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CHAPTER Ι 

INTRODUCTION 

1.1 Background and rationale 

Computed Tomography (CT) is a medical imaging modality which cross-sectional 
image of body has been obtained since its introduction into diagnostic radiology in 
early 1970s. Technical developments in CT result in the introduction of multi-detector 
computed tomography (MDCT) in 1999 [1]. MDCT is aiming to improve spatial 
resolution by decreased slice thickness and scan time, increase area of coverage by 
increasing detector rows and shortening tube rotation time. At present, the numbers of 
detector slices have been developed from 4, 16, 64, 128, 256 and 320. As the number 
of detector slice increases and with faster gantry rotation speed, the temporal 
resolution and spatial resolution improve leading to better cardiac imaging. 

Coronary artery disease (CAD) is an important cause of mortality and morbidity 
worldwide. According to WHO estimation in 2004, 16.7 million people die of 
cardiovascular diseases each year [2]. Noninvasive method to evaluate the heart and 
its coronary arteries has long been desired by the medical community. CT is one of 
the best modality producing high spatial resolution image, fast scanning speed and 
adequate area of coverage. The coronary arteries have been visualized directly by 
Coronary Computed Tomographic Angiography (CCTA) as shown in figure.1.1. 
CCTA requires the injection of intravenous contrast medium to visualize the coronary 
arteries, to determine whether plaque is present, and if so, to determine the degree to 
which it narrows the artery. CCTA assesses for the presence and determines the 
severity of blockages of the arteries to the heart (coronary arteries). These blockages 
are due to fat and cholesterol ("plaques") that stick to the arterial wall and narrow the 
arteries. They are the principle cause of heart attack and sudden cardiac death. Severe 
blockade of the coronary arteries also causes chest pain and shortness of breath.  

 

 

 

 

 

                           (a)                               (b) 

Figure 1.1; (a) CT images of the curved thin-slab maximum-intensity projections 
through the centerline of the right coronary artery (RCA single arrow), left anterior 
descending artery (LAD double arrows), and left circumflex artery (LCX triple 
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arrows). (b) CT volume-rendered image of RCA (single arrow) and LAD (double 
arrows).  

Many studies [6], [8] have shown that the accuracy for detecting CAD by 
MDCT is high compared to conventional coronary angiography. MDCT scanners 
(seventh generation) offer the greatest degree of spatial and temporal resolutions 
owing to up to 320-detector channels, gantry rotation times of 0.35 seconds and 
collimation as narrow as 0.5 mm. These parameters are important to produce high 
definition coronary artery MDCT imaging and are invaluable in imaging of 
myocardial and valve function, pulmonary vein and aortic anatomy. 

ECG gating enables acquisition of image data and image reconstruction at 
precise time points during the R-R interval. Image acquisition can occur throughout 
the R-R interval (retrospective gating) or at a predefined time point (prospective 
gating). In prospective gating, the radiation source is active only during a short 
segment of the R-R interval, optimally at 70 - 80% of the R-R interval when imaging 
the coronary arteries. Using retrospective gating, image data are acquired throughout 
several cardiac cycles and is subsequently divided into segments based upon the time 
lapsed from the beginning of each R-R interval. The first R wave is the 0% time 
point; each subsequent R wave is the 100% time point for the previous cardiac cycle 
and the 0% time point for the next R-R interval. The user defines the segment of 
image data which will be reviewed for diagnosis.  

The radiation dose delivered to the patient is much higher using retrospective 
gating compared to prospective gating because the patient is exposed to radiation 
continually, throughout the scan. Each MDCT manufacturer has a method for dose 
reduction when using retrospective gating during the phases of the scan which are 
typically suboptimal for coronary artery imaging. So, the effective radiation dose 
from CCTA is an important factor for the awareness of the risk to the patient. Usually 
the patient dose in CT is expressed in terms of Computed Tomography Dose Index 
(CTDI) and Dose-Length Product (DLP) leading to the calculation of the effective 
dose. 

 

1.2 Objective 

To evaluate radiation dose and image quality of Coronary Computed 
Tomographic Angiography in 320-Detector Row Computed Tomography. 

 

1.3 Definition 

Multi-slice Detector Computed 
Tomography (MDCT) 

CT scanner with detector array of more 
than single row of detectors that allows the 
simultaneous scanning of more than one 
slice.  
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Coronary artery disease (CAD) The condition which plaque   builds   up 

inside the coronary arteries. 
  
Coronary Computed Tomographic 
Angiography  (CCTA)                                                      

Non invasive method to evaluate the  
coronary arteries by the use of                                                                  
Computed Tomography      
                                                                                                            

Computed Tomography Dose Index 
(CTDI) 

The equivalent of the dose value inside the 
irradiated slice that would result if                                                                   
the radiation dose profile were entirely                                                                        
concentrated to rectangular profile of                                                                                             
width equal to the nominal slice                                                                       
thickness. Accordingly, all absorbed                                                                        
dose contributions from the nominal                                                                         
slice width, i.e. the areas under the tails                                                                        
of the dose profile, are added to the area                                                                        
inside the slice.      
                                                                                                                                     

Dose-Length Product (DLP)                           An indicator of the integrated radiation                                                                        
dose of an entire CT examination. The                                                                       
DLP incorporates the number of scans                                                                        
and   the   scan   width (i.e., total scan                                                                       
length). The definition of DLP is:                                                                       
DLP = CTDIvol x Scan length. 
 

Effective dose (E)                                          The organ doses from a partial irradiation                                                                     
of the body are converted into an                                                                       
equivalent uniform dose to entire body. 
 

 

                                                                          

                                                                          



CHAPTER ΙΙ 

REVIEW OF RELATED LITERATURES 

2.1 Theory 

 2.1.1 The introduction of CT 

 X-ray computed tomography (CT) is a medical imaging method used to 
generate a three-dimensional image of the inside of an object from a large series of 
two-dimensional X-ray images taken around a single axis of rotation. They provide 
anatomical information by the principle that different types of tissues, depending on 
their composition and density, absorb varying amount of x-rays. CT produces a 
volume of data that can be manipulated, through a process known as "windowing", in 
order to demonstrate various bodily structures based on their ability to block the X-
ray beam. Although historically the images generated were in the axial or transverse 
plane, orthogonal to the long axis of the body, modern scanners allow this volume of 
data to be reformatted in various planes or even as volumetric (3D) representations of 
structures.  

CT was introduced clinically in the early 1970s [2]. Collimator both within the 
image plane and between planes provides significant scatter rejection, there by 
substantially improves the subject contrast. In addition, the reconstructed cross-
sectional CT image eliminates nearly all the problem of overlapping anatomy; indeed, 
CT provided the first clinical tomographic image data that allows physicians to see 
the internal structure of a 3D object in cross section. CT‘s adoption of high efficiency, 
low noise detectors that could respond linearly over a broad range of transmission 
values, moreover, provides uniform sensitivity over a wide variety of tissue 
attenuations and body thickness; these detectors, together with the digital nature of 
CT data, allow retrospective visualization of any range of transmission values, 
through image processing, and provide optimal image density irrespective of exposure 
levels. 

The basic components of CT scanner are an x-ray tube and arch of detectors, 
mounted on a gantry with a circular aperture (Figure 2.1a). Along the patient long 
axis, there are many rows of these arches of detectors, giving rise to the term multi-
slice CT (MSCT) (Figure 2.2) or multidetector CT (MDCT). The extent of area 
coverage by the detector rows currently ranges from 12 mm to 160 mm in length 
(Figure 2.2b) depends on scanner model. The patient lies on an integral couch, the x-
ray tube and detectors rotate, continuous monitoring the absorption of x-rays as their 
path through the body changes. Image data can be acquired in sequential mode or in 
helical mode (Figure 2.1b). In sequential mode sometime known as axial mode or 
‗step and shoot‘ mode, the couch is stationary during each rotation, then steps through 
the gantry to the next position in order to acquire another set of data. 

http://en.wikipedia.org/wiki/Medical_imaging
http://en.wikipedia.org/wiki/Three-dimensional_space
http://en.wikipedia.org/wiki/X-ray
http://en.wikipedia.org/wiki/Axis_of_rotation
http://en.wikipedia.org/wiki/Computed_tomography#Windowing
http://en.wiktionary.org/wiki/orthogonal
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                   (a)         (b) 

 

  

 

 

 

 

Figure 2.1 Diagram of CT scanner (a) ‗End view‘, (b) ‗Side view‘ in helical 
acquisition mode 

       (a)       (b) 

 

 

 

 

 

 

Figure 2.2 CT scanner X ray beam and detector (a) approximately to scan  

(b) schematic diagram 

 

2.1.2 Image Formation 

The goal of x-ray CT is to determine the x-ray attenuation coefficients within 
a matrix of tissue volume elements, or voxels, within a plane of finite thickness. The 
attenuation coefficient at each voxel is reflected as the grayscale value of the 
corresponding pixel in the displayed 2D image of the slice. The numeric value 
assigned to a pixel corresponds to the average x-ray attenuation within its associated 
voxel, after normalization to the attenuation properties of water. 

The slice‘s pixel map is obtained from attenuation data generated by passing a 
large set of independent and very narrow x-ray beam through the object and 
measuring the amount of radiation transmitted for each. Each such transmission 
reading is a composite measure of the attenuation characteristics of all materials along 
the path of the x-ray beam. The cumulative attenuation along one x-ray path can be 
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expressed mathematically as the spatial line-integral of the appropriate attenuation 
coefficients. 

The data are normalized to the initial x-ray intensity to form transmission 
values, to remove the dependence of the signal on initial beam intensity. After the log 
of transmission data is taken, the relevant signal can be approximated as ray-sum 

    (𝜇𝑖  × 𝑟𝑖  ) , 

where 𝜇𝑖   is the linear attenuation coefficient of the material in the 𝑖𝑡ℎ  voxel and ∆𝑟𝑖  is 
the voxel‘s dimension along the x-ray path. A set of ray-sums across the width of a 
patient at a given projection angle is known as projection, or view. It is the set of 
projections at multiple angles that is mathematically reconstructed to form a 2D cross-
sectional image of a thin 3D slice through the object. 

 A sinogram is another method of representing the data acquired in CT. It plots 
the transmitted x-ray signal magnitude according to the detector and x-ray tube 
positions and is typically displayed in terms of projection angle versus ray sum 
position within the projection. 

2.1.3 Multiple Detector CT (MDCT) 

 To achieve more substantial volume coverage, faster and/or with improved z-
axis resolution, are the concurrent acquisition of more than one slice, and a decrease 
in gantry rotation time. Beginning in 1998, CT manufacturers introduced 4-channel 
MDCT systems, which provided a considerable reduction in scan time, the ability to 
acquire thinner images with the same scan time, or more efficient utilization of the 
available x-ray beam. This began the current revolution in CT technology that has 
been the basis of a dramatic increase in the number and utility of CT clinical 
application. Two essential advances toward modern MDCT systems were the 
fabrication of x-ray detectors that were physically and electrically separated along the 
z-axis, and the ability to flexibly combine the data from the individual detector 
elements by assigning the output of more than one detector to a single data channel. 
The resulting decrease in scan time was of tremendous clinical advantage. At present, 
CT scanner has developed rapidly. Figure 2.3 illustrates the rapid pace of 
developments in scanner technology over the last twenty years, and especially the 
acceleration of development in last ten years from four to 320-slice scanner. 
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Figure 2.3 Technological advances in CT scanner, 1985-2007 

2.1.4 Scan time and scan length 

 The maximum scan length is an important factor in scanner performance, and 
may limit the ability to perform certain procedures, for example when scanning 
peripheral angiography ‗run-off‘. Another aspect of maximum scan length that may 
need to be considered is the coverage available in dynamic studies such as CT 
perfusion scanning, where the same volume of patient is repeatedly scanned in quick 
succession. The maximum scan length is governed by the z-axis detector array design, 
and the x-ray tube heat characteristics. With the large volume of data generated with a 
64 slice scanner, for example, the total scan length may also be limited by computer 
memory capacity. 

  2.1.4.1 Gantry rotation time 

 The rotation time of the tube and the detectors around the patient (gantry 
rotation time) has a direct effect on total scan time. Image quality will be improved 
with faster rotation times, as there will be reduced misregistration of data (both in-
plane and along the patient) arising from patient movement (whether from heart beat, 
breathing, peristalsis, or restlessness). This misregistration of data introduces artifacts 
in image. 

 Scanners can now achieve rotation times of less than 0.3 seconds, but the 
fastest rotations are generally reserved for specialist applications such as cardiac 
scanning in order to minimize image artifacts due to motion of heart. 

  2.1.4.2 Detector array length  

 The length of detector array will determine the number of rotations needed to 
cover the total scan length, and thus the overall scan time. The example in figure 2.4 
shows how the total scan time will be halved by doubling the array length. The ability 
to scan a given length with fewer rotations also helps to minimize heat load on the x-
ray tube, thereby allowing the scanning of longer lengths. 
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Figure 2.4 Effect of detector array on number of rotations and scan time. 

Detector arrays are divided into two types; ‗fix‘ and ‗variable‘, or known as 
‗matrix‘ and ‗hybrid‘. Fixed arrays have detectors of equal z-axis dimension over the 
full extent of the array, whereas on variable arrays, the central portion comprises finer 
detectors. With variable arrays, the total scan time for a given length, the finest slice 
acquisition, will be longer, because the z-axis coverage is reduced. 

Complete coverage of an organ, such as the brain or heart, offers advantages 
for both dynamic perfusion and cardiac studies. The z-axis detector array lengths on 
the 64-slice scanners, of up to 40 mm, are adequate to cover these organs in only few 
rotations. A coverage length of 160 mm usually allows complete organ coverage in a 
single rotation, so the function of the whole organ can be monitored over time.    

2.1.5 Image quality 

The principal parameters describing image quality are spatial resolution, 
contrast resolution, temporal resolution, and the prevalence of artifacts. 
  2.1.5.1 Spatial resolution 

Spatial resolution is the ability of the system to image an object without 
blurring. It is often described as the ‗sharpness‘ of an image. It may be quoted as the 
smallest object size able to be discerned, and as such is evaluated using high contrast 
test objects where signal to noise level is high and does not influence perception. It 
can also be specified in terms of spatial frequency, in line pairs per cm (lp/cm), for 
particular levels of the modulation transfer function (MTF); usually at the 50%, 10% 
and 2% or 0% levels. The 0% MTF level is referred to as the ‗cut-off frequency‘ and 
reflects the limit of the spatial resolution. The visual limit of spatial resolution, as the 
minimum size of high contrast objects, in millimeters, that can be distinguished, more 
generally relates to the frequency values between approximately the 2 and 5% 
modulation of the MTF. Sometimes a visual limited value is given by the 
manufacturers, either from a visual test object, or by converting the 2% value on the 
MTF to its size in mm. 

The following scanner design features affect the x-y plane spatial resolution: 
• Focal spot size (x-dimension) 
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• Focal spot stability 
• Detector size (x-dimension) 
• Number of ‗views‘ per rotation (sampling frequency) 
• ‗Over-sampling‘ techniques 
• Quarter-detector shift 
• Flying/dynamic focal spot 
• Attenuating grid (x-y plane) 

The z-axis resolution is often referred to as z-sensitivity and is quoted in terms 
of the full width at half maximum (FWHM) of the imaged slice dose profile, but it 
may also be determined by the MTF. It is governed by similar factors as the x-y plane 
resolution: 

• Focal spot size (z-dimension) 
• Focal spot stability 
• Detector size (z-dimension) 
• ‗Over-sampling‘ techniques 
• Optimal pitch values 
• Z-axis flying/dynamic focal spot 
• Attenuating grid (z-axis) 

The z-axis resolution is primarily determined by the z-axis detector 
dimensions. Z-axis detector array design on MDCT scanners varies considerably 
between systems, with minimum dimensions ranging from 0.50 to 0.75 mm. As 
described earlier, some arrays are fixed design, whilst others are a variable design. 
With variable arrays, the z-axis spatial resolution will be reduced when the full extent 
of the array is used for imaging, as data from adjacent detectors are combined, 
increasing the effective detector size. 
  2.1.5.2 Contrast resolution 

Contrast resolution is the ability to resolve an object from its surroundings 
where the CT numbers are similar (e.g. in the imaging of liver metastases). It is 
sometimes referred to as low contrast resolution or low contrast detectability. The 
ability to detect an object will be dependent on its contrast, the level of image noise 
and its size. Contrast resolution is usually specified as the minimum size of object of a 
given contrast difference that can be resolved for a specified set of scan and 
reconstruction parameters. 

