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frequently used in recent years. The m c fie Id strength is a factor affecting the image
quality, spatlal resolution, signal to trast to noise ratio and the efficiency to
reduce noise. According to the cest of syse of magnet, cost of maintenance and
several examinations, these items are c01_1|;|der ecting MRI system. For these reasons,
Open MRI has been aplwlrselect by spital with limited budget in purchasing
MRI system. Thus, the of#hisStudy is to assoss ¢ feasibility in optimization protocols
of MRCP imaging acg Rl 0.4 Tesla (Open) and the factors affecting the image
gsla n'comparisen to 3.0 Tesla.
The pancrean : L ade o‘f g._lastic tube with internal diameter of 2.0 mm was
used to determine FWHM (spatiz
The improved spatial rés ol C¢ !dlﬁé 0 geﬂ When the slice thickness on 2D image were
set at 20 and 30 mm, 280mm FQ 2 eftplwi'e encoding at 288. For 3D images,
) ai 3 mm slice thickness, 300 mm FOV and

Magnetic resonance imaging';g*at high field strength has become more and more

ding, j \
The syringe with internal éﬁﬁdéter" e 16 nésas used to evaluate the SNR, CNR and
image noise. For 2D images, the‘fnﬂhest NR ant with the lowest noise were obtained
at 50 mm slice thickness, 320 mm FOV, the number of phase encoding at 288, TR 6,000 ms,
the NSA at 4. For 3D images, The“ﬁlﬂaest« SNR and ©NR with the lowest noise were obtained
ata 5 mm slice tiuc@ss, 320 mm FOV, 288 number of pk > ¢gncoding and NSA at 5.

The quantitatr alitative 1 performed for both phantom
and ten healthy voluriteg i ination. The normal subjects
were 2 female and 8 ale with the age range from 253‘-_‘9!7 years (mean 34.7 years). The
quantitative assessment was assessed from spatlal resolution and signal intensity (FWHM,

SNR and CN d qualitative assessmen ne radiologist with experience over ten years
was perfomﬁ)‘mﬂg(grnlﬁ ﬂﬁ‘b %&%ﬁzﬁr biliary systems with 2
readings. Th ssed for consistency or
reprodumblhty i!l“quahtatwe meas ag:ents The results of quantitative study of MRCP image

m ph -valu840 05) than
li age a lmpnovement than
0 4 T vafue ) excep D imaging (p-value S owmg no mgmf'cantiy different

between 0.4 and 3.0 T. The lowest ICC (0.61) is on 2D lmagc 0.4 T and the highest is on 3D
image of 3.0 T. Therefore, the overall MRCP imaging at 0.4 T (Open) with optimal protocols
could be beneficial in adding up the confidence at 3D images.
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CHAPTER I
INTRODUCTION

1.1 Background and Rationale

Magnetic resonance imaging (MRI) at field strength of 3.0 Tesla has become
more and more frequently use in recent years. An increasing number of 3.0 Tesla MRI
system for clinical imaging replaces 1.5 Tesla and lower field strength system using in
the past.

MRI has been classified by magnet field strength, but is now classified in two
streams-high magnetic fields MRI and Open MRI. As MRI is excellent in tissue-
contrast, its imaging objects include in additionto cerebral spine area and orthopedics
area as well as circulating-ergans of cardiovaseularsystem recently, thus expanding to
whole body. Flow of inspection.- by leaving established diagnosis to MRI is becoming
standard [1].

In selecting an MR Lsystem, the cost of system, cost of maintenance and cases for
examination are considergd. Open MRI has shown a rapid expansion in USA since
1995 and on. The major reasons arex-firstly, there are many big patients who cannot
enter the tunnel type MRIysegondly, increasing number of claustrophobia patients, the
need for more comfortale, less anxious for MR1 examination in addition, application
approach to therapy of lesions by-interventional MRI including MRI guided biopsy
and therapy [1]. For these reasons, Open MRI is appropriately selected in purchasing
MRI system. ‘

Magnetic resonance cholangiopancreatagraphy (MRCP) is increasingly reliable in
the evaluation of biliary pathology, pancreatic disorders and anatomical variations of
the biliary tree (Figure 1.1) lts main advantage over. conventional endoscopic
retrograde cholangiepancreatography (ERCP) is that it is a non-invasive imaging
modality [2]. Recent studies reported a high accuracy in depicting choledocholithiasis
and other causes of bitiary and pancreatic duct obstruction, with a good correlation
with the results of ERCP and percutaneous; trans-hepatic cholangiography (PTC) [5-
6].

