and 95% confidence interval was 6.82 as shown in table (5.3). 

J" s* CY + il'X 
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Table 5.1 End Diastolic Volume( EDV), End Systolic Volumethe (ESV) 
and caculated Left Venticular Ejection Fraction(LVEF)of 30 Patients 

EDV ESV LVEF % Gender Age(year) state 
70 50.05 28.5 Male 55 Rest 

70.5 61.97 12.09929 Male 65 Rest 
77.8 58.51 24.79434 Male 55 Rest 

97 42.58 56.10309 Male 58 Exersice 
86.2 58.36 32.29698 Male 66 Rest 
75.8 53.14 29.89446 Male 67 Rest 
66.9 53.25 20.40359 Male 54 Rest 
90.6 41.4 54.30464 Male 40 Exersice 
88.5 45.49 48.59887 Male 45 Exersice 
76.3 29.38 61.4941 Female 49 Exersice 
80.6 44.57 44.70223 Male 50 Exersice 

79 59.09 25.20253 Male 68 Rest 
92.2 25.63 72.20174 Female 41 Exersice 
88.6 41.02 53.70203 Female 42 Exersice 
76.7 56.22 26.70143 Male 70 Rest 
80.2 28.87 64.00249 Female 35 Exersice 
76.3 39.83 47.79817 Female 39 Rest 
71.4 24.2 66.10644 Female 36 Exersice 
78.1 37.96 51.39565 Female 37 Exersice 
90.4 33.27 63.1969 Female 35 Exersice 
77.7 13.76 82.29086 Female 69 Exersice 

89.92 22.57 74.89991 Female 61 Exersice 
82.6 61.78 25.20581 Male 68 Rest 
75.6 33.34 55.89947 Male 45 Exersice 
78.7 55.4 29.6061 Male 52 Rest 
79.8 64.4 19.29825 Male 63 Rest 

85.72 54.18 36.79421 Male 53 Rest 
91.6 65.4 28.60262 Male 37 Rest 

78.71 37.39 52.49651 Male 36 Exersice 
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Fig.5.1 Plotted curve EDV. vs. ESV. 
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Table 5.2 The results of %LVEF for 30 patients at rest and exercise and statistical 
analysis. 

RESULTS OF % LVEF FOR 30 PATIENTS AT REST and EXERCISE 

N = 30 DEGREE OF FREEDUM= N-1 = 29 

Pa t i en t NUMBER %LVEF1 %LVEF2 %LVEF3 AVR D!FF(LVEF1&2) DIFF(LVEF2&3) STDEV 
1 28.5 34.3 32.4 24.05 -5.8 1.9 2.956: 
2 12.1 15.3 15.4 11.2 -3.2 -0.1 1.8771 
3 24.8 16.2 19.9 15.975 8.6 -3.7 4.313! 
4 56.1 60.3 58.8 44.8 -4.2 1.5 2.121 
5 32.3 41.7 41.5 30.125 -9.4 0.2 5.370: 
6 29.9 32.9 31.9 25.175 -3 1 1.527i 
7 20.4 22.8 24.7 18.725 -2.4 -1.9 2.15' 
8 54.3 68.5 65.5 49.075 -14.2 3 7.484: 
9 48.6 58.8 56.2 43.15 -10.2 2.6 5.300: 

10 61.5 56.8 55.5 45.95 4.7 1.3 3.156' 
11 44.7 62.3 57.9 43.975 -17.6 4.4 9.15' 
12 25.2 37 33 26.8 -11.8 4 6.001' 

13 72.2 59.3 62 51.625 12.9 -2.7 6.803f 
14 53.7 35.3 39 35.5 18.4 -3.7 9.732J 
15 26.7 42.8 42.3 31.7 -16.1 0.5 9.154' 
16 64 50 54.8 46.2 14 -4.8 7.114: 
17 47.8 29.9 29 30.925 17.9 0.9 10.60: 
18 66.1 80.3 75 59.85 -14.2 5.3 7.1751 
19 51.4 35.5 36.5 35.6 15.9 -1 8.905: 
20 63.2 50.5 47.6 45.325 12.7 2.9 8.297' 
21 86 78.3 76.5 65.45 7.7 1.8 5.046' 
22 74.9 49.5 47.5 48.475 25.4 2 15.27-