Generator power is an important factor in low contrast examinations. Low 
noise images require high tube current (mA) values, particularly when coupled with 
fast rotation speeds and narrow slice acquisitions. Fast rotation speeds reduce 
movement artifacts, thin slices improve spatial resolution as well as reduce partial 
volume effects. Dose efficiency of the scanner is a significant factor in these types of 
examinations, as it will determine the dose required for a given level of contrast 
resolution. Contrast resolution specifications should give a guide to a scanner‘s dose 
efficiency. However, there is no standard methodology of data acquisition and image 
quality scoring to enable a good comparison of manufacturers‘ data. 
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2.1.5.3 Temporal resolution 
In CT, temporal resolution is usually considered in the context of cardiac 

scanning. The aim, in cardiac CT, is to minimize image artifacts due to motion of the 
heart. This can be achieved using ECG-gating techniques, and imaging the heart 
during the period of least movement in the cardiac cycle, for a time interval of about 
10% of the cycle. This results in a temporal resolution requirement of about 100 ms 
for a heart rate of 60 beats per minute. The temporal resolution is defined as the time 
taken to acquire a segment of data for image reconstruction. For ‗single segment‘ 
reconstruction, it will be the time taken to acquire180° of data, i.e. the time for half a 
gantry rotation. However, for higher heart rates this can still result in unacceptable 
cardiac motion artifacts. In this situation data from multiple, smaller segments, 
acquired from successive rotations, can be summed in order to obtain the 180° 
dataset. Using the multi-segment reconstruction approach requires an asynchrony 
between the gantry rotation and the patient‘s heart rate so that data from the 
successive segments are not acquired at the same angular positions. 
  2.1.5.4 Image artifacts 

Artifacts are defined as structures in the image that are not present in the 
object. An imaging system will invariably produce some level of artifact, but it 
becomes an issue if it obscures an abnormality, resulting in a false negative diagnosis, 
or mimics an abnormality, giving a false positive result. Artifacts can be due to patient 
factors, scanner design factors or the reconstruction process, which by necessity 
involves some approximations. The sources of the image artifacts are: 

• Patient motion 
• Partial volume effect 
• Photon starvation 
• Metal objects 
• Beam hardening 
• Helical scanning 
• Cone-beam geometry 

For MDCT scanners, patient motion and partial volume artifacts will generally 
be reduced due to the decreased scan time and the ability to acquire with narrow 
slices. Photon starvation artifacts, i.e. streaks arising from the high attenuation in 
lateral projections of areas such as the shoulders and pelvis can be reduced with 
angular tube current modulation. Other artifacts, such as those resulting from the 
extended X-ray beam along the z-axis, will be increased. These are generally referred 
to as ‗cone-beam‘ artifacts. Traditional back-projection methods of reconstruction in 
CT assume parallel-beam geometry in the y-z plane. As the z-axis beam extent is 
increased, this assumption breaks down and ‗cone-beam‘ reconstruction methods 
must be used to avoid excessive artifacts. Some manufacturers employ adaptations of 
the back-projection approach, whereas others use 3D methods such as approximations 
of the Feldkamp reconstruction. Although 3D methods are more exact, they may 
require longer reconstruction time. Cone-beam reconstructions are generally only 
implemented in helical scanning, therefore in sequential scanning, the extent of beam 
used, or the narrow slice reconstructions, may be limited. The latest scanners, with 
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beam extents of 80 mm to 160 mm, by necessity also use cone-beam reconstruction 
methods in sequential scan mode. 

2.1.6 Ionizing radiation and patient dose 
Doses from CT examinations are generally significantly higher than those 

from conventional X-rays, although a CT scan provides more diagnostic information. 
Recent UK surveys[2] reported conventional X-ray examinations with average doses 
of 0.04 mSv for head examinations, 0.02 mSv for chest and 0.7 mSv for abdomen 
examinations. A similar survey for CT examinations gave values of 1.5, 5, and 6 mSv 
respectively for the head, chest and abdomen regions [4]. These figures represent 
average values from the use of a wide range of operational parameters, such as tube 
current and voltage, however they can be used as a guide. 

The standard reference parameters used to describe dose in CT are the 
CTDIvol (volume computed tomography dose index) and the DLP (dose length 
product). The CTDIvol is calculated from measurements, made with a 100mm long 
pencil ion chamber, in standard sized polymethymethacrylate (PMMA) head and 
body phantoms which have been irradiated at the halfway position, along the length, 
with a single beam rotation. However, as a dose descriptor, it is important to think of 
the CTDIvol as representing the average dose in a slice of tissue, halfway along a 100 
mm irradiated length. The DLP represents the total amount of irradiation given, and 
as such gives an indicator of risk (without taking into account the radiosensitivity of 
particular organs). The CTDIvol is a very useful dose descriptor for comparing dose 
from different protocols or different scanners. However, comparisons should only be 
done for scans undertaken on standard size patients. 
 

a)                                                                  b) 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.5 a) PMMA body phantom used for measurement of CT doses b) illustration 
of CTDIvol representing average dose at central slice position of 100mm irradiation 
length 
 

The CTDIvol and sometimes the DLP values are displayed on the scanner 
console. It is always invaluable to look at these figures when reviewing patient images 
for an assessment of the image quality and dose performance of a scanner. Both the 
CTDIvol and the DLP are used when comparing with dose reference levels (DRLs). 
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MDCT scanners have the potential to give higher radiation doses compared to single 
slice scanners. Their flexibility in scanning lengths with high mAs values, and the 
ease with which they perform dual and even triple-phase contrast studies, can lead to 
high patient doses. In addition, there are some intrinsic features of current MDCT 
design which can give rise to slightly higher doses. 

2.1.7 Automatic tube current control in CT 
Traditionally, the X-ray tube current (mA) in CT was selected for a particular 

protocol, and remained constant throughout a scan. Any changes to accommodate 
different sized patients had to be estimated and implemented manually. Modern 
scanners are equipped with automatic exposure control mechanisms, which adjust the 
tube current for changing patient attenuation throughout a scan. The adjustment can 
be made to compensate for changing attenuation (Figure 2.6) Most modern systems 
have the capability to operate all three compensation modes, which are generally 
implemented simultaneously. Most scanners will allow manual de-selection of one or 
more modes, and on others the de-selection may be implemented automatically within 
a protocol, according to the clinical region scanned. 

 
 

 
 
 
 
 

 
 

 

Figure 2.6 Automatic tube current control in CT (a) in different-sized patients; (b) 
along the patient‘s long axis; and (c) throughout a gantry rotation. 

2.1.8 Cardiac scanning 

The prospect of imaging the heart and coronary arteries with CT has been 
anticipated since the development of CT more than 3 decades. The lack of speed and 
poor spatial and temporal resolutions of previous generations of CT scanners 
prevented meaningful evaluation of the coronary arteries and cardiac function. Most 
early assessments of the coronary arteries with CT were performed with electron 
beam CT, developed in the early 1980s. Electron beam CT has been used mostly for 
noninvasive evaluation of coronary artery calcium, but other applications including 
assessment of coronary artery stenosis have been reported in limited cases. However, 
electron beam CT is expensive and not widely available. Recent advances in CT 
technologies, especially multiple-row detector CT, have dramatically changed the 
approach to noninvasive imaging of cardiac disease. With sub millimeter spatial 
resolution (<0.75 mm), improved temporal resolution (80–200 msec) [5], and 
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electrocardiographically (ECG) gated or triggered mode of acquisition, the current 
generation of CT scanner makes cardiac imaging possible and has the potential to 
accurately characterize the coronary tree. The factors affecting temporal and spatial 
resolution are scan acquisition and reconstruction methods, reconstruction algorithms, 
reconstruction interval, pitch, radiation dose, and geometric efficiency. 
  In order to image a rapidly beating heart, the imaging modality should 
provide high temporal resolution. It is necessary to freeze the heart motion in order to 
image coronary arteries located close to heart muscles, since these muscles show 
rapid movement during the cardiac cycle. Since the most quiescent part of the heart 
cycle is the diastolic phase, imaging is best if performed during this phase. Hence, it is 
required to monitor the heart cycle during data acquisition. The subject‘s 
electrocardiogram (ECG) is recorded during scanning because the image acquisition 
and reconstruction are synchronized with the heart motion. Also, the imaging 
modality should provide high spatial resolution to resolve very fine structures such as 
proximal coronary segments (right coronary and left anterior descending arteries) that 
run in all directions around the heart. These requirements impose greater demands on 
multiple-row detector CT technology. One of the primary goals of the rapid 
development of CT technology has been to achieve these demands in order to make 
cardiac CT imaging a clinical reality. 
 To better demonstrate and understand the necessity for high temporal 
resolution in cardiac imaging, Figure 2.7 shows how the length (in time) of the 
diastolic phase changes with heart rates. The least amount of cardiac motion is 
observed during the diastolic phase; however, the diastolic phase narrows with 
increasing heart rate. With rapid heart rates, the diastolic phase narrows to such an 
extent that the temporal resolution needed to image such subjects is less than 100 
msec. The desired temporal resolution for motion-free cardiac imaging is 250 ms for 
heart rates up to 70 beats per minute and up to 150 ms for heart rates greater than 100 
beats per minute. Ideally, motion- free imaging for all phases requires temporal 
resolution to be around 50 msec. The standard of reference for comparing the 
temporal resolution obtained with multiple-row detector CT is fluoroscopy, wherein 
the heart motion is frozen during dynamic imaging to a few milliseconds (1–10 ms). 
Therefore, the demand for high temporal resolution implies decreased scan time 
required to obtain data needed for image reconstruction and is usually expressed in 
milliseconds. 
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Figure 2.7 Diagram shows the range of diastolic regions for varying heart rates. The 
desired temporal resolution for cardiac CT is approximately 250 ms for average heart 
rates of less than 70 beats per minute; for higher heart rates, the desired temporal 
resolution is approximately 100 ms. 

The demand for high spatial resolution that enables the visualization of 
various coronary segments (such as the right coronary artery, left anterior descending 
artery, and circumflex artery) that run in all directions around the heart with 
decreasing diameter is high. These coronary segments range from a few millimeters in 
diameter (at the origins) and decrease to a few sub millimeters in diameter as they 
traverse away from the aorta in all directions. The need to image such small coronary 
segments requires small voxels, and this is a key to cardiac imaging with multiple-row 
detector CT. Spatial resolution is generally expressed in line pairs per centimeter or 
line pairs per millimeter. Like temporal resolution, the standard of reference for 
comparing spatial resolution is the resolution obtained during fluoroscopy. However, 
one of the major goals of multiple-row detector CT technology development has been 
to obtain similar spatial resolution in all directions, also expressed as isotropic spatial 
resolution. 

In addition, a sufficient contrast-to-noise ratio is required to resolve small and 
low contrast structures such as plaques. In CT, low-contrast resolution is typically 
excellent. However, it can be degraded with the increasing number of CT detectors in 
the z direction due to increased scattered radiation that can reach detectors in the z 
direction. It is important to achieve adequate low-contrast resolution with minimum 
radiation exposure. The need to keep radiation dose as low as reasonably possible is 
essential for any imaging modality that uses ionizing radiation. Overall, cardiac 
imaging is a very demanding application for multiple-row detector CT. Temporal, 
spatial, and contrast resolution must all be optimized with an emphasis on minimizing 
radiation exposure during cardiac CT imaging. 

2.1.9 Factors influenced the temporal resolution 
There are a number of factors that influence the temporal resolution achieved 

with MDCT scanners. Among them, the key factors are the gantry rotation time, 
acquisition mode, type of image reconstruction, and pitch. 
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2.1.10 Gantry Rotation Time 
Gantry rotation time is defined as the amount of time required to complete one 

full rotation (360°) of the x-ray tube and detector around the subject. The advances in 
technology have considerably decreased the gantry rotation time to as low as 330–370 
ms. The optimal temporal resolution during cardiac imaging is limited by the gantry 
rotation time. The faster the gantry rotation, the greater the temporal resolution 
achieved. However, with increasing gantry rotation speed, there is also an increase in 
the stresses on the gantry structure, since rapid movement of heavy mechanical 
components inside the CT gantry results in higher G forces, making it harder to 
achieve a further reduction in gantry rotation time. In fact, even a small incremental 
gain in the gantry rotation time requires great effort in the engineering design. In the 
past, the minimum rotation time was as high as 2 seconds; in the past few years, 
gantry rotation time has decreased steadily to less than 400 msec. As discussed in the 
previous section and in Figure 2.7, since the currently available gantry rotation time is 
not in the desired range for obtaining reasonable temporal resolution, various methods 
have been developed to compensate, such as different types of scan acquisitions or 
image reconstructions to further improve temporal resolution. 
 2.1.11 Acquisition Mode 

For imaging the rapidly moving heart, projection data must be acquired as fast 
as possible in order to freeze the heart motion. This is achieved in MDCT either by 
prospective ECG triggering or by retrospective ECG gating. 

 2.1.11.1 Prospective ECG Triggering.—This is similar to the 
conventional CT ―step and shoot‖ method. The patient‘s cardiac functions are 
monitored through ECG signals continuously during the scan. The CT technologist 
sets up the subject with ECG monitors and starts the scan. Instructions are built into 
the protocol to start the x-rays at a desired distance from the R-R peak, for example at 
60% or 70% of the R-R interval. The scanner, in congruence with the patient‘s ECG 
pulse, starts the scan at the preset point in the R-R internal period (Fig 2.8). The 
projection data are acquired for only part of the complete gantry rotation (i.e., a partial 
scan). 

The minimum amount of projection data required to construct a complete CT 
image is 180° plus the fan angle of the CT detectors in the axial plane. Hence, the 
scan acquisition time depends on the gantry rotation time. The best temporal 
resolution that can be achieved in the partial scan mode of acquisition is slightly 
greater than half of the gantry rotation time. Once the desired data are acquired, the 
table is translated to the next bed position and, after a suitable and steady heart rate is 
achieved, the scanner acquires more projections. This cycle repeats until the entire 
scan length is covered, typically 12–15 cm (depending on the size of the heart). 

With MDCT, the increasing number of detectors in the z direction allows a 
larger volume of the heart to be covered per gantry rotation. This has a major 
advantage in terms of the decreased time required for breath holding to minimize 
motion artifacts (critical when scanning sick patients). One of the advantages of the 
prospective triggering approach is reduced radiation exposure, because the projection 
data are acquired for short periods and not throughout the heart cycle. 
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Figure 2.8 During the prospective ECG-triggered scan mode, the patient‘s ECG is 
continuously monitored but the x-rays are turned on at predetermined R-R intervals to 
acquire sufficient scan data for image reconstruction. The table is then moved to the 
next location for further data acquisition. These types of scans are always sequential 
and not helical and result in a lower patient dose because the x-rays are on for a 
limited period. Calcium scoring scans are typically performed in this scan mode. 

 2.1.11.2 Retrospective ECG Gating.—Retrospective gating is the main 
choice of data acquisition in cardiac coronary artery imaging with MDCT. In this 
mode, the subject‘s ECG signals are monitored continuously and the CT scan is 
acquired continuously (simultaneously) in helical mode (Fig 2.8). Both the scan 
projection data and the ECG signals are recorded. The information about the subject‘s 
heart cycle is then used during image reconstruction, which is performed 
retrospectively, hence the name retrospective gating. The image reconstruction is 
performed either with data corresponding to partial scan data or with segmented 
reconstruction. 