Figure 1.1 The MRCP imaging



The spatial and contrast resolutions of MRCP imaging are important for detecting
small pathologies, such as small stones and mural nodules in pancreatic cystic lesions,
and evaluating anatomy, such as the biliary tree in a normal liver donor population.
Image quality in MRI of the abdomen has been improved by recent technical
developments, such as a more powerful gradient system, receiver coils, and the use of
parallel-imaging and respiratory-monitoring techniques [3]. Despite these technical
improvements, however, the quality of MRCP imaging for evaluating small changes
and anatomy remains limited at low field strength because of its poorer spatial
resolution and signal-to-noise ratio (SNR).

MRCP image quality was compared for low and high field strengths (1.0-3.0 T)
with different acquisition modalities. Both breath-hold and non-breath-hold sequences
were reported in the literatures, with sitatlar _different results [2-4]. But to our
knowledge, there has been no previous,published in comparing MRCP between 0.4
Tesla and 3.0 Tesla.

Thus, the aim of this'Study 1sto assess the feasibility optimization MRCP imaging
acquired by MRI 0.4 _¥esla’ (Open) -and to compare the obtained MRCP image
acquired by the optimizedsprotogolwith the image from 3.0 Tesla.

- -
I“ 4

4

d

1.2 Research Objectives

1.2.1) To determine the optlmal profocols of MRCP imaging acquired by MRI
0.4 Tesla (Open) and compare image qualltﬂvﬂe‘n MRI 3.0 Tesla.

1.2.2) To study the image quality (spattai Tesolutlon and SNR) in phantom for
MRI 0.4 Tesla (Open) and 3.0 Tesla.




CHAPTER II
REVIEW OF RELATED LITERATURES

2.1 Theory
2.1.1 The introduction of MRI [7]

Magnetic resonance imaging (MRI) has been well established as both a
diagnostic and research tool in many areas of medicine because of its ability to
provide excellent soft-tissue delineation of different areas of interest. For example, the
brain, T1- and T2-weighted MR imaging has evolved to be the standard of reference
for anatomic definition. These sequences derive image contrast from the spin density
in water and fat and from the MR relaxation parameters T1 and T2. Unfortunately, the
water and fat spin densities vield only limited information and present difficulty in
separating adipose tissue*from.-non adipose tissue unless fat saturation is employed.
These relaxation parameiers gan-be used in a wide variety of T1- and T2-weighted
sequences to optimize eontrast ‘for Specific diagnostic purposes. T2 provides
information about edema within the brain.

Altering the MR image contrast with an intravascular contrast agent typically
reveals physiologic changes in ftisste that are relevant to disease processes. For
example, contrast agents;sugh as gadolinium, administered to the bloodstream create
more contrast in highly vascular regions and are retained in regions where the
permeability of the interstitial” space has changed. These types of changes in
vascularity or tissue permeability‘occur insa variety of diseased tissues, such as
malignant tumors and myocardial ischemia. -

MR imaging plays an increasingly important role in diagnostic imaging of
different pathologic_disorders,-where the goal is developing radiological imaging
markers for noninvasive prediction of disease and response. fo treatment. For example,
MR imaging used i oncologic imaging consists of anatomic T1 and T2-weighted
sequences, dynamic centrast material enhancement or MR spectroscopy in the brain,
breast and prostate.. .Dynamic contrast enhancement with gadolinium vyields
information on the vascular status of a lesion, and MR spectroscopy probes the
intracellular (e-g: eholine, creatine), environment; of tissue~When these sequences are
combined, they can.assist the physician in. making the diagnosis or monitoring the
treatment regimen.

One of the major advantages of the MR 4imaging is the ability to manipulate
image eontrest with a variety, of selectable parameters affecting the quality of the
information provided. Therefore, this'study ‘reviews the elements used to obtain MR
images and the factors affected the MR image specifically, instrumentation,
localization of the MR signal, gradients, k-space, and pulse sequences as well as
emerging applications in high-field-strength MR imaging.

2.1.2 MR Instrumentation

MR images require a sophisticated combination of electronics, radiofrequency
(RF) generators, coils, and gradients that interface with a computer for
communication between different electronics. This combination of equipment allows
localization, excitation, and acquisition of a specific tissue of interest and formation of



a digital image. There are two parts of equipment combined to form the MR system.
The first part is the command and control center, that is, the computer, interface, and
data storage. The second part is specialized equipment that generates and receives the
MR signal, that is, the magnet, gradients, and RF coils (Figure 2.1).