23 25.2 32.1 29.6 27.475 -6.9 2.5 3.493: 
24 55.9 53.1 58 47.75 2.8 -4.9 2.458: 
25 29.6 15.3 20 22.475 14.3 -4.7 7.288! 
26 19.3 24.5 20 22.45 -5.2 4.5 2.821! 
27 36.8 56.3 51.9 43 -19.5 4.4 10.22' 

28 28.6 22.9 30.8 27.575 5.7 -7.9 4.077 
29 52.5 53.7 50 46.3 -1.2 3.7 1.8871 
30 60.7 41.3 41.7 43.425 19.4 -0.4 11.08i 

AVR 45.1 43.91667 43.49667 37.00333333 1.183333333 0.42 
STDEV 19.12123 17.82314 16.56024 13.20336414 12.66499611 3.372137356 
Conf.lnterval 6.842444 6.377927 5.926008 4.724763179 4.532110652 1.206703855 
R2 (LVEF1&2) 
R (LVEF1&2) 
R2 (LVEF2&3) 
R(LVEF2&3) 

0.5885 
0.767138 

0.9672 
0.983463 
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Table 5-3 The results of %LVEF1&2 and %LVEF (ref) and the data analysis of 30 patients 

Patient NUMBER %LVEF1 %LVEF2 %LVEF(RE 
1 28.5 34.3 26 
2 12.1 15.3 28 
3 24.8 16.2 30 
4 56.1 60.3 62 
5 32.3 41.7 54 
6 29.9 32.9 26.1 
7 20.4 22.8 26 
8 54.3 68.5 58.1 
9 48.6 58.8 45 

10 61.5 56.8 64 
11 44.7 62.3 45 
12 25.2 37 40 
13 72.2 59.3 70 
14 53.7 35.3 47 
15 26.7 42.8 35 
16 64 50 71 
17 47.8 29.9 38 
18 66.1 80.3 80 
19 51.4 35.5 55 
20 63.2 50.5 44.4 
21 86 78.3 80.2 
22 74.9 49.5 70 
23 25.2 32.1 29.1 
24 55.9 53.1 61.1 
25 29.6 15.3 31 
26 19.3 24.5 29 
27 36.8 56.3 55 
28 28.6 22.9 31.8 
29 52.5 53.7 44.4 
30 60.7 41.3 38 

AVR 45.1 43.91667 47.14 
STDEV 19.12123 17.82314 16.93237 
Conf . ln terval 6.824 6.377 
R2 (LVEF1&2) 
R (LVEF1&2) 
R2 (LVEF2&3) 

0.5885 
0.767138 

0.9672 
0.983463 

R2( LVEF1& ref) 0.7269 
R(LVEF1&ref) 0.852584 
R2( LVEF2& ref) 0.674 
R( LVEF2& ref) 0.820975 
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LEFT VENTRICULAR EJECTION FRACTION 
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Fig.5.2 .a. LVEF1 .vs.LVEF2 and the trend line. 

LEFT VENTRICULAR EJECTION FRACTION 

Fig.5.2.b shows the Left ventricular ejection fract ion(LVEF2&LVEF3) of 30 
patients and the correlation. 
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Fig.5.3.a. LVEF1 vs. LVEF(ref) and the trend line. 
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Fig.5.3.b. LVEF2 vs. LVEF(ref) and the trend line. 
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5-2 Discussion: 

A larger amount of radioactivity is injected at stress with the rest-stress " m T c 

perfusion tracer protocol or with a dual isotope study, and the post stress 

tomograms are gated more commonly than are the resting images, with the 

assumption that the post stress result would reflect resting function. The results 

of our study, however, did not support this assumption. By using a same-day 

rest-stress or stress-rest sequence, we documented persistent functional 

abnormalities after an episode of acute ischemia Fig. 5.4.shows representative 

SPECT scans obtained at the middle of the left ventricle at rest and early after 

stress demonstrate severe perfusion abnormalities. 