The disadvantage of the retrospective gating mode of acquisition is the 
increased radiation dose, because the data are acquired throughout the heart cycle, 
even though partial data are actually used in the final image reconstruction. Also, 
since this scan is performed helically, the tissue overlap specified by the pitch factor 
is quite low, indicating excessive tissue overlap during scanning, which also increases 
radiation dose to the patients. The need for low pitch values or excessive overlap is 
determined by the need to have minimal data gaps in the scan projection data required 
for image reconstruction. The need for low pitch values is discussed in detail in the 
section on pitch. 
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Figure 2.9 During the retrospective ECG-gated scan mode, the patient‘s ECG is 
continuously monitored and the patient table moves through the gantry. The x-rays 
are on continuously, and the scan data are collected throughout the heart cycle. 
Retrospectively, projection data from select points within the R-R interval are selected 
for image reconstruction.  

2.1.12 Reconstruction Method 
Cardiac data acquired with either prospective ECG triggering or retrospective 

ECG gating are used in reconstructing images. High temporal resolution images are 
obtained by reconstructing the data either with partial scan reconstruction or with 
multiple-segment reconstruction. 

 2.1.12.1 Partial Scan Reconstruction.—among the methods of image 
reconstruction in cardiac CT, the most practical solution is the partial scan 
reconstruction. Partial scan reconstruction can be used for both prospective triggering 
and retrospective gating acquisitions. The minimum amount of data required to 
reconstruct a CT image is at least 180° plus the fan angle of data in any axial plane. 
This determines the scan time to acquire projection data needed for partial scan 
reconstruction and also limits the temporal resolution that can be achieved from an 
acquisition. The CT detectors in the axial plane of acquisition extend in an arc that 
covers at least a 30°–60° fan angle. Therefore, during partial scan reconstruction, the 
scan data needed for reconstruction are obtained by rotating the x-ray tube by 180° 
plus the fan angle of the CT detector assembly. 

 2.1.12.2 Multiple-Segment Reconstruction.—the primary limitation to 
achieving high temporal resolution with the partial scan approach is the gantry 
rotation time. To achieve even higher temporal resolution, multiple-segment 
reconstruction was developed. The principle behind multiple segment reconstruction 
is that the scan projection data required to perform a partial scan reconstruction are 
selected from various sequential heart cycles instead of from a single heart cycle. This 
is possible only with a retrospective gating technique and a regular heart rhythm. The 
CT projection data are acquired continuously throughout many sequential heart 
cycles. 

 

Continuous x-ray on 

 simultaneously with table 
moving 

Selected data for reconstruction 
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2.1.13 Spatial Resolution 
There are a number of factors that influence the spatial resolution achieved 

with MDCT scanners. Among them are the detector size in the longitudinal direction, 
reconstruction algorithms, and patient motion. 
 

Cardiac imaging is a highly demanding application of multiple-row detector 
CT and is possible only due to recent technological advances. Understanding the 
trade-offs between various scan parameters that affect image quality is key in 
optimizing protocols that can reduce patient dose. Benefits from an optimized cardiac 
CT protocol can minimize the radiation risks associated with these cardiac scans. 
Cardiac CT has the potential to become a reliable tool for noninvasive diagnosis and 
prevention of cardiac and coronary artery disease. 
 

2.2 Review of Related Literature 

Many researchers studied the CT radiation dose in coronary computed 
tomography. Hausleiter J et al. [7] estimated radiation dose in 1,035 patients 
underwent coronary CTA. Scanning algorithms with and without an ECG-dependent 
dose modulation and with a reduced tube voltage were investigated on dose estimates 
and image quality. In the entire patient cohort, the effective doses were 6.4+1.9 and 
11.0+4.1 mSv for 16- and 64-slice CTA, respectively (p<0.01). The reduction in 
radiation dose estimates ranged between 37-40% and between 53-64% with the use of 
ECG -dependent dose modulation and with the combined use of the dose modulation 
and reduced tube voltage, respectively. The reduction in dose estimates was not 
associated with a reduction in diagnostic image quality as assessed by signal-to-noise 
ratio and by the frequency of coronary segments with diagnostic image quality. The 
improvement in spatial and temporal resolution with 64 slice CTA resulted in 
increased radiation dose for coronary CTA.  

Chen LK et al [9] studied in 50 patients for cardiac CT examination. All 
CCTA examinations were performed on a 256-slice CT scanner with one of five 
different protocols :retrospective ECG-gating (RGH) with full dose exposure in all R–
R intervals (protocol A), RGH of 30–80% pulsing window with tube current 
modulation (B), RGH of  78±5%  pulsing window with tube current modulation (C), 
prospective ECG-triggering (PGT) of 78% R–R interval with 5% padding window 
(D) and PGT of 78% R–R interval without padding window (E). Radiation dose 
parameters and image quality scoring were determined and compared. In this study, 
no significant differences were found in comparison on image quality of the five 
different protocols. Protocol A obtained the highest radiation dose when comparing 
with those of protocols B, C, D and E by a factor of 1.6, 2.4, 2.5 and 4.3, 
respectively(p<0.001), which were ranged between 2.7 and 11.8 mSv. The PGT could 
significantly reduce radiation dose delivered to patients, as compared to the RGH. 
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 Duarte R et al [10] compared radiation dose and image quality parameters of 
CCTA between retrospective 64-MDCT and prospective 128-MDCT. A series of 77 
consecutive patients were first randomized to either retrospective 64-MDCT (n = 37) 
or prospective 128-MDCT (n = 40) for CCTA. No significant differences were found 
regarding sex, age, bodyweight and heart rate. CCTA effective radiation dose was 
2.1±0.9 vs.8.2±4 mSv in prospective and retrospective ECG-gating MDCT groups, 
respectively. Mean image quality score was 2.2±0.9 for prospective 128-MDCT 
group and 1.4±0.7 points for retrospective 64-MDCT representing a mean difference 
of 0.8 points (CI: 0.9 to 0.7). In selected patients, CCTA using a 128-MDCT with 
prospective ECG-gating provides higher image quality with significant lower 
radiation dose when compared to 64-MDCT using retrospective ECG-gating.  

 Nasis A et al [6] studied diagnostic accuracy of noninvasive coronary 
angiography   using 320-detector row computed tomography, which provide 16-cm 
craniocaudal coverage in 350 ms and image the entire coronary tree in a single 
heartbeat, representing a significant advance from previous generation scanners. They 
evaluated 63 consecutive patients who underwent 320-detector row computed 
tomography and invasive coronary angiography for the investigation of suspected 
coronary artery disease. All available coronary segments were included in the 
analysis, regardless of size or image quality. Lesions with >50% diameter stenoses 
were considered significant. Mean heart rate was 63 + 7 beats/min, with 6 patients 
(10%) in atrial fibrillation during image acquisition. Thirty-three patients (52%) and 
70 of 973 segments (7%) had significant coronary stenoses on invasive coronary 
angiogram. Seventeen segments (2%) were nondiagnostic on computed tomogram 
and were assumed to contain significant stenoses on an ―intention-to-diagnose‖ 
analysis. Sensitivity, specificity, and positive and negative predictive values of 
computed tomography for detecting significant stenoses were 94%, 87%, 88% and 
93%, respectively, by patient (n = 63), 89%, 95%, 82%, and 97%, respectively, by 
artery (n = 260), and 87%, 97%, 73%, and 99%, respectively, by segment (n = 973). 
Overall median effective radiation dose was 10.6 mSv (interquartile range 8.0 to 
13.8), comprising 5.4 mSv (interquartile range 4.4 to 6.3) for prospectively 
electrocardiographically triggered scans, 12.4 mSv (interquartile range 9.8 to 14.5) for 
retrospectively electrocardiographically triggered scans, 9.6 mSv (interquartile range 
7.1 to 11.3) for single-beat acquisition scans and 14.2 mSv (interquartile range 9.3 to 
15.0) for multibeat acquisition scans. In conclusion, noninvasive 320-detector row CT 
coronary angiography provides high diagnostic accuracy across all coronary 
segments, cardiac rhythm, or image quality. 

Rybicki FJ et al [11] evaluated image quality and contrast opacification from 
320-detector row CT. Patient dose is estimated for prospective and retrospective 
ECG-gating; initial correlation between 320-slice CT and coronary catheterization is 
illustrated. Retrospective image evaluation from forty consecutive patients included 
subjective assessment of image quality and contrast opacification (80 ml iopamidol 
370 mg I/ml followed by 40 ml saline). CT findings were correlated from coronary 
catheterization. Estimated effective dose was compared for prospective versus 
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retrospective ECG-gating. For the most common (n=25) protocol (120 kV, 400 mA, 
prospective ECG-gating, 60-100% phase window, 16 cm craniocaudal coverage, 
single heartbeat, the mean dose was 6.8 ± 1.4 mSv. Over 89% of arterial segments 
had excellent image quality. In conclusion initial 320-detector row coronary CT 
images have consistently excellent quality with iodinated contrast opacification. 

Hoe J and Toh KH et al [12] assessed the effective radiation dose of MDCT 
with a 320-row detector volume scanner. Two hundred patients underwent cardiac 
scanning (110 kVp, n=9 or 120 kVp, n = 191; range 300-580 mA). Effective dose was 
estimated from extended dose length product. For heart rates (HRs) < 65 bpm, 
exposure phase was 65% up to end of R-R interval, using one beat acquisition. HRs 
from 66 to 79 bpm and > 80 bmp were scanned with either 2 or 3 heart beat 
acquisition, respectively. The mean effective dose was 5.7 ± 1.7 mSv for 151 patients 
scanned with one heart beat acquisition. Qualitative image quality was assessed to be 
in good to excellent range, and mottle image quality was in low to medium mottle 
range. For patients scanned 2 or 3 heart beat acquisition, radiation dose was higher 
with mean exposures of 13.0 ± 3.3 mSv and 19.5 ± 5.3 mSv, respectively. 

 



CHAPTER ΙΙΙ 

RESEARCH METHODOLOGY 

3.1 Research Design 

 This study is an observational descriptive design. 

 

3.2 Research Design Model 

 

 

 

 

 

 

 

 

 

 

 

3.3 Conceptual framework 

 

 

 

 

 

 

 

 

 



22 
 

3.4 Key words 

 Effective dose 
 Noise 

 

3.5 Research question 

What are the radiation dose and image quality of Coronary Computed 
Tomographic Angiography in 320-Detector Row Computed Tomography? 

 

3.6 Materials 

 3.6.1 CT scanner: Toshiba Aquilion ONE 

 

 

 

 

 

 

 

 

 

Figure 3.1 320 detector row CT Toshiba Aquilion ONE scanner  

 In this study, CT scanner: 320-detector row CT Toshiba Aquilion ONE at 
Department of Radiology, King Chulalongkorn Memorial Hospital had been used. 
Computer software consists of operating system Window NT and the application 
software, coneXactTM, used for acquisition and processing. CT scanner was installed 
in January 2011. The Toshiba Aquilion ONE is the third-generation multi-detector CT 
scanner, featuring a 70 kW generator, 7.5 MHU x-ray tube and fastest gantry rotation 
time of 0.35 seconds. It is capable of imaging 320 slices per rotation, with slice width 
of 320 x 0.5 mm and up to 640 slices per rotation by reconstruction. 

3.6.2 CT Phantom 

The CT phantom is used to perform QC for CT system. The CT phantom is 
manufactured to comply with the FDA’s performance standard for diagnostic x-ray 
systems. The cylindrical phantom consists of two 14 cm length made of solid 
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Polymethyl Methacrylate (PMMA) disks measuring 16 cm (head) and 32 cm (body) 
in diameter as shown in figure 3.2 

 There are 9 holes with acrylic rods to plug the holes for both phantoms when 
they are not used. Through holes are 1.31 cm in diameter and 14 cm length to 
accommodate standard CT probes. One is at center and four are around the perimeter, 
90º apart and 1 cm hole center to the outside edge of each phantom. 

 

 

 

 

 

 

Figure 3.2 Cylindrical PMMA phantom of 16 and 32 cm diameters  

3.6.3 Catphan ® 600 phantom 

Catphan ® 600 phantom  was used for the performance study of the CT 
scanner as shown in Figure 3.3. The Catphan ® phantom was positioned in the CT 
scanner by mounting on the case placed directly at the end of the table. 

The Catphan ® 600 phantom is all test sections located by precisely indexing 
the table from center of section 1 (CTP404) to the center of each subsequence test 
module. The indexing distances from section 1 are Catphan ® 600 test module 
locations: 

Module                                                                                         Distance from section 
1 center 

CTP404, slice width, sensitometry and pixel size 
CTP591, Bead geometry                                                                       32.5 mm  
CTP528, 21 line pair high resolution                                                    70    mm  
CTP528, Point source                                                                            80   mm  
CTP515, Subslice and supra-slice low contrast                                    110  mm  
CTP486, Solid image uniformity module                                             150  mm 
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Figure 3.3 Catphan® 600 Phantom. (The phantom laboratory, Catphan ® 500 and 600 
Manual, copyright© 2010)  

3.6.4 Unfors model Xi platinum dosemeter 

 The Unfors Xi platinum (Figure 3.4) is a complete system for multi-parameter 
measurements on all modalities. The detector is solid state type which is not affected 
by the temperature and pressure of the environment. The system can be used for the 
calibration of the radiographic-fluoroscopic, mammography, dental and CT systems 
with and added option for luminance and illuminance measurements of medical 
monitors. The Unfors Xi platinum prestige is the ultimate QA solution fitted into a 
small and portable aluminum case. All Unfors Xi detectors are interchangeable and 
function with any base unit.  

3.6.5 CT pencil-type ionization chamber  

CT pencil-type ionization chamber of 4.9 cm3 active volume, 10 cm total 
active length is shown in Fig3.5. The Unfors Xi CT detector is a new hybrid ion 
chamber designed by Unfors. The ion chamber and electronics are combined into one 
unit making it possible to measure both temperature and pressure to actively 
compensate for this dependency. The temperature is actually measured inside the ion 
chamber giving very precise compensations both with and without a CT phantom. 
With no baseline drift, this carbon fiber ion chamber is ready to use within one 
minute.  

 

 

 

 

 

 

 

Figure 3.4 Unfors model Xi platinum dosimeter 
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Figure 3.5 10 cm length of the pencil-type ionization Unfors Xi CT Detector 

 

 Table 3.1 Characteristics of Unfors model Xi platinum dosimeter 

  Unfors Xi CT detector 

  Unfors Xi base unit firmware                   4.0 or higher 

  Size detector                                             200 x 20 x 12 mm (7.9 x 0.8 x 0.5 in) 

  Size diameter detector                              7.5 mm (0.30 in) 

  Size diameter phantom adapter                12.5 mm (0.49 in) 

  Effective length                                        100 mm (3.94 in) 

  Weight                                                      50 g (1.75 oz) 

  Range                                                       10 𝜇Gy – 9999 Gy (1 mR – 9999R) 

                                                                    20 𝜇Gy/s – 100 mGy/s (140 mR/min – 680   

                                                                    R/min) 

 Uncertainty                                                5% (at 80 kV-150 kV; RQR and RQA  

                                                                   qualities) 

Radial uniformity                                    ± 2% 

Axial uniformity                                      ± 3%, within rated length 

Influence of relative humidity                < 0.3% (for RH < 80%)Uncertainty in temp.  

                                                                and pressure correction 2% 

Pressure range                                         80.0 – 106.0 kPa 

International standard                             Fulfill requirements in IEC 61674 
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3.6.6 Patients 

 Patients underwent coronary computed tomography angiographic 
examination at Department of Radiology, King Chulalongkorn Memorial Hospital. 
Patients with previous allergic reaction to iodinated CM, hemodynamic instability, 
pregnancy and Cr > 1.5 mg/dL were excluded. 