SHIELD]

2.1.3 Magne

The magnet gf.%r agnetic field in which the patient or
object is placed, and it

field strength, stability, 0 ogeﬂélty

used in MR imaging: permanent, ’re's;stlvg

——

(2) Permanent Magnets™ - - {_‘F!?J,

Permanent magnets expleﬂfthe ferr’snﬁghetlc propertles of the metal used (e.g.
iron, nickel, or other lnetals) They are configure tly from superconducting
magnet (Figure 2. 2. ]Ejleld (BO) of a permanent
magnet is perpendicula to the object of in rtical magnetic field) that runs
between the two magnetic poles (Figure 2.2 (A)). Early permanent magnets are very
heavy of 5-100 tons. However, newer versions are lighter and are sometimes used for
limited clinic 2.3). Advantages of
permanent m%ﬁug}h tmf&;m ﬁﬁgq(ﬁ)ﬁr to run and thus are
lower cost than? ' other magnets. However they cannot be turned off in emergencies
and have less f|eldhomogene|t :

i
Horizontal magnetic field system

Receiving

q Magnetic field direction
i direction Superconductive cotl

Saddle type_
Pole piece receiving coil

Sensitivity distribution Sensitivity distribution
Sel

of solenoid coil

sitivity of solenoid coil ensitivity
T High E Lov
% ;
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Figure 2.3 Open MRI magnet (Aperto pfresentation, Hitachi Company)

Open MRI system is much more patient friendly than restricted tunnels of
super conducting systems, offering the possibility of MRI-guide interventional
procedures, because the physieian is able {0 access to the patient during scanning.
Open MRI systems are _based<on either permanent or iron-cored electromagnet
designs. "1

(B) Resistive Magnets ek ¥

When an electric gurrent flows th'yough a wire, the magnetic field is induced
around the wire, this principle is used for construction of a resistive magnet. Resistive
magnets require cooling and power to operate but can be turned off and on. Their field
strengths range from 0.1/T t9'0.3 T with the disadvantages of poor homogeneity and
high electrical costs. Also, the object of interest lies perpendicular to the BO field, and
the usual application is similar-to- that of @Lfﬁanent magnets in the “open magnet”
configuration. =

- 2T

(C) Supe rcohﬂuetingMagnets— 5:.

Superconductmg magnets are based on the pr|n0|ple of cooling down to 4°K
for certain metal conductors so that there is little or no resistance; therefore, a high
electric current can be usedsto generate high magnetic field strength with no major
heat disposition.. However, inorder to ‘achieve small electrical resistance, expensive
cooling cryogens, usually liquid helium are*used. Currently, most clinical systems use
superconducting magnets with field strengths of 0.5-3.0 T; most field strengths on the
order of, 1:5+3.0 /T; Research magnets ¢(clinicaly ar rexperimental) can have field
strengths of 4.0-94T.

2.1.4 Field Strength

The field strength of an MR system is a major determinant of the image
contrast due to the energy exchange between the protons (water) and their
environments. These interactions are governed by the magnetic moments of the
protons, in particular the longitudinal relaxation parameter T1. The time required for
complete relaxation differs for different field strengths; for example, the T1 is shorter
at lower field strengths and tends to increase at higher field strengths. These changes
affect both the signal and contrast-to-noise ratios of MR images. The units of field



strength of an MR system are tesla or gauss which 1 T equals to 10,000 G. The range
of magnetic field strength is variable, from low (0.1- 0.5 T), medium (0.5-1.0 T),
high (1.5 T) to ultrahigh (3.0 T or greater). Although there have been vast
technological advances in MR imaging over the past 40 years, the principle for
advancing the MR imaging technology has been based on finding ways to increase
signal to noise ratio (SNR) in the MR image or spectra. The most fundamental
approach to boosting SNR is to increase the field strength of the MR magnets. As a
result, human MR imaging is currently performed at field strengths 4 T, 7 T, 8 T, and
94T.