Findings from initial studies have demonstrated thattransient development of regional 

wall motion abnormalities and a global decrease in ejection fraction during stress resolve 

early in recovery once the stress is discontinued. Findings from these studies 

however, have demonstrated a persistence of regional wall motion abnormalities up to 2 

hours after completion of exercise stress testing. There are several possible explanations 

for the discrepancies between the results of these studies. High levels of circulating 

cathecholamines present immediately after exercise may reduce ventricular volumes and 

increase the ejection fraction, particularly in patients with mild or moderate ischemia. 

Using echocardiographic imaging, investigators have demonstrated the persistence of 

regional wall motion abnormalities up to 30 minutes after completion of exercise 

in a high proportion of patients with multivascular disease. Persistence of 

functional abnormalities after an episode of ischemia has been well documented in animal 

models and in humans The phenomenon of postischemic stunning has been well 

described and consists of the presence of abnormal regional function in the absence of 

necrosis. Persistence of functional abnormalities are certainly proportional to the degree 

of ischemia induced and the duration of ischemia. 

Fig. 5.5. shows Three-dimensional solid contoured images obtained in the same patient 

as in represent the left ventricular cavity in end diastole (ED) and end systole (ES). 
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Fig.5.4. Representative SPECT scans obtained at the 
middle of the left ventricle at rest and early after 
stress demonstrate severe perfusion abnormalities 
(arrows) in the anteroseptal wall (short-axis [&4] 
view), apical wall (horizontal long-axis [HLA] 
view), and anterior wall (vertical long-axis [VLA] 
view) during stress. Images obtained at rest are 
almost normal. 

Fig.5.5. Three-dimensional solid contoured images 
obtained in the same patient as in represent the left 
ventricular cavity in end diastole (ED) and end 
systole (ES). The mesh part of the images defines 
the epicardial borders. An anterior wall motion 
abnormality (arrow) is depicted on the poststress 
images with greater volumes and lower ejection 
fractions (EF, in percentages) than those of the rest 
images. 
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One of the potential technical explanations for our findings (rather than a true 

physiologic phenomenon) is the presence of severe perfusion abnormalities and 

the problems with the edge detection algorithm in finding the correct endocardial 

border because of the presence of decreased counts. The edge detection 

algorithm used in our study, originally described by Germano identifies 

perfusion in underperfused areas of the myocardium by extracting count profiles 

from the nonthreshold image. Despite the predominant perfusion abnormality in 

the endocardium during ischemia, some degree of myocardial perfusion is 

always seen in the epicardium and detected in the count profiles. Furthermore, 

an asymmetric Gaussian curve is fitted to each profile, and the inner and outer 

SDs of the curve are measured. When perfusion is severely depressed along a 

profile, these SDs are combined with those of each of its four spatial neighboring 

profiles. Therefore, it is unlikely that technical factors are the explanation for our 

findings. Our study findings demonstrate that there is a high correlation between 

LVEFs obtained at rest and after stress with gated SPECT and same-day rest-

stress or stress-rest protocols. However, a decrease in the LVEF obtained after 

stress compared with the LVEF at rest is associated with a very ischemic 

perfusion scan pattern. In the clinical setting, LVEFs obtained after stress with 

gated SPECT and a same-day protocol may not reflect true resting 

measurements. This finding carries important practical and clinical 

considerations in the interpretation of basal left ventricular function from 

poststress measurements in patients undergoing gated myocardial perfusion 

imaging studies. 
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Chapter Six 

Conclusion 

6.1 Conclusion 

1 .Physicians responsible for gated radionuclide studies must make many 

decisions regarding their acquisition and analysis. The analysis should include 

measurement of ejection fraction as well as chamber size and regional wall 

motion. Each study must be checked to make certain that the subject and 

quantitative assessments are in agreement. 

2. Also, we found that the stress patients have higher left ventricular ejection 

fraction than rest patients during systolic and diastolic volumes. 

3. From this research we found that Women has higher calculated ejection 

fraction than men. In the analysis of the data, the correlation between LVEF 

values was good and the r value within acceptance value ( LVEF1 & LVEF2 

r =0.76 ,and p- value =0.4 and for LVEF2 & LVEF3 r = 0.98). 
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