 

3.7 Methods 

 3.7.1 Perform the quality control of Toshiba Aquilion ONE 

 The quality control of CT scanner was performed following the AAPM report 
No.39 (1993): specification and acceptance testing of CT scanner [13] in the part of 
performance evaluation and ImPACT information leaflet 1: CT scanner acceptance 
testing version 1.02 [14].  The quality control program consists of the test of 
performance of electromechanical components, image quality and radiation dose. 

 3.7.2 Verification of CTDIvol and DLP 

 The CTDIvol and DLP are displayed on the monitor of the console of 320-
detector row Toshiba Aquilion ONE. To make a confidence of using these values, the 
verification of CTDIvol and DLP were performed. 

 Insert the pencil ionization chamber in the 16 and 32 cm diameter of 
PMMA phantom. The positioning of the phantom and chamber were 
investigated to avoid the alignment errors. 

 Computed Tomography Dose Index (CTDI) and Dose Length Product 
(DLP) were recorded where the chamber is inserted at the center and 
the peripheral positions in phantom. The phantom was scanned three 
times for each kVp setting. 

 The acquisition parameters were 2 x 4.0 mm. collimation, 1 sec 
rotation time and effective mAs 100. The CTDIvol and DLP that 
displayed on CT console were recorded. 

 The data shown on dosimeter was recorded for the calculation of 
CTDIvol and compared to the displayed data on CT monitor. 

3.7.3 Coronary CTA in the studied patients 

Coronary CTA was performed in the patients with suspected coronary heart 
disease at King Chulalongkorn Memorial Hospital. The patients who are previous 
allergic to iodinated contrast media, hemodynamic instability, pregnancy and Cr > 1.5 
mg/dL were excluded. The patients were scanned using various protocols based on 
their heart rate 

HR <  65      Protocol 1: Prospective gating 70-80% of R-R     (1 heart beat) 
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HR 66 – 70  Protocol 2: Prospective gating 30 -80 % R-R        (1 heart beat) 

HR 71 - 74  Protocol 3:  Prospective gating 30 -80 % R-R        (2 heart beat) 

HR > 75      Protocol 4:  Retrospective with dose modulation 

Before CCTA examination, if the patient’s initial heart rate > 65 bpm, beta 
blocker (metaprolol) was given 1 hour prior to the scanning. The mA and kVp were 
set according to the BMI of the patients. 

Table 3.2 mA and kVp setting 

              BMI(kg/m2)                             kVp                                 mA 

                  <20                            120                               300 

               21-25                            120                               350 

               26-30                            120                               400 

                  >31                            120                               500 

3.7.4 Data recording 

Record the patient’s information, scanning parameters, CTDIvol and DLP in 
case record form. 

3.7.5 Evaluate the qualitative image quality 

Evaluate the image quality by two radiologists independently using image 
quality criteria guideline from review of literature [10]. 

  Score 4 = excellent 

     (Good vessel opacification with continuous course, without any   
      motion artifacts)  

 Score 3 = good 

    (Good vessel opacification, minor motion artifacts or discrete   
     blurring of vessel margin and no stair-step artifacts)  

 Score 2 = fair 

(Visibly blurred vessel margin, clearly broader motion artifacts 
extending less than 5 mm from the vessel center, and stair-step artifacts 
< 25% of the vascular diameter)  

 Score 1 = poor  
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(Lack of vessel wall definition, presence of streak artifacts extending at 
least 5 mm from the center of the vessel and stair-step artifacts >25% 
of the vascular diameter)   

3.7.6 Evaluate the quantitative image quality 

Evaluate the quantitative image quality by determining image noise. Image 
noise is defined as the SD of CT No. in a ROI (100 mm2) placed in the aortic root at 
the level of the origin of the left main coronary artery. 

3.7.7 Effective dose calculation 

The effective dose is calculated from the equation: 

Effective dose = DLP x conversion coefficient 

The conversion coefficient is 0.014 mSv/mGy.cm  for chest[15]. 

 

3.8 Sample size 

The sample population is independent, prospective data. So the sample size is 
determined by formula; 

                                     N = (Zα/2)2σ2/d2 

                                         = (1.96)2(1.6)2/ (0.49)2 = 41 cases 

By       

α    = 0.05 
Zα/2       = 1.96   
d11 = Acceptable error (0.49) 
σ2

11 = Variance (1.6) 
σ2, d   Obtained from literature review [12]. 

      

            

                

3.9 Measurement 

Variables 

 Independent variables: acquisition protocol, scanning parameters 

 Dependent variables: CTDIvol, DLP, effective dose, image scoring and image 
noise 
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3.10 Statistical analysis 

 3.10.1 Descriptive statistics: mean, standard deviation (SD), minimum and 
maximum effective dose and image noise were determined with the excel program. 

 3.10.2 Weighted Kappa for interobserver reliability was used to evaluate 
qualitative image quality analysis from www.medcalc.org/manual/kappa.php 

 

3.11 Data Collection 

 3.11.1 Patient information: age, gender, height, weight, body mass index 
(BMI), heart rate (bpm), HR variability, medication, contrast agent, acquisition 
protocol, kVp and mAs 

3.11.2 The CTDIvol and DLP read out from CT monitor. 

 This data was collected at Computed Tomography Unit, Chulachakapong 
Building, 1st floor, Department of Radiology, King Chulalongkorn Memorial 
Hospital, Bangkok Thailand, using 320-detector row TOSHIBA Aquilion ONE. 

 

3.12 Data Analysis 

The verification of CTDIvol had been reported as percentage difference 
between the displayed and the measured for each kVp setting. After that the radiation 
dose data for specific parameter setting were collected from the values of CTDIvol 
and DLP displayed on the CT console in the unit of mGy and mGy.cm, respectively, 
presented in form of table and chart. 

Data from patients had been reported as mean, standard deviation and ranges 
presented in form of table. 

The data of CTDIvol and DLP displayed on CT console were obtained for the 
calculation of the effective dose for CCTA examination and presented in form of table 
and bar chart. 

The qualitative image quality was analyzed by two radiologists using image 
scoring as presented in form of table. The quantitative image quality was analyzed by 
the image noise determining the standard deviation of mean HU in a ROI for each 
protocol. This data presented in form of bar chart. 

 

 

 

http://www.medcalc.org/manual/kappa.php
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3.13 Outcomes 

The patient effective dose was calculated by using the DLP from CCTA 
examination in each protocol. Qualitative image quality was scoring by two 
radiologists and quantitative image was determined by the image noise. 

 

3.14 Expected Benefits 

 The effective dose in CCTA and the image quality in each acquisition protocol 
are expected from this study. These would be beneficial to the patients and the 
radiologists in order to justify requesting the examination or further investigations. 
The patient dose reduction should be considered for the radiation safety for the 
patients. 

 

3.15 Ethical consideration 

The radiation dose of CCTA is directly evaluated in patients. So, informed 
consent from every patient was obtained before the procedure. The Ethic Committee 
of Faculty of Medicine, Chulalongkorn University had approved this research 
proposal.  



CHAPTER IV 

RESULT 

4.1 Quality control of the CT scanner: TOSHIBA Aquilion ONE 

The quality control of CT scanner was performed following AAPM report 
No.39 [13] and ImPACT Information Leaflet [14]. It includes the test of 
electromechanical component, image quality and radiation dose. In Table 4.1 and 
appendix B, the detail of quality control of CT scanner is shown with the summarized 
report of CT scanner performance test. 

Table 4.1 Report of CT system performance 

Location                                   __CT unit, Chulachakapong Building, Floor.G_______ 

Date                                         __February 12, 2011____________________________ 

Manufacturer                           __Toshiba____________________________________ 

Model                                      __Aquilion ONE_______________________________ 

___Pass___                 Scan Localization Light Accuracy 

___Pass___                 Alignment of Table to Gantry 

___Pass___                 Table Increment Accuracy 

___Pass___                 Slice Increment Accuracy 

___Pass___                 Gantry Angle Tilt 

___Pass___                 Position Dependence and SNR of CT Numbers 

___Pass___                 Reproducibility of CT Numbers 

___Pass___                 mAs Linearity 

___Pass___                 Linearity of CT Numbers 

___Pass___                 Accuracy of Distance Measurement 

___Pass___                 Image uniformity 

___Pass___                 High Contrast Resolution 

___Pass___                 Low Contrast Detectability 

___Pass___                 Radiation Profile width 
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4.2 Verification of Computed Tomography Dose Index (CTDI) 

 4.2.1 CTDI100 in air 

 Measure the CTDI100 in air using head and body protocols and the 100 mm 
pencil chamber is set at the isocenter of the CT bore. The scan parameter is 100 mA 
tube current, 1 sec scan time and small focal spot size setting for all measurements at 
kilovoltage setting of 80, 100, 120 and 135. The results of CTDI in air are shown in 
Table 4.2. 

Table 4.2 The measured CTDI100 in air for head and body protocols for each kVp. 

   kVp                                                   CTDI100 (mGy) in air  in Head protocol                            

                                                                    Slice Collimation in mm (NT)   

_____________________________________________________________________                  

                1 (1x1)   2 (0.5x4)   4 (1x4)  8 (2x4)   12 (3x4)   16 (4x4) 20 (5x4)   32 (8x4) 

_____________________________________________________________________ 

    80         6.36       7.72    10.1        15.09       19.92  24.85     29.69        43.93 

  100       10.49     12.79    16.83      24.85       32.91  40.97     48.98        72.33 

  120       15.97     19.31    25.25      36.97       48.55  60.27     72.12      106.12 

  135       21.34      25.51   32.88      47.58       62.25  76.87     91.45      134.29 

  

  Table 4.2 The measured CTDI100 in air for head and body protocols for each kVp. 

   kVp                                                   CTDI100 (mGy) in air  in Body protocol                            

                                                                    Slice Collimation in mm (NT) 

     1 (1x1)   2 (0.5x4)   4 (1x4)  8 (2x4)   12 (3x4)   16 (4x4) 20 (5x4)   32 (8x4)  

    80         6.70        7.73     9.67     13.52        17.15  20.98     24.86        NA  

  100       12.34       13.62   17.00     23.66        29.96  36.67     43.40        63.47 

  120        18.25       21.11   26.16     36.29        45.66  55.83     65.86        96.02 

  135       24.54       28.23   34.72     47.60        59.91  72.39     85.36      123.79 

*As the 16 cm coverage exceeds the 10 cm dosimeter length, the correction factors for 
the kilovoltage peak value ranges 1.03-1.05 were applied [16].  
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4.2.2 CTDI100 in head phantom 

 The CTDI100 in head phantom was determined by using a 100 mm pencil 
ionization chamber placed in each hole of 16 cm diameter PMMA phantom at the 
isocenter of the CT bore. The scan parameters were 100 mA, 1 sec scan time, 180mm 
FOV and 2x4.0 mm collimation setting for all measurements at each kVp setting of 
80, 100, 120 and 135. The result of CTDI in head phantom is shown in Table 4.3. 

Table 4.3 The measured CTDI100 at each position of head phantom for each kVp. 

       kVp                                                   CTDI100 in head phantom (mGy)                        
_____________________________________________________________________ 

                              At center                                          At peripheral 

                                                           North              East               South             West 

        80                    6.92                     8.84                8.03                 7.65                 8.73 

      100                  12.86                   16.69              13.63               12.83               14.04 

      120                  20.43                   25.90              21.72               20.72               22.72 

      135                  27.73                   34.21              28.33               26.84               29.03 

  

4.2.3 CTDI100 in body phantom 

 The CTDI100 in body phantom was determined by using a 100 mm pencil ion 
chamber placed in each hole of 32 cm diameter PMMA phantom at the isocenter of 
the CT bore. The scan parameters were 100 mA, 1 sec scan time, 500 mm FOV and 
2x4.0 mm collimation setting for all measurements at each kVp setting of 80, 100, 
120 and 135. The result of CTDI in body phantom is shown in Table 4.4  
       

Table 4.4 The measured CTDI100 at each position of body phantom for each kVp. 

       kVp                                                   CTDI100 in body phantom (mGy)                    
_____________________________________________________________________ 

                              At center                                          At peripheral 

                                                           North              East               South             West 

        80                    1.75                     4.28                4.54                 3.84                 4.27 

      100                    3.83                     8.45                9.22                 7.70                 9.27 
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      Table 4.4 The measured CTDI100 at each position of body phantom for each kVp. 

       kVp                                                   CTDI100 in body phantom (mGy)                    
_____________________________________________________________________ 

                              At center                                          At peripheral 

                                                           North              East               South             West 

      120                    6.83                   13.54              13.59               12.47               13.17 

      135                    9.73                   18.82              18.23               16.61               21.49 

 

4.2.4 CTDIvol on monitor and calculated CTDIw 

 Determine the CTDIw by using the results in Table 4.3 and 4.4. The CTDIvol 
displayed on CT monitor were recorded to compare percentage difference with the 
calculated values as shown in Table 4.5 for CTDIvol in head phantom and Table 4.6 
for CTDIvol in body phantom. 

 

 Table 4.5 CTDIvol displayed on monitor and calculated CTDIw using head 
techniques mAs 100, collimation 8 mm and 180 mmFOV. 

       kVp                                 CTDIvol (mGy) in head phantom 

                          ________________________________________________ 

                             Calculated                   Displayed                     % difference 

        80                      7.78*                         8.0                              - 2.8 

      100                     14.98*                       14.6                                2.6 

      120                     23.32*                       22.5                                3.6 

      135                     30.82*                       29.7                                3.7 

* As the 16 cm coverage exceeds the 10 cm dosimeter length, the correction factor 
ranges 1.08-1.1 for the kilovoltage peak value were applied [16]. 

 

CTDIvol displayed on the monitor and the calculated CTDIw using head techniques 
mAs 100, collimation 8 mm and 180 mmFOV are plotted in figure 4.1.  
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Figure 4.1 CTDIvol (mGy) and CTDIw (mGy) of head phantom as the function of kVp 
are plotted in red and blue straight lines of less than 4 percent different. 

 

Table 4.6 CTDIvol displayed on monitor and calculated CTDIw using body 
techniques mAs 100, collimation 8 mm and 500 mmFOV. 

       kVp                                 CTDIvol (mGy) in body phantom 

                          ________________________________________________ 

                              Calculated        Displayed                     % difference 

        80                       3.47*                         3.5                              - 0.9 

      100                       7.33*                         7.2                                1.8 

      120                     11.73*                       11.8                                0.6 

      135                     16.38*                       16.3                                0.5 

* As the 16 cm coverage exceeds the 10 cm dosimeter length, the correction factor 
ranges 1.02-1.08 for the kilovoltage peak value were applied [16]. 

 

CTDIvol displayed on monitor and CTDIw using body techniques mAs 100, 
collimation 8 mm and 500 mmFOV are plotted as the function of kVp as in figure 4.2. 
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Figure 4.2 CTDIvol(mGy) and CTDI w(mGy) of body phantom as the function of kVp 
are plotted in red and blue straight line of less than 2 percent different 

 

4.3 Patient information and scanning parameters 

 41 patients completed consent form before coronary CTA examination. 
Patients whose heart rates were more than 65 bpm were given Metaprolol 50-100 mg 
1 hour prior to the scanning to slow down and stabilize it. The patient data and 
scanning parameters were shown in Table 4.7   

Table 4.7 Patient information and scanning parameters 

Case 
No. 