2.1.5 Tissue Contrast [8]

All MR images are of some degreg aifected by each of the parameters that
determine tissue contrast sueh.as T1, T2, protoa-density and the TR and TE can be
adjusted to emphasize a particular type of contrast. This may be done, for example,
with T1 weighting. Table 2.1 describes the parameters used to obtain images with T1,
T2, and proton-density weighung: T1-weighted images best depict the anatomy, and if
contrast material is usedy they also may show pathologic entities; however, T2-
weighted images prowvide the best depiction of disease, because most tissues involved
in a pathologic processshave a higher Water content than in normal, and the fluid
causes the affected aréas to appear bright on T2- weighted images. Proton-density
weighted MR images usually depictboth the anatomy and the disease entity. Table
2.2 shows typical TR and TE wvalues that may be used to achieve different weighting
with Spin echo (SE) and Gradient echo (GR'[E) sequences.

Table 2.1 Effect of TR and TE:gh MR Image Contrast

Imaging Technigue TR o TE
T1 weighting Short Short
T2 weighting Long Long
Proton-density weighting Long Short

Table 2.2 Typical TR and TE Values for Sk and GRE Sequences

Sequence TR (ms) TE (ms)
Short Long Short Long
SE 250-700 >2000 10-25 >60
GRE <50 >100 1-5 >10

2.1.6 Image characteristics [9]
(A) Tissue Characteristics

For the imaging process, three tissue characteristics: PD, T1, and T2 are used
to show valuable information about the tissues. These characteristics become visible
because each one has an effect on the level of magnetization present at the picture
snapping time in each imaging cycle.



PD (Proton Density): PD has a very direct effect on tissue magnetization, the
resulting RF signal and image brightness. That is because the magnetization is
produced by the protons. Therefore, a tissue with a high PD can reach a high level of
magnetization and produce an intense signal.

T1: When the imaging protocol is set to produce a T1-weighted image, it is
the tissues with the short T1 values that produce the highest magnetization and
brightness on the image.

T2: When the imaging protocol is set to produce a T2-weighted image, it is
the tissues with the long T2 values that produce the highest brightness, because of the
higher level of magnetization at the picture snapping time.

(B) Spatial Characteristics

Figure 2.4 illustrates the basic spatial characteristics of the MR image. MRI is
basically a tomographicamaging process, although there are some procedures, such as
angiography, in which a.complete anatomical volume will be displayed in a single
image. The protocol=for the sacquisition, process must be set up to produce the
appropriate spatial characteristics fora specific clinical procedure. This includes the
number of slices, slice‘orientation, and the structure within each individual slice.

Slices: A typical examination consists of at least one set of contiguous slices.
In most cases the entire set of slices is acqui'red simultaneously. However, the number
of slices in a set can be limited by certain- lmaglng factors and the amount of time
allocated to the acquisition proeess: 2

The slices can be oriented in thuaﬂy any plane through the patient’s body.
The major restriction is. that tmages .in the different planes cannot generally be
acquired simultaneoqusly. For example, if both axial and Sagittal images are required,
the acquisition procéss must be repeated. However, ‘there is the possibility of
acquiring 3-D data from a large volume of tissue and then reconstructing slices in the
different planes.

Voxels:Eaghyslice of tissuesis subdivided into.rewssand columns of individual
volume elements, or voxels. The size of a voxel has a significant effect on image
quality. It is controlled by a combination of protocol factors and should be adjusted to
an optimum_size for each type of clinical examination, Each voxel'is an independent
source @f RF signalg.“That is why voxel size is a_majar eaonsideration in each image
acquisition.

Image Pixels: The image is also divided into rows and columns of picture
elements, or pixels. In general, an image pixel represents a corresponding voxel of
tissue within the slice. The brightness of an image pixel is determined by the intensity
of the RF signal emitted by the tissue voxel.
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Figure 2.4 The spatial characteristics of MR images [9].

2.1.7 Image Quality Characterleﬂcs

The MRI system has tremendous been controlled over the characteristics and
the quality of the images ‘that- are produced. The five basic image quality
characteristics are spatial, detail, ‘contrast sensitivity, noise and image artifact as
shown in Figure 2.5. Each of these fmage charafgterlstlcs is affected by a combination
of the imaging factors that make up the acquismon protocol.

J.>-¢

MAGNETIC RESONAMCE WAAGE

(= QUALITY CHARACTERISTICS
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I Imaging Protol:ol I

Factors

Figure 2.5 Image quality characteristics controlled by the selection of protocol
parameters [9].

Not all types of clinical procedures require images with the same
characteristics. Therefore, the primary objective is to use an imaging protocol in
which the acquisition process is optimized for a specific clinical requirement.