Age 
(Yrs) 

Gender 
(M, F) 

BMI 
(kg/m2) 

kVp mA HR 
(bpm) 

Protocol 

  ____________________________________________________________________      

      1        56          F             31 120 500     52   Prospective70-80% 1RR 

      2        74          F             22 120 350     63   Prospective70-80% 1RR 

      3        45         M             27 120 400     54   Prospective70-80% 1RR 

      4        65          F             23 120 350     52   Prospective70-80% 1RR 

      5        73          F             27 120 400     64   Prospective70-80% 1RR 

      6        48         M            25 120 350     60   Prospective70-80% 1RR 

      7        75         M             23 120 350     50   Prospective70-80% 1RR 

      8        74         M             31 120 500      65   Prospective70-80% 1RR 

      9        52         M             31 120 500      64   Prospective70-80% 1RR 
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Table 4.7 Patient information and scanning parameters 

Case 
No. 

Age 
(Yrs) 

Gender 
(M, F) 

BMI 
(kg/m2) 

kVp mA HR 
(bpm) 

Protocol 

  ____________________________________________________________________      

    10        73         M             21 120 350      63   Prospective70-80% 1RR 

    11        77          F             28 120 400      65   Prospective70-80% 1RR 

    12        76          F             30 120 400      65   Prospective70-80% 1RR 

    13        33           F   25 120 350      65   Prospective70-80% 1RR 

    14        52          M 20 120 300      60   Prospective70-80% 1RR 

    15        74          M 20 120 300      60   Prospective70-80% 1RR 

    16        60          M 26 120 400      60   Prospective70-80% 1RR 

    17        54           F 21 120 350      56   Prospective70-80% 1RR 

    18        51           F 25 120 350      65   Prospective70-80% 1RR 

    19        58          M 25 120 350      65   Prospective70-80% 1RR 

    20        64           F 24 120 350      58   Prospective70-80% 1RR 

     21        69           F 31 120 500      57   Prospective70-80% 1RR 

     22       62          F             25 120 350      50   Prospective70-80% 1RR 

     23       39         M             29 120 400      60   Prospective70-80% 1RR 

     24       52          F             25 120 350      51   Prospective70-80% 1RR 

     25       51          F   23 120 350      64   Prospective70-80% 1RR 

     26       53         M             22 120 350      58   Prospective70-80% 1RR 

     27       63          F             25 120 350      65   Prospective70-80% 1RR 

     28       69         M             23 120 350      65   Prospective70-80% 1RR 

     29       66          F             30 120 400      41   Prospective70-80% 1RR 

     30       60         M             29 120 400     62   Prospective70-80% 1RR 

     31       56         M             26 120 400     70   Prospective30-80% 1RR 

     32       77         M             20 120 300     70   Prospective30-80% 1RR 

     33       52         M             19 120 300     69   Prospective30-80% 1RR 
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     Table 4.7 Patient information and scanning parameters 

Case 
No. 

Age 
(Yrs) 

Gender 
(M, F) 

BMI 
(kg/m2) 

kVp mA HR 
(bpm) 

Protocol 

  ____________________________________________________________________      

     34       36          F             25 120 350     74   Prospective30-80% 2RR 

     35       57          F             21 120 350     73   Prospective30-80% 2RR 

     36       64          F             28 120 400     71   Prospective30-80% 2RR 

     37        80          M   21 120 350      75     Retrospective* 

     38        72          M   20 120 300      72     Retrospective* 

     39        50           F    21 120 350      65     Retrospective*  

     40        58          M    23 120 350      80     Retrospective*  

      41        49          M       25 120 350      75     Retrospective*  

* Retrospective with tube current modulation 

 

4.4 Radiation dose 

 CTDIvol and DLP were recorded from monitor. To calculate the effective dose, 
DLP was multiplied by conversion coefficient of 0.014 mSv/mGy.cm for chest [15]. 

 

Table 4.8 Average CTDIvol, DLP and Effective dose from coronary CTA of 41 
patients in 4 protocols of various heart rates. 

Protocol                              N     CTDIvol(mGy) DLP(mGy.cm)   Effective dose(mSv) 

_____________________________________________________________________ 

1. PGT 70-80% 1RR         30              14.5                  260.5                        3.6 ± 0.9 

2. PGT 30-80% 1RR          3               31.1                  448.2                        6.3 ± 1.9 

3. PGT 30-80% 2RR          3               46.7                  767.0                      10.8 ± 1.8 

4. RGT with tube               5               49.3                  868.0                      12.1 ± 7.7 

    current modulation  
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Effective dose from coronary CTA is plotted against 41 patients of 4 protocols 
as in figure 4.3

 

Figure 4.3 Bar chart of the effective dose from 41 patients underwent coronary CTA 

 

 

 

Figure 4.4 Bar chart of the effective dose from 30 patients in PGT 70-80% 1RR 
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Figure 4.5 Bar chart of the effective dose from 3 patients in PGT 30-80% 1RR 

 

 

Figure 4.6 Bar chart of the effective dose from 3 patients in PGT 30-80% 2RR 

 

 

Figure 4.7 Bar chart of the effective dose from 5 patients in RGT with dose 
modulation 
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Bar chart 4.8 Compare the effective dose with other studies 

 

Figure 4.8 Effective dose, mSv from 41 patients, underwent coronary CTA in 4 
protocols was compared to other studies. 

All of studies were scanned from 320-detector rows CT, Toshiba Aquilion 
ONE. The details of protocol are shown in Table 4.9    
            

Table 4.9 Patient protocol compared with other studies  

   Protocol                     1                               2                              3                              4 

_____________________________________________________________________ 

This study    PGT 70-80% 1RR       PGT 30-80% 1RR     PGT 30-80% 2RR      RGT*  

Hoe J.[12]    PGT 65-100% 1RR     PGT 30-90% 2RR     PGT 30-90% 3RR      RGT*                         

                                                                                                                              3-5RR    

Seguchi Sh.[16]PGT 62-78% 1RR            -                       PGT 70% 2RR           RGT* 

Rybicki F J.[11]PGT 70-85% 1RR  PGT 60-100% 1RR  PGT 60-100% 2RR    RGT                      

Nasis A. [6]    PGT 60-100%                     -                                  -                      RGT* 

* Retrospective gating with tube current modulation 

 

For 30 patients in PGT 70-80%, when separate the effective dose from the 
BMI of the patient are shown in Figure 4.9 
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Figure 4.9 Effective dose, mSv from 30 patients from PGT 70-80% 1RR in 4 range 
of BMI. 

4.5 Image quality 

 4.5.1 Quantitative image quality 

 Image noise was defined as the standard deviation (SD) of CT Number. in a 
ROI (100 mm2) at the aortic root at the level of the origin of the left main coronary 
artery. The noise data is calculated and displayed in table 4.10 

 

Table 4.10 Image noise 

 Protocol                                  N                                          Image noise (HU)                     

_____________________________________________________________________ 

1. PGT 70-80% 1RR                         30                                               23.6 ± 3.8 

2. PGT 30-80% 1RR                           3                                               17.8 ± 1.1 

3. PGT 30-80% 2RR                           3                                               14.4 ± 2.8 

4. RGT with                                        5                                               21.5 ± 6.7   

    dose modulation   

 

Bar chart 4.3 Image noise and the effective dose are plotted as bar chart as in figure 
4.5 for 4 protocols. 
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Figure 4.10 Bar chart of image noise and the effective dose 

 

4.5.2 Qualitative image quality 

 Qualitative image qualities were evaluated by two radiologists from criteria 
score 4 to 1 as described in the chapter III. Table 4.11 and 4.12 are shown the scored 
from 1 radiologist with high experience.  

 

Table 4.11 Overall Image scoring 

Score                                RCA                   LMA                     LAD                     LCX 

_____________________________________________________________________ 

4 = Excellent                18(43.9%)            25(60.1%)            18(43.9%)     17(41.5%) 

3 = Good                      16(39.0%)            16(39.0%)            21(51.2%)     18(43.9%) 

2 = Fair                          7(17.1%)              0(0%)                   2(4.9%)         6(14.6%) 

1 = Poor                             0(0%)                   0(0%)                   0(0%)             0(0%) 

Total                                41                         41                         41                      41 

* Weighted Kappa = 0.652 (www.medcalc.org/manual/kappa.php) 
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Table 4.12 Image scoring in each protocol 

 Protocol     Vessel         4 = Excellent    3 = Good      2 = Fair      1 = Poor         Total 

_____________________________________________________________________ 

      1            RCA                     11                     14                  5                 0                 30 

                    LMA                    18                      12                 0                 0                 30     

                    LAD                     10                     19                  1                 0                 30 

                    LCX                     10                      16                 4                 0                 30 

               39(40.8%)       61(50.8%)    10(8.3%)       0(0%)      120(100%) 

_____________________________________________________________________ 

      2            RCA                       1                        1                  1                 0                  3 

                    LMA                      1                        2                  0                 0                  3 

                    LAD                       1                        1                  1                 0                  3 

                    LCX                       1                        1                  1                 0                  3
                    4(33.3%)           5(41.7%)     3(25.0%)     0(0%)    12(100%) 

_____________________________________________________________________ 

      3           RCA                    2                       1                  0                   0                 3 

                   LMA                   2                       1                  0                   0                  3  

                   LAD                    2                       1                  0                   0                 3 

                   LCX                    2                       1                  0                   0                  3 

                  8(66.7%)           4(33.3%)      0(0%)           0(0%)    12(100%) 

_____________________________________________________________________ 

     4            RCA                   4                        0                  1                   0                  5  

                   LMA                  4                        1                  0                   0                  5  

                   LAD                   5                        0                  0                   0                  5  

                   LCX                   4                        0                  1                   0                  5 

                           17(85%)               1(5%)          2(10%)         0(0%)    20(100%) 



CHAPTER V 

DISCUSSION AND CONCLUSION 

5.1 Discussion 

 Quality control of CT system is very important and should be firstly 
performed. All the measured CT Dose was evaluated following the AAPM No.39 
protocol using the conventional ionization chamber of 100 mm length. As new CT 
scanner is equipped with a 320 detector row which allows a longitudinal coverage of 
160 mm in one rotation. So 100 mm pencil chamber is no more appropriate for 
measuring the computed tomography dose index in air (CTDI in air) and weighted 
computed tomography dose index (CTDIw) value. Geleijns J, et al [17] studied CT 
dose assessment for a 160 mm wide, 320 detector row by comparing the standard 
measurements with 300 mm chamber. Correction factor (1.02 -1.1) for standard 
dosimetry equipment was applied to 320-detector row CT measurement to estimate 
dose with the use of conventional method. 

 CTDI100 in air was measured in head and body protocols in all slice 
collimation and all kVp. The CTDI100 in air values increased from small to large slice 
collimation and increase from 80 kVp to 135 kVp in head protocol. Similar results 
were recorded for the CTDI100 in air values in body protocol.  

 The calculated CTDIvol was higher than the displayed CTDIvol values in all 
kVp setting for head protocol except at 80 kVp. The percentage differences of 
calculated CTDIvol values were less than 4 ranging from -2.8 to 3.7. For body 
protocol, the calculated CTDIvol was higher than the displayed CTDIvol values in all 
kVp setting except in 80 kVp too. The percentage differences of calculated CTDIvol 
values were less than 2 ranging from -0.9 – 1.8. 

 From the IAEA Technical Report Series (TRS) No.457: Dosimetry in 
Diagnostic Radiology: An International Code of Practice [18], the discrepancy 
between the measurement and the displayed values came from the measurement 
uncertainty. The factors affect the measurement uncertainty to estimate the CTDI 
were the characteristics of ionization chamber and electrometer, the measurement 
scenario, the precision of reading, tube loading, chamber positioning, the phantom 
construction, the chamber response in phantoms and the inaccuracy on laser beam 
alignment. 

 Forty one consecutive patients were scanned using protocol 1-4 according to 
the heart rates. The patient’s heart rate were controlled to keep low heart rate so 30 
patients used protocol PGT 70-80% 1R-R interval acquisition, 3 patients used 
protocol 2 (PGT 30-80% 1R-R interval acquisition), 3 patients used protocol 3 (PGT 
30-80% 2R-R) and 5 patients used protocol 4 (RGT with tube current modulation). 
The patient information consisted of 21 male and 20 female, mean ages were 60.6, 
61.7, 52.3 and 61.8 years and mean BMI were 25.6, 21.8, 24.6 and 21.6 kg/m2 in 
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protocol 1 to 4, respectively. Some of the patients heart rate was less than 65 bpm but 
RGT was used because of the heart rate variability. 

 CTDIvol in PGT was lowest of 14.5 mGy in PGT 70-80% 1R-R and the 
highest is 49.3 mGy in RGT with tube current modulation. In PGT, the CTDIvol is 
increasing in 14.5, 31.1 to 46.7 mGy in phase window 70-80% 1R-R, 30-80% 1R-R 
and 30-80% 2R-R, respectively. Effective radiation dose was estimated from the DLP 
and a conversion factor of 0.014 mSv/mGy.cm [15]. The lowest effective dose was 
3.6 ± 0.9 mSv in PGT 70-80% 1R-R and increased in PGT 30-80% 1R-R = 6.3 ± 1.9 
mSv, PGT 30-80% 2 R-R = 10.8 ± 1.8 mSv and the highest was 12.1 ± 7.7 mSv in 
RGT with tube current modulation. The highest dose in case no. 4 of the RGT with 
tube current modulation was 25.1 mSv because of using 3 R-R.  

 In comparison to other studies [12], [16], [11], [6] with similar acquisition 
protocols, the effective dose in our study is lowest among the others because of the 
narrow window width. Steigner ML, el al [19] studied the narrowing phase window 
width in prospectively ECG-gated single heart beat in 320-detector row coronary CT 
angiography, and concluded that the phase window width of 10% reduced patient 
radiation and yield diagnostic images in more than 90% of patients but heart rate 
control is still an important component of 320-detector row prospectively gated CT 
dose reduction. In PGT 1 R-R, our study phase window width at 10% from 70-80% so 
the radiation dose is lower than Hoe J [12] 65-100% 1R-R, Segushi SH [16] 62-78%, 
Rybicki FJ [11] 70-85% and Nasis A [6] 60-100% 1R-R. The radiation dose increased 
if scanned more than one heart beat. For retrospective ECG gated, the radiation dose 
was higher than prospective ECG gated because of more exposure in R-R interval. 
One method to reduce radiation dose is the use of tube current modulation [20]. 
Although the radiation dose in retrospective with tube current modulation was higher 
than prospective gated but this technique can reduce the patient dose from 
retrospective technique with full exposure. This technique can be a choice in the 
patient with uncontrollable high heart rate or non stable heart rate.  

 Besides the acquisition mode, the mA and kVp settings also affect the patient 
dose. In our study, the mA and kVp setting depend on BMI of the patient.   

 In the part of quantitative image quality, image noise in PGT 70-80% 1R-R 
was 23.6 ± 3.8 HU which was the highest and decreasing in PGT 30-80% 1R-R to 
17.8 ± 1.1 HU, in PGT 30-80% 2R-R to 14.4 ± 2.8 HU. The image noise in RGT with 
tube current modulation was 21.5 ± 6.7 HU. 

 For overall qualitative image scored by two radiologists (weighted kappa 
value = 0.652) shown good agreement, in RCA the score was excellent 43.9%, good 
39.0%, fair 17.0% and poor 0% score. The score of LMA was excellent 60.1%, good 
39.0%, fair and poor 0% score. The score of LAD was excellent 43.9%, good 51.2%, 
fair 4.9% and poor 0% score. The score of LCX was excellent 41.5%, good 43.9%, 
fair 14.6% and poor 0% score. 
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 In each protocol, the score in PGT 70-80% 1R-R was excellent 40.8%, good 
50.8% and fair 8.3%. In the PGT 30-80% 1R-R the score was excellent 33.3%, good 
41.7% and fair 25%. In PGT 30-80% 2R-R was excellent 66.7% and good 33.3%. In 
RGT with tube current modulation were excellent 86%, good 5% and fair 10%.   

 The limitations in this study are, first, the direct measurement of patient dose 
using the gold standard method of TLD has not performed, the segmental vessel 
image qualities not analyze and the numbers of cases are not uniform for each 
protocol. 

 

5.2 Conclusion 

 Our CTDI measurements provide the CTDI data to verify radiation dose with 
the display monitor at work station. The calculated CTDI and DLP value and the 
monitor value were different at less than ± 5% percent. Therefore, the CTDI and DLP 
values on monitor can be confidently used to evaluate the patient dose. The effective 
dose was obtained by DLP multiply by the conversion coefficients at the region 
specific coefficients. The data could be obtained from European Commissioning. 

 Coronary Angiography studied by 320-detector row computed tomography at 
King Chulalongkorn Memorial Hospital, the CTDIvol in PGT 70-80% 1R-R was 
lowest at 14.5 mGy and the highest was obtained in RGT with tube current 
modulation 1-3 R-R at 49.3 mGy. The effective dose in PGT 70-80% 1R-R was 
lowest at 3.6 ± 0.9 mSv, in PGT 30-80% 1R-R and 2R-R and were 6.3 ± 1.9 and 10.8 
± 1.8 mSv, respectively. In RGT with tube current modulation, the effective dose was 
highest at 12.1 ± 7.7 mSv. 

 Image noise was the highest in PGT 70-80% 1R-R and decreased in RGT with 
tube current modulation, PGT 30-80% 1R-R and lowest in PGT 30-80% 2 R-R. 
Overall qualitative image quality was mostly good to excellent score. 

 In CCTA, the heart rate, the heart rate variability and the diseasing of the 
patient affect the radiation dose and image quality so the suitable acquisition protocol 
must be optimized. Besides that, the considerations of patient weight and height, also 
affect the radiation dose and image quality.   

 In conclusion, our study shows that in patients with low heart rate, PGT 70-
80% 1 R-R in 320-detector row CT lower radiation dose and good to excellent image 
quality could be obtained because of the narrowing phase window width and single 
heart beat. In higher heart rate patient, more phase window and more heart beat could 
be used. In addition, the RGT with tube current modulation, the effective dose was 
higher than PGT but lower than RGT with full dose exposure [20] so can be used in 
higher heart rate for good diagnostic.   
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5.3 Recommendation 

Prospective gating technique with narrowing the exposure window and single 
heartbeat was recommended for performing 320-detector row CCTA to get the 
acceptable image quality in the lowest effective dose for the patient. Pre-examination 
HR controlling less than 65% R-R interval is still necessary for the highest dose 
reduction. The optimization between dose and image quality must be concerned for 
the radiation safety to patients. 
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Appendix A: Case Record Form 

Table 1 Data Collection form of patient information 

Part 1: Radiation dose  

Clinical data collection sheet for radiation dose  in coronary angiography   

Computed tomography at diagnostic radiology unit 

D/M/Y  

Patient study 
number 

 

Height (cm)  

Weight (kg)  

gender  

Age  

BMI  

HR(bpm)  

HR variability  

Protocol  

kV  

mAs  

Slice Collimation Thickness (mm)  

CTDI vol (mGy)  

DLP (mGy.cm)  

Effective Dose (mSv)  
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Part 2: Image quality scores (1-4) 

Table 2 Data Collection form of image score 

 Clinical data collection sheet for image quality scoring (1-4) 

Case No. Right Coronary 
Artery 
(RCA) 

Left Main 
Coronary 

Artery 
(LMA) 

Left Anterior 
Descending 

Artery 
(LAD) 

Left Circumflex 
Artery 
(LCX) 

01     

 

: 

 Clinical data collection sheet for image quality scoring (1-4) 

Case No. Right Coronary 
Artery 
(RCA) 

Left Main 
Coronary 

Artery 
(LMA) 

Left Anterior 
Descending 

Artery 
(LAD) 

Left Circumflex 
Artery 
(LCX) 

41     
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Appendix B: Quality Control of CT system 

1. Scan Localization Light Accuracy 

Purpose: To test congruency of scan localization light and scan plane. 

Method: Tape Localization film to the backing plate making sure that the edges 
of the film are parallel to the plate edge.   Place the film vertically 
along the midline of the couch aligned with its longitudinal axis.   
Raise the table to the head position. Turn the alignment light. Mark 
both internal and external light with unique pin pricks along the 
midline of the light. Expose the internal light localization using the 
narrowest slice setting at 120-140 kVp, 50-100 mAs. For external light 
increment table to light position under software control and expose the 
film. 

Tolerance: The center of the irradiation field from the pin pricks should be less 
than 2 mm. 

Results: 

Measured Deviation External 0 mm 
 Internal 1.5 mm 

 

Comments: Pass 

2. Alignment of Table to Gantry 

Purpose: To ensure that long axis of the table is horizontally aligned with a 
vertical line passing through the rotational axis of the scanner. 

Method: Locate the table midline using a ruler and mark it on a tape affixed to 
the table. With the gantry untilted, extend the table top into gantry to 
tape position. Measure the horizontal deviation between the gantry 
aperture centre and the table midline.      

Tolerance: The deviation should be within 5 mm . 

Results: 

                                                Table                         Bore 

_____________________________________________________________________ 

Distance from Right to Center (mm)       236                          359 

Distance from Centre to Left (mm)            234                    361 
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Measured Deviation (mm)*     1                  1 

*Measured deviation = (Distance from right to center – Distance from center to      

                                       left)/2 

Comments: Pass 

3. Table Increment Accuracy 

Purpose: To determine accuracy and reproducibility of table longitudinal 
motion. 

Method: Tape a measuring tape at the foot end of the table. Place a paper clip at 
the center of the tape to function as an indicator. Load the table 
uniformly with 150 lbs. From the initial position move the table 300, 
400 and 500 mm into the gantry under software control. Record the 
relative displacement of the pointer on the ruler. Reverse the direction 
of motion and repeat. Repeat the measurements four times.   

Tolerance: Positional errors should be less than 3 mm at 300 mm position. 

Results: 

Indicated (mm) Measured (mm) Deviation (mm) 
 

500 500 0 
400 400 0 
300 299 1 

                 - 300                     - 300 0 
                 - 400                     - 400 0 
                 - 500                     - 500 0 

 

*Deviation = | Indicated – Measured| 

Comments: Pass 

4. Slice Increment Accuracy 

Purpose: To Determine the accuracy of the slice increment. 

Method: Set up as you would for beam profile measurement. Select 120 kVp, 
100 mAs, and smallest slit width. Perform several scans with different 
programmed slice separations under auto control. Scan the film with a 
densitometer and measure the distance between the peaks. 

Tolerance: Position errors should be less than 3 mm at 300 mm position. 
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Results:       

Slice Separation in mm          Measured Separation in mm Deviation (mm) 
 

20 20 0 
30 30 0 
50 50 0 

 

*Deviation = |Slice separation – Measured separation|     

Comments: Pass 

5. Gantry Angle Tilt 

Purpose: To determine the limit of gantry tilt and the accuracy of tilt angle 
indicator. 

Method: Tape a localization film to the backing plate making sure that the edges 
of the film are parallel to the edges of the backing plate. Place the film 
vertically along the midline of the couch aligned with its longitudinal 
axis. Raise the table to the head position. Move the table into the 
gantry. Center plate to alignment light. Expose the film at inner light 
location using narrowest slit, 120-140 kVp, 50-100 mAs. Tilt the 
gantry to one extreme from the console.   Record the indicated gantry 
angle. Expose the film using the above technique. Measure the 
clearance from the closest point of gantry to midline of the table.  

 Tilt the gantry to its extreme in the opposite direction. Record 
clearance and repeat the exposure.   Measure the tilt angles from the 
images on the film.  

Tolerance: Deviation between indicated and measured tilt angles <30. Gantry 
clearance should be >30 cm.      
     

Results: 

 Away Toward 
 

Indicated Angle 15º 15º 
Measured Angle 15º 15º 
Deviation* 0 0 

 

*Deviation = |Indicated angle – Measured angle|  

Comments: Pass 
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6. Position Dependence of CT Numbers      

Method: Position the water phantom centered in the gantry. Using 1 cm slice 
thickness, obtain one scan using typical head technique. Select a 
circular region of interest of approximately 400 sq. mm. and then 
record the mean C.T. number and standard deviation for each of the 
positions 1 through 5. 

Technique: 120 kVp, 250 mA, 1 sec, slice collimation 8 mm. 180 mmSFOV. 

Tolerance: The coefficient of variation of mean CT numbers of the four scans 
should be less than 0.2. 

Results:  

Position Mean C.T. # S.D. C.V. 
    

1 113.3 11.0 0.097 
2 113.3 12.0 0.106 
3 115.8 11.6 0.100 
4 113.4 12.9 0.114 
5 113.7            9.8 0.086 

 

*CV = Standard deviation/mean CT number 

 

 

                       

 

           
   

 

 

Figure I Position of ROI for CT number measurement. 

Comments: Pass 

7. Reproducibility of CT Numbers. 

Method: Using the same set up and technique as position dependence, obtain 
three scans. Using the same ROI as position dependence in location 5, 

1 

2 

3 

4 5 
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this is the center of the phantom obtain mean C.T. numbers for each of 
the four scans. 

Tolerance: The coefficient of variation of mean CT numbers of the four scans 
should be less than 0.002. 

Results: 

Run Number 1 2 3 4 
     

Mean CT Number (HU)
          

113.21 113.27 113.42 113.46 

 

  
  
  
  
           
                   

 Comments: Pass 

8. mAs Linearity 

Method: Set up the same as position dependence and insert 10 cm long pencil 
chamber in the center slot of the C.T. dose head phantom. Select the 
same kvp and time as used for head scan. Obtain four scans in each of 
the mA stations normally used in the clinic. For each mA station 
record the exposure in mGy for each scan. Scans should be performed 
in the increasing order of mA. Compute mGy/mAs for each mA 
setting. 

Technique: 120 kVp, 250 mA, 1 sec, 180 mmSFOV     

Results:   

mA Exposure in mGy mGy/mAs C.V. 
  

Run 1 Run 2 Run 3 Run 4 
 

     

50 1.018 1.011 1.017 1.02 0.02 1.000 
100 2.037 2.041 2.022 2.02 0.02 0.001 
200 4.064 4.055 4.017 4.024 0.02 0.002 
250 5.025 5.017 5.034 5.023 0.02 0.003 

Mean Global C.T. Number 

 

113.34 

      Standard Deviation 

 

0.119 

      Coefficient Of variation 

 

0.001 
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300 6.923 6.869 6.868 6.932 0.02 0.067 
400 9.228 9.225 9.242 9.172 0.02 0.001 
500 11.54 11.44 11.42 11.42 0.02 0.003 

 

                                                  

 

Figure II The relationship of mGy and mAs 

Comments: Pass 

9. Linearity of CT Numbers 

Method: Set up the catphan phantom as described in beam alignment. Select the 
section containing the test objects of different CT numbers. Select the 
head technique and perform a single transverse scan. Select a region of 
interest (ROI) of sufficient size to cover the test objects. Place the ROI 
in the middle of each test object and record the mean CT number.  

Technique: 120 kVp, 250 mA, 1 sec, 180mm SFOV, slice collimation 8 mm. 

Tolerance: R-square between measured CT number and linear attenuation 
coefficient (µ) more than 0.9 

Results: 

Material Expected CT no. (HU) Measured CT no. (HU) µ(cm-1) 
 

Air(inferior) -1000            -984.7 0 
Air(superior) -1000            -943.7                  0 

Acrylic 120             114.7 0.184 
Polystyrene  -35              -41.9 0.162 

y = 0.0237x - 0.4138
R² = 0.9948
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LDPE -100            -98.9 0.151 
PMP -200          -186.5 0.136 

Delrin  340           309.6 0.217 
Teflon 990           913.5 0.305 

 

Note: Expected CT numbers are either the predicted ones or the ones obtained 
during the previous annual measurement. 

Comments: Pass 

           

Figure III Linearity of CT number 

10. Accuracy of Distance Measurement 

Purpose: To test accuracy of Distance Measurement and for circular symmetry 
of the CT image 

Method: Set up the catphan phantom as described in beam alignment. Select the 
section containing the test accuracy of distance measurement. Select 
the head technique and perform a single transverse scan. Measured 
object in x and y axes. 

 

 

 

 

 

Figure III Accuracy 
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Results: 

Position Indicate (mm) Measured (mm) Different (mm) 
    
1 50 49.9 0.1 
2 50 49.9 0.1 
3 50 50.3 0.3 
4 50 49.9 0.1 

 

Comment: Pass 

11. Image uniformity 

Method: Set up the catphan phantom as described in beam alignment. Select the 
section containing the image uniformity module. Select the head 
technique.   Perform a single transverse scan. Measure the mean value 
and the corresponding standard deviations in CT numbers within a 
region of interest (ROI). These measurements are taken from different 
locations within the scan field. 

Technique: 120 kVp, 600 mA, 1.5 sec, 200 mm FOV 

 

Tolerance: 5 HU 

Results: 

 

 

 

 

Figure IV Image Uniformity 

 

Position CT number (HU) SD Different (HU) 
    

Center 2.85 3.02 0 
3 o’clock 3.57 2.24 0.72 
6 o’clock 2.82 2.53 0.03 
9 o’clock 3.55 2.37 0.70 

  12 o’clock 4.30 2.35 1.45 
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*Different = |CT number center – CT number peripheral| 

Comment: Pass 

12. High Contrast Resolution 

Method: Set up the catphan phantom as described in beam alignment. Select the 
section containing the high resolution test objects. Select the head 
technique.   Perform a single transverse scan. Select the area 
containing the high resolution test objects and zoom as necessary. 
Select appropriate window and level for the best visualization of the 
test objects. Record the smallest test object visualized on the film.  

Technique: 120 kVp, 600 mA, 1.5 sec, 200 mm FOV 

 

 

 

 

 

 

 

Figure V High contrast resolution 

Results: 

Slice Thickness in mm Resolution 
  
8 7 lp/cm (0.071 mm) 

 

   

13. Low Contrast Detectability 

Method: Select the section containing the low resolution test objects in the mini 
phantom. Perform a single transverse scan utilizing the same technique 
as high resolution. 

Technique: 120 kVp, 600 mA, 1.5 sec, 200 mm FOV, slice collimation 8 mm  
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Figure VI Low contrast detectability 

Results: 

Supra-slice Nominal target contrast levels Hole %Contrast 
    
 0.30%  6 1.5 
 0.50%  8 1.5 
 1% 9 2 
    

Sub-slice Nominal target contrast levels Hole %Contrast 
    
 3 mm Length  4 3 
 5 mm Length  4 5 
                   7 mm Length 4 7 

 

14. Radiation Profile width 

Purpose: To Determine the accuracy of the slice thickness. 

Method: Set up the catphan phantom as described in beam alignment. Select the 
section containing the accuracy of the slice thickness test objects. 
Select the head technique. Perform scan following catphan manual in 
each slice collimation. Calculate the real slice thickness. 

Technique: 120 kVp, 600 mA, 1.5 sec 

Tolerance: should be < 1mm 

Results:   

Slice Thickness(mm) 1 2 3 4 5 8 
Peak 605 368 303 233 215 168 
B.G. 85.99 85.89       90                85.89 89 88 

Net Peak (NP.) 519.01 282.11 213 147.11  126 80 
50% NP. 259.5 141.01     107 73.55 63 40 

H.M. (50%NP. + 
B.G.)     

345.49 226.9 197 159.47 152 128 
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FWHM L1 2.6 4.3 6.6 9.5 11.2          18.3 
FWHM L2 2.6 4.7          6.6 9.0 11.7          19.2 
FWHM L3 2.6 4.7 6.6 9.0 11.7           18.7 
FWHM L4 2.6 4.7 7.0 9.0 11.2           18.3 

Average FWHM 2.6 4.6 6.7 9.1      11.5         18.6 
SL = (Average 
FWHM x 0.42) 

1.09 1.93 2.81     3.83 4.81          7.82     

 

Comment: Pass  

 

Purpose: To Determine the maximum z-axis coverage 

Method: Position the water phantom centered in the gantry. Use Gafchromic 
film inserted to the center slot of phantom. Open maximum detector 
array (320x0.5 mm), obtain one scan using typical head technique.  

Technique 120 kVp, 200 mA, 1 sec 

 

Results: 

Maximum z-axis coverage Measured FWHM 
  

16 cm 17.3 cm 
 

                             

 

 

 

 

 

 

 

 

 

Figure VII Beam profile using Gafchromic film 
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Appendix C: Patient information sheet 

เอกสารข้อมูลค าอธิบายส าหรับผู้ป่วยที่เข้าร่วมการวิจัย  (Patient information sheet) 

การวิจยัเร่ือง ปริมาณรังสีและคุณภาพของภาพในการตรวจหลอดเลือดโคโรนารี จากเคร่ือง คอมพิวเตด็โท

โมกราฟฟี ชนิด 320 หวัวดั 

เรียน ผูเ้ขา้ร่วมโครงการวิจยัทุกท่าน 

ท่านไดรั้บเชิญใหเ้ขา้ร่วมในโครงการวิจยัน้ีเน่ืองจากท่านเป็นผูป่้วยท่ีเขา้มารับการตรวจหลอดเลื อด

หวัใจโคโรนารีโดยใชเ้คร่ืองเอ กเรยค์อมพิวเตอร์ชนิด 320 หวัวดัเพื่อประเมินปริมาณรั งสีที่ไดรั้บจากการตรวจ

และคุณภาพของภาพเพื่อการวินิจฉัย  ก่อนที่ท่านจะตดัสินใจเขา้ร่วมในการศึกษาวิจยัดงักล่าว ขอใหท้่านอ่าน

เอกสารฉบบัน้ีอยา่งถี่ถว้น เพื่อใหท่้านไดท้ราบถึงเหตุผลและรายละเอียดของการศึกษาวิจยัในคร้ังน้ี หากท่านมีขอ้

สงสัยใดๆ เพิ่มเติม กรุณาซักถามจากทีมงานของแพทยผ์ูท้  าวิจยั หรือแพทยผ์ูร่้วมท าวิจยัซ่ึงจะเป็นผูส้ามารถตอบ

ค าถามและใหค้วามกระจ่างแก่ท่านได ้

 ท่านสามารถขอค าแนะน าในการเขา้ร่วมโครงการวิจยัน้ีจากครอบครัว เพื่อน หรือแพทยป์ระจ าตวัของ

ท่านได ้ท่านมีเวลาอยา่งเพียงพอในการตดัสินใจโดยอิสระ ถา้ท่านตดั สินใจแลว้ว่าจะเขา้ร่วมในโครงการวิจยัน้ี 

ขอใหท่้านลงนามในเอกสารแสดงความยนิยอมของโครงการวิจยัน้ี 

 ปัจจุบนัการตรวจ วินิจฉัย หวัใ จและหลอดเลือดหวัใจดว้ยเคร่ืองเอ กซเรยค์อมพิวเตอร์ (Coronary 

Computed Tomographic Angiography) มีความส าคญัอยา่งยิง่ เน่ืองจากเป็นการตรวจท่ีไม่ลุกล  ้าเขา้ไปในตวั ผูป่้วย

ท าใหล้ดอตัราการเสียชีวิตและทุพลภาพไดม้ากกว่าการตรวจหวัใจและหลอดเลือดวิธีเดิม คือการฉีดสารทึบรัง สีดู

หลอดเลือดหวัใจโดยตรง (Conventional Angiography) รวมทั้งปริมาณรังสีท่ีผูป่้วยไดรั้บยงันอ้ยกว่ าดว้ย จึงไดมี้

การพฒันาเคร่ืองเอกซเรยค์อมพิวเตอร์ใหมี้ประสิทธิภาพมากข้ึน เพื่อใหล้ดเวลาในการตรวจและเพิ่มคุณภาพของ

ภาพท าใหก้ารวินิจฉัยมีประสิทธิภาพมากยิง่ข้ึน  เคร่ืองเอกซเรยค์อมพิวเตอร์เป็นการสร้างภาพตดัขวางของร่างกาย

โดยใชรั้งสีเอ๊กซ์ ซ่ึงปัจจุบนัไดมี้การวิวฒันาการของเคร่ืองตรวจใหส้ามารถตรวจไดอ้ยา่งรวดเร็วดงัที่กล่าวมาแลว้ 

ผูป่้วยนอนบนเตียงตรวจขณะเตียงเลื่อนเขา้-ออกผ่านเคร่ือง โดยในเคร่ืองเอกซเรยค์อมพิวเตอร์ชนิด 320 หวัวดั มี

การเพิ่มจ านวนหวัวดัมากถึง 320 หวัวดั เวลาการหมุนของแกนทรี (gantry) 0.35 วินาที เพิ่มรายละเอียด (temporal 

and spatial resolution) ท าใหภ้าพท่ีไดมี้คุณภาพดียิง่ข้ึน 

การศึกษาวิจยัในคร้ังน้ี มีวตัถุประสงคเ์พื่อศึกษาปริมาณรังสีที่ผูป่้วยไดรั้บและคุณภาพของภาพจากการ

ตรวจหลอดเลือดหวัใจโคโรนารี ในเคร่ืองเอกซเรยค์อมพิวเตอร์ชนิด 320 หวัวดั 
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หลงัจากท่านใหค้วามยนิยอมท่ีจะเขา้ร่วมในโครงการวิจยัน้ี ผูว้ิจยัจะขอตรวจประเมินปริมาณรังสีและ

คุณภาพของภาพจากการตรวจหลอดเลือดหวัใจโคโรนารี ในเคร่ืองเอกซเรยค์อมพิวเตอร์ชนิด 320 หวัวดั  โดยการ

ตรวจดูตรวจหลอดเลือดหวัใจโคโรนารี นั้นมีขั้นตอนดงัน้ี 

- งดน ้า งดอาหาร อยา่งนอ้ย 4-6 ชัว่โมง 

- รับประทานยาไดต้ามปกติ ยกเวน้ ผูป่้วยเบาหวานใหง้ดยาเบาหวานในวนัตรวจ 

- เจา้หนา้ที่ท  าการซักประวติัการแพส้ารทึบรังสี แพอ้าหารทะเล แพย้าเป็นโรคภูมิแพ ้เป็นโรคหอบหืด  

   รุนแรง   โรคหวัใจ โรคเกี่ยวกบัไต 

- พยาบาลจะใหส้ารน ้าผ่านทางหลอดเลือดบริเวณขอ้พบัแขน เพื่อใชส้ าหรับการฉีดสารทึบรังสี 

- ในกรณีที่ผูป่้วยมีอตัราการเตน้ของหวัใจมากกว่า 65 คร้ังต่อนาที อาจมีความจ าเป็นตอ้งใหย้าลดอตัรา 

   การเตน้ ของหวัใจ ก่อนตรวจคร่ึงถึงหน่ึงชัว่โมง 

- ในระหว่างการตรวจ ผูป่้วยตอ้งปฏิบติัตามค าแนะน าของเจา้หนา้ที่ เช่น การหายใจเขา้-ออก และการ 

   กลั้นหายใจ เพื่อใหไ้ดภ้าพท่ีคมชดั 

 จากนั้นผูว้ิจยัจะท าการบนัทึกค่าปัจจยั (Parameters) ต่างๆที่เกี่ยวขอ้งในการตรวจเพื่อน าไปประเมิน

ปริมาณรังสีที่ผูป่้วยไดรั้บ และน าภาพที่ไดจ้ากการตรวจใหรั้งสีแพทยป์ระเมินคุณภาพของภาพ 

ความรับผิดชอบของผู้ป่วยอาสาสมัครผู้เข้าร่วมในโครงการวิจัย 

 เพื่อใหง้านวิจยัน้ีประสบความส าเร็จ ผูท้  าวิจยัใคร่ขอความความร่วมมือจากท่าน  โดยจะขอใหท่้าน

ปฏิบติัตามค าแนะน าของผูท้  าวิจยัอยา่งเคร่งครัด รวมทั้งแจง้อาการผิดปกติต่าง ๆ ท่ีเกิดข้ึนกบัท่านระหว่างท่ีท่าน

เขา้ร่วมในโครงการวิจยัใหผู้ท้  าวิจยัไดรั้บทราบ 

ความเส่ียงที่อาจได้รับ 

 เน่ืองจากเป็นตรวจวินิจฉัยโดยใชรั้งสีเอ๊กซ์ ผูป่้วยจึงอาจมีความเส่ียงจากรังสีที่ไดรั้บและอาจมีความ

เส่ียงเน่ืองจากการแพส้ารทึบรังสีที่ฉีดเขา้ไปในร่างกาย  รว มถึงอาการขา้งเคียง  เช่น ร้อนไปทัว่ตวั ผื่นคนั แน่น

หนา้อก หายใจไม่ออก และความไม่สบายท่ียงัไม่มีการรายงานดว้ย ดงันั้นระหว่างท่ีท่านอยูใ่นโครงการวิจยัจะมี

การติดตามดูแลสุขภาพของท่านอยา่งใกลชิ้ด กรุณาแจง้ผูท้  าวิจยัในกรณีที่พบอาการดงักล่าวขา้งตน้ หรืออาการอื่น 

ๆ ที่พบร่วมดว้ย ระหว่างที่อยูใ่นโครงการวิจยั ถา้มีการเปลี่ยนแปลงเกี่ยวกบัสุขภาพของท่าน ขอใหท้่านรายงานให้

ผูท้  าวิจยัทราบโดยเร็ว 
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ความเส่ียงที่ได้รับจากการฉีดสารทึบรังสี 

สารทึบรังสี หรือ Contrast media เป็นสารเคมีที่เม่ือฉีดเขา้ไปในร่างกาย สามารถเพิ่มความแตกต่าง

ระหว่างสีขาวและสีด า (contrast) ในการถ่ายภาพอวยัวะภายในดว้ยเอกซเรย ์หรือเอกซเรยค์อมพิวเตอร์ ภาพที่ได้

จะมีความชดัเจนม ากข้ึน และสามารถบอกต าแหน่งของ รอยโรค  การอุดตนั หรือบอกโค รงสร้างที่ผิดปกติของ

อวยัวะภายในไดดี้ข้ึน สารทึบรังสีน้ีสามารถใชก้บัร่างกายหลาย ๆ ส่วนดว้ยกนั เช่น สมอง หวัใจ  กระดูกสันหลงั 

ระบบทางเดินปัสสาวะ ระบบหลอดเลือด เช่น ใชใ้นการตรวจแยกภาวะหลอดเลือดสมองแตกหรืออุดตนั ตรวจหา

เน้ืองอกในสมอง ตรวจหาการตีบตนัของหลอดเลือดต่าง ๆ ดูว่าหลอดเลือดหวัใจตีบตนัมากนอ้ยเพียงใด  ดูระบบ

ทางเดินปัสสาวะเพื่อหาการอุดตนั ดูการกดทบัเส้นประสาทของกระดูกไขสันหลงั  เป็นตน้  โดยสารทึบรังสีที่ใช้

ในทางการแพทยมี์อยู ่2 ชนิด คือ ชนิดแตกตวัเป็นไอออน (ionic contrast media) และชนิดไม่แตกตวัเป็นไอออน 

(non-ionic contrast media) โดยในงานวิจยัคร้ังน้ีท่านจะไดรั้บการฉีดสารทึบรังสีชนิดไม่แตกตวั  ซ่ึงมีผลขา้งเคียง

นอ้ยกว่าแต่อยา่งไรกต็าม จะมีแพทย ์เจา้หนา้ที่พยาบาล ดูแลอยา่งใกลชิ้ด เพื่อรับการ แจง้จากท่านโดย ทนัทีท่ีเกิด

ความผิดปกติ 

ความเส่ียงที่ไม่ทราบแน่นอน 

ท่านอาจเกิดอาการขา้งเคียง หรือความไม่สบาย นอกเหนือจากท่ีไดแ้สดงในเอกสารฉบบัน้ี ซ่ึงอาการ

ขา้งเคียงเหล่าน้ีเป็นอาการท่ีไม่เคยพบมาก่อน เพื่อความปลอดภยัของท่าน ควรแจง้ผูท้  าวิจยัใหท้ราบทนัทีเม่ือเกิด

ความผิดปกติใดๆ เกิดข้ึน หากท่านมีขอ้สงสัยใดๆ เกี่ยวกบัความเส่ียงท่ีอาจไดรั้บจากการเขา้ร่ วมในโครงการวิจยั 

ท่านสามารถสอบถามจากผูท้  าวิจยัไดต้ลอดเวลา  หากมีการคน้พบขอ้มูลใหม่ ๆ ที่อาจมีผลต่อความปลอดภยัของ

ท่านในระหว่างที่ท่านเขา้ร่วมในโครงการวิจยั ผูท้  าวิจยัจะแจง้ใหท้่านทราบทนัที เพื่อใหท้่านตดัสินใจว่าจะอยูใ่น

โครงการวิจยัต่อไปหรือจะขอถอนตวัออกจากการวิจยั 

การพบแพทย์นอกตารางนัดหมายในกรณีที่เกิดอาการข้างเคยีง 

 หากมีอาการขา้งเคียงใด ๆ เกิดข้ึนกบัท่าน ขอใหท่้านรีบมาพบแพทยท่ี์สถานพยาบาลทนัที ถึงแมว้่าจะ

อยูน่อกตารางการนดัหมาย เพื่อแพทยจ์ะไดป้ระเมินอาการขา้งเคียงของท่าน และใหก้ารรักษาที่เหมาะสมทนัที 

หากอาการดงักล่าวเป็นผลจากการเขา้ร่วมในโครงการวิจยั ท่านจะไม่เสียค่าใชจ่้าย  

ประโยชน์ที่อาจได้รับ 

 ท่านจะทราบปริมาณรังสีท่ีท่านไดรั้บในการตรวจในคร้ังน้ี และแพทยใ์ชเ้ป็นขอ้มูลประเมินผลของรังสี

ท่ีอาจเกิดข้ึนกบัท่าน ภายหลงัจากการเขา้ตรวจวินิจฉัยหลอดเลือดหวัใจโคโรนารีดว้ยเคร่ืองเอกซเรยค์อมพิวเตอร์

ชนิด 320 หวัวดั ในคร้ังน้ีได ้การเขา้ร่วมในโครงการวิจยัของท่านคร้ังน้ีอาจจะลดความรุนแรงของการไดรั้บ



69 
 

ปริมาณรังสีที่สูงในผูป่้วยรายต่อๆไปที่มาเขา้รับการตรวจ และ/หรือการตรวจในคร้ังต่อๆ ไปของท่านได ้แต่ไม่ได้

รับรองว่าสุขภาพของท่านจะตอ้งดีข้ึนหรือความรุนแรงของโรคจะลดลงอยา่งแน่นอน 

ข้อปฏิบัติของท่านขณะที่ร่วมในโครงการวิจัย ขอใหท่้านปฏิบติัดงัน้ี 

- ขอใหท่้านใหข้อ้มูลทางการแพทยข์องท่านทั้งในอดีต และปัจจุบนั แก่ผูท้  าวิจยัดว้ยความสัตยจ์ริง 

- ขอใหท้่านแจง้ใหผู้ท้  าวิจยัทราบความผิดปกติท่ีเกิดข้ึนระหว่างท่ีท่านร่วมในโครงการวิจยั 

- ขอใหท้่านปฏิบติัตวัตามที่เจา้หนา้ที่หน่วยเอกเรยค์อมพิวเตอร์แนะน าขณะท าการตรวจ 

อันตรายที่อาจเกิดข้ึนจากการเข้าร่วมในโครงการวิจัยและความรับผิดชอบของผู้ท าวิจัย/ผู้สนับสนุนการวิจัย 

 หากพบอนัตรายท่ีเกิดข้ึนจากการวิจยั ท่านจะไดรั้บการรักษาอยา่งเหมาะสมทนัที  หากพิสูจน์ไดว้่าท่าน

ปฏิบติัตามค าแนะน าของทีมผูท้  าวิจยัแลว้ ผูท้  าวิจยั /ผูส้นบัสนุนการวิจยัยนิดีจะรับผิดชอบค่าใชจ่้ายในการ

รักษาพยาบาลของท่าน และการลงนามในเอกสารใหค้วามยนิยอม ไม่ไดห้มายค วามว่าท่านไดส้ละสิทธ์ิทาง

กฎหมายตามปกติที่ท่านพึงมี  ในกรณีท่ีท่านไดรั้บอนัตรายใด ๆ หรือตอ้งการขอ้มูลเพิ่มเติมท่ีเกี่ยวขอ้งกบั

โครงการวิจยั ท่านสามารถติดต่อกบัผูท้  าวิจยัคือ นางสาวจุฑารัตน์ ถนอมพุดซา ไดต้ลอด 24 ชัว่โมง  ที่เบอร์ 085-

2245432 

ค่าใช้จ่ายของท่านในการเข้าร่วมการวิจัย 

 เสียค่าใชจ่้ายในการตรวจหารอยโรคของหลอดเลือดตามสิทธิของท่าน 

การเข้าร่วมและการส้ินสุดการเข้าร่วมโครงการวิจัย 

 การเขา้ร่วมในโครงการวิจยัคร้ังน้ีเป็นไปโดยความสมคัรใจ หากท่านไม่สมคัรใจจะเขา้ร่วมการศึกษา

แลว้ ท่านสามารถถอนตวัไดต้ลอดเวลา การขอถอนตวัออกจากโครงการวิจยัจะไม่มีผลต่อการดูแลรักษาโรคของ

ท่านแต่อยา่งใดผูท้  าวิจยัอาจถอนท่านออกจากการเขา้ร่วมการวิจยั เพื่อเหตุผลดา้นความปลอดภยัของท่าน หรือเม่ือ

ผูส้นบัสนุนการวิจยัยติุการด าเนินงานวิจยั หรือ ในกรณีดงัต่อไปน้ี 

  -      ท่านไม่สามารถปฏิบติัตามค าแนะน าของผูท้  าวิจยั 

- ท่านตั้งครรภร์ะหว่างท่ีเขา้ร่วมโครงการวิจยั 

- ท่านเกิดอาการขา้งเคียง หรือความผิดปกติของผลทางหอ้งปฏิบติัการซ่ึงอาจมีผลต่อการแพส้ารทึบ

รังสีได ้และไม่สามารถตรวจได ้

- ท่านแพส้ารทึบรังสีที่ใชใ้นการตรวจ 

- ท่านตอ้งการปรับเปลี่ยนการตรวจดว้ยวิธีอื่น 
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การปกป้องรักษาข้อมูลความลับของผู้ป่วย 

ขอ้มูลที่อาจน าไปสู่การเปิดเผยตวัท่าน จะไดรั้บการปกปิดและจะไม่เปิดเผยแก่สาธารณชน ในกรณีที่

ผลการวิจยัไดรั้บการตีพิมพ ์ช่ือและที่อยูข่องท่านจะตอ้งไดรั้บการปกปิดอยูเ่สมอ โดยจะใชเ้ฉพาะรหสัประจ า

โครงการวิจยัของท่าน 

 จากการลงนามยนิยอมของท่านผูท้  าวิจยั และผูส้นบัสนุนการวิจยัสามารถเขา้ไปตรวจสอบบนัทึกขอ้มูล

ทางการแพทยข์องท่านไดแ้มจ้ะส้ินสุดโครงการวิจยัแลว้กต็าม หากท่านตอ้งการยกเลิกการใหสิ้ทธ์ิดงักล่าว ท่าน

สามารถแจง้ หรือเขียนบนัทึกขอยกเลิกการใหค้  ายนิยอม โดยส่งไปที่ นางสาว จุฑารัต น์ ถนอมพุดซา 943 รพ.

พญาไท 2 ถนนพหลโยธิน แขวงสามเสนใน เขตพญาไท กรุงเทพฯ 10400 และท่านสามารถติดต่อผูว้ิจยัได ้ 24 

ชัว่โมงท่ีหมายเลข 085-2245432 

 หากท่านขอยกเลิกการใหค้  ายนิยอมหลงัจากที่ท่านไดเ้ขา้ร่วมโครงการวิจยัแลว้ ขอ้มูลส่วนตวัของท่าน

จะไม่ถูกบนัทึกเพิ่มเติม อยา่งไรกต็ามขอ้มูลอื่น ๆ ของท่านอาจถูกน ามาใชเ้พื่อประเมินผลการวิจยั  และท่านจะไม่

สามารถกลบัมาเขา้ร่วมในโครงการน้ีไดอ้ีก ทั้งน้ีเน่ืองจากขอ้มูลของท่านท่ีจ าเป็นส าหรับใชเ้พื่อการวิจยัไม่ไดถู้ก

บนัทึก  จากการลงนามยนิยอมของท่านแพทยผ์ูท้  าวิจยัสามารถบอกรายละเอียดข องท่านที่เกี่ยวกบัการเขา้ร่วม

โครงการวิจยัน้ีใหแ้ก่แพทยผ์ูรั้กษาท่านได ้

สิทธ์ิของผู้เข้าร่วมในโครงการวิจัย ในฐานะท่ีท่านเป็นผูเ้ขา้ร่วมในโครงการวิจยั ท่านจะมีสิทธ์ิดงัต่อไปน้ี 

1. ท่านจะไดรั้บทราบถึงลกัษณะและวตัถุประสงคข์องการวิจยัในคร้ังน้ี 

2. ท่านจะไดรั้บการอธิบายเกี่ยวกบัระเบียบวิธีการของการวิจยัทางการแพทย ์รวมทั้งยาและอุปกรณ์ท่ีใชใ้น

การวิจยัคร้ังน้ี 

3. ท่านจะไดรั้บการอธิบายถึงความเส่ียงและความไม่สบายที่จะไดรั้บจากการวิจยั 

4. ท่านจะไดรั้บการอธิบายถึงประโยชน์ที่ท่านอาจจะไดรั้บจากการวิจยั 

5. ท่านจะไดรั้บการเปิดเผยถึงทางเลื อกในการรักษาดว้ยวิธีอื่น ยา หรืออุปกรณ์ซ่ึงมีผลดีต่อท่านรวมทั้ง

ประโยชน์และความเส่ียงท่ีท่านอาจไดรั้บ 

6. ท่านจะไดรั้บทราบแนวทางในการรักษา ในกรณีที่พบโรคแทรกซ้อนภายหลงัการเขา้ร่วมใน

โครงการวิจยั 

7. ท่านจะมีโอกาสไดซ้ักถามเกี่ยวกบังานวิจยัหรือขั้นตอนท่ีเกี่ยวขอ้งกบังานวิจยั 

8. ท่านจะไดรั้บทราบว่าการยนิยอมเขา้ร่วมในโครงการวิจยัน้ี ท่านสามารถขอถอนตวัจากโครงการเม่ือไร

กไ็ด ้โดยผูเ้ขา้ร่วมในโครงการวิจยัสามารถขอถอนตวัจากโครงการโดยไม่ไดรั้บผลกระทบใด ๆ ทั้งส้ิน 

9. ท่านจะไดรั้บส าเนาเอกสารใบยนิยอมท่ีมีทั้งลายเซ็นและวนัท่ี 
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10. ท่านจะไดโ้อกาสในการตดัสินใจว่าจะเขา้ร่วมในโครงการวิจยัหรือไม่กไ็ด ้โดยปราศจากการใชอ้ิทธิพล

บงัคบัข่มขู่ หรือการหลอกลวง 

หากท่านไม่ไดรั้บการชดเชยอนัควรต่อการบาดเจ็บหรือเจ็บป่วยท่ีเกิดข้ึนโดยตรงจากการวิจยั  หรือท่าน

ไม่ไดรั้บการปฏิบติัตามที่ปรากฏในเอกสารขอ้มูลค าอธิบายส าหรับผูเ้ขา้ร่วมในการวิจยั ท่านสามารถร้องเรียนได้

ท่ี คณะกรรมการจริยธรรมการวิจยั คณะแพทยศาสตร์ จุฬาลงกรณ์มหาวิทยาลยั  ตึกอานนัทมหิดลชั้น 3  

โรงพยาบาลจุฬาลงกรณ์ ถนนพระราม 4 ปทุมวนั กรุงเทพฯ 10330  โทร 0-2256-4455 ต่อ 14, 15 ในเวลาราชการ 

ขอขอบคุณในการร่วมมือของท่านมา  ณ  

โอกาสน้ี 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



72 
 

Study No………………                        ใบยนิยอมเข้าร่วมการวิจัย (Consent Form) 

การวิจยัเร่ือง ปริมาณรังสีและคุณภาพของภาพในการตรวจหลอดเลือดโคโรนารี จากเคร่ือง คอมพิว เตด็โท

โมกราฟฟี ชนิด 320 หวัวดั 

วนัใหค้  ายนิยอม  วนัที่..............เดือน........................................พ.ศ. .............. 

ขา้พเจา้ นาย/นาง/นางสาว.....................................ที่อยู.่...........................................................................

ไดอ้่านรายละเอียดจากเอกสารขอ้มูลส าหรับผูเ้ขา้ร่วมโครงการวิจยัวิจยัที่แนบมาฉบบัวนัที่................................... 

และขา้พเจา้ยนิยอมเขา้ร่วมโครงการวิจยัโดยสมคัรใจ 

            ขา้พเจา้ไดรั้บส าเนาเอกสารแสดงความยนิยอมเขา้ร่วมในโครงการวิจยัที่ขา้พเจา้ไดล้ งนาม และ วนัที่ 

พร้อมดว้ยเอกสารขอ้มูลส าหรับผูเ้ขา้ร่วมโครงการวิจยั ทั้งน้ีก่อนท่ีจะลงนามในใบยนิยอมใหท้  าการวิจยัน้ี ขา้พเจา้

ไดรั้บการอธิบายจากผูว้ิจยัถึงวตัถุประสงคข์องการวิจยั ระยะเวลาของการท าวิจยั วิธีการวิจยั อนัตราย หรืออาการ

ท่ีอาจเกิดข้ึนจากการวิจยั หรือจากยาที่ใช ้รวมทั้งประโยชน์ท่ีจะเกิดข้ึนจากการวิจยั  และแนวทางรักษาโดยวิธีอื่น

อยา่งละเอียด ขา้พเจา้มีเวลาและโอกาสเพียงพอในการซักถามขอ้สงสัยจนมีความเขา้ใจอยา่งดีแลว้ โดยผูว้ิจยัได้

ตอบค าถามต่าง ๆ ดว้ยความเตม็ใจไม่ปิดบงัซ่อนเร้นจนขา้พเจา้พอใจ  ขา้พเจา้มีสิทธิ ที่จะบอกเลิกเขา้ร่วมใน

โครงการวิจยัเม่ือใดกไ็ด ้โดยไม่จ าเป็นตอ้งแจง้เหตุผล และการบอกเลิกการเขา้ร่วมการวิจยัน้ี จะไม่มีผลต่อการ

รักษาโรคหรือสิทธิอื่น ๆ ที่ขา้พเจา้จะพึงไดรั้บต่อไป ผูว้ิจยัรับรองว่าจะเกบ็ขอ้มูลส่วนตวัของขา้พเจา้เป็นความลบั 

และจะเปิดเผยไดเ้ฉพาะเม่ือไดรั้บการยนิยอมจากขา้พเจา้เท่านั้น บุคคลอื่นในนามของบริษทัผูส้นบัสนุนการวิจยั 

คณะกรรมการพิจารณาจริยธรรมการวิจยัในคน ส านกังานคณะกรรมการอาหารและยาอาจไดรั้บอนุญาตใหเ้ขา้มา

ตรวจและประมวลขอ้มูลของผูเ้ขา้ร่วมวิจยั ทั้งน้ีจะตอ้งกระท าไปเพื่อวตัถุประสงคเ์พื่อตรวจสอบความถูกตอ้งของ

ขอ้มูลเท่านั้น โดยการตกลงท่ีจะเขา้ร่วมการศึกษาน้ีขา้พเจา้ไดใ้หค้  ายนิยอมท่ีจะใหมี้การตรวจสอบขอ้มูลประวติั

ทางการแพทยข์องผูเ้ขา้ร่วมวิจยัได ้

 ผูว้ิจยัรับรองว่าจะไม่มีการเกบ็ขอ้มูลใด ๆ ของผูเ้ขา้ร่วมวิจยั เพิ่มเติม หลงัจากท่ีขา้พเจา้ขอยกเลิก การเขา้

ร่วมโครงการวิจยัและตอ้งการใหท้  าลายเอกสารและ/หรือ ตวัอยา่งท่ีใชต้รวจสอบทั้งหมดท่ีสามารถสืบคน้ถึงตวั

ขา้พเจา้ไดข้า้พเจา้เขา้ใจว่า  ขา้พเจา้มีสิทธ์ิที่จะตรวจสอบหรือแกไ้ขขอ้มูลส่วนตวัของขา้พเจา้และสามารถยกเลิก

การใหสิ้ทธิในการใชข้อ้มูลส่วนตวัของขา้พเจา้ได ้โดยตอ้งแจง้ใหผู้ว้ิจยัรับทราบ ขา้พเจา้ไดต้ระหนกัว่าขอ้มูลใน

การวิจยัรวมถึงขอ้มูลทางการแพทยข์องขา้พเจา้ที่ไม่มีการเปิดเผยช่ือ จะผ่านกระบวนการต่าง ๆ เช่น การเกบ็ขอ้มูล 

การบนัทึกขอ้มูลในแบบบนัทึกและในคอมพิวเตอร์ การตรวจสอบ การวิเคราะห์ และการรายงานขอ้มูลเพื่ อ

วตัถุประสงคท์างวิชาการ รวมทั้งการใชข้อ้มูลทางการแพทยใ์นอนาคตหรือการวิจยัทางดา้นเภสัชภณัฑ ์เท่านั้น  

 ขา้พเจา้ไดอ้่านขอ้ความขา้งตน้และมีความเขา้ใจดีทุกประการแลว้ ยนิดีเขา้ร่วมในการวิจยัดว้ยความเตม็

ใจ จึงไดล้งนามในเอกสารแสดงความยนิยอมน้ี  
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                             ลงนาม..................................................................................ผูใ้หค้วามยนิยอม 

                                       (....................................................................................)  

                                  วนัที่ ................เดือน....................................พ.ศ. ................... 

ขา้พเจา้รังสีแพทยผ์ูว้ินิจฉัยโรคหลอดเลือดโคโรนารี  ดว้ยเคร่ืองเอกซเรยค์อมพิวเตอร์ชนิด 320 หวัวดั 

ไดรั้บทราบจากผูท้  าวิจยัถึงวตัถุประสงคข์องการวิจยั วิธีการวิจยั และอุปกรณ์ท่ีใช ้รวมทั้งประโยชน์ท่ีจะเกิดข้ึน

จากการวิจยัอยา่งละเอียด ซ่ึงอุปกรณ์ชนิดน้ีจะไม่รบกวนหรือเป็นอุปสรรค ในขณะท าหตัถการการตรวจแต่อยา่ง

ใด 

                                                                                    ลงนาม ..................................................................รังสีแพทย ์

                                                                   (..................................................................)  

                                                                     วนัที่ ......เดือน......................พ.ศ. ......... 

ลงนาม.........................................................ผูท้  าวิจยั        ลงนาม.....................................................................พยาน 

    (.............................................. ................)                         (...........................................................) 

          วนัที่ .......เดือน......................พ.ศ. .........                                   วนัที่ .......เดือน......................พ.ศ. ......... 
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