Contrast Sensitivity: Contrast sensitivity is the ability of an imaging process
to produce an image of objects or tissues in the body that have relatively small
physical differences or inherent contrast. The contrast that is to be imaged is in the
form of some specific physical characteristic. In x-ray imaging, including CT
(computed tomography), difference in physical density is a principle source of
contrast. One of the major advantages of MRI is a high contrast sensitivity for
visualizing differences among the tissues in the body because there are several
sources of contrast; that is, it has the ability to image a variety of characteristics (PD,
T1, T2). Also, there is usually much greater variation among these characteristics
than among the tissue density values that are the source of contrast for x-ray
imaging. If a certain pathologic condition does not produce a visible change in one
characteristic, there is the possibility that/ig"will be visible by imaging some of the
other characteristics.

Even though MRI has high contrast-sensitivity relative to the other imaging
modalities, it must be optimized for each clinical procedure. This includes the
selection of the characteristicsy0i-Sources of contrast, that are to be imaged and then
adjusting the protocol _factors<so that the sensitivity to that specific characteristic is
optimized. This is illustraied in"Figure 2.6.

CONTRAST
- SENSITIVITY,

OP*MZED FOR:
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r Densnty A
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Figure 2.6 Thelimages producedywhemthecontrastisensitivity-is optimized for
each of the three specific tissue characteristics [9].

Detail: A distinguished. characteristic of every.imaging modality is its ability
to image small objects, and structures within the body. Misibility. 'of anatomical detail
(sometimes referred to as spatial resolution) is limited by the blurring that occurs
during the imaging process. All medical imaging methods produce images with some
blurring but not to the same extent. The blurring in MRI is greater than in
radiography.

In MRI, like all modalities, the amount of blurring and the resulting visibility
of detail can be adjusted during the imaging process. Figure 2.7 shows images with
different levels of blurring and visibility of detail.
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Figure 2.7 Images with different levels of blurring and visibility of anatomical detail

[9].

Noise: Visual noise is-amajor issue in MRI. The presence of noise in an image
reduces its quality, espeCially by limiting the visibility of low contrast objects and
differences among tissues! Figure 2.8 shows the images with different levels of visual
noise. Most of the noise in¥MR images is the result of random, unwanted RF energy
picked up from the patient’s body. The amount of noise can generally be controlled
through a combination .of /factors/ However, many of these factors involve
compromises with other €haracteristics.

Figure 2.8 Images with different’levels of visualtnoise [9].

Artifacts: Artifacts are undesirable objects, such.as streaks and spots appear
in images which do net directly.represent/an anatomical structure. They are usually
produced by certain interactions of the patient’s body or body functions (such as
motion) with the imaging process. There is a selection of techniques that can be used
to reduce the presence of artifacts.

Spatial: The general spatial characteristics of the MR image were described
previously. However, when setting up an imaging protocol the spatial characteristics
must be considered in the general context of image quality. The voxel size plays a
major role in determining both image detail and image noise.
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2.1.8 MRI image quality

An MR exploration is a compromise between scan time and image quality. An
MR exploration protocol and its sequence parameters will be optimized in function of
the organs and pathology.

The MR image quality depends on several factors:

Spatial resolution and image contrast
Signal to noise ratio (SNR)
contrast to noise ratio (CNR)

s

. resolut

onds to the size of the smallest

mhlgher the potential spatial
slice ss, FOV and matrix size as

Spatial resolution:.
detectable detail. The
resolution. Voxel size«
shown in figure 2.9.

Figure 2.9 The reﬁ(idﬁ's i N size with matrix size and slice
hickness (understandlng MRI: Philips).
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As FOV increases the SNR is improved. The area depicted in a pixel is
enlarged and the proton contained in the area increases causing the signals increase as
in figure 2.10.
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Figure 2.10 Difference of pixel.size due to difference of FOV, in case of the number
of frequency 256 and phase.256:

As frequency.encoding or phase. encoding increases the spatial resolution is
improved. As frequency.enceding or phase encoding decreases the SNR is improved
because the pixel size'becomes large and signal intensity increases, but the impact of
partial volume effect increases also as in figure 2.11.

Phase encoding
direction

4x4 4X3

v

Frequency enceding direction

Figure 2.11 The relationship between number of matrix in the frequency and phase
encoding

The spatial; resolution in, MR} .could be measured as the full width at half
maximum (FWHM). The technical term FWHM is used to describe a measurement of
the width of an object in a picture, when that object does not have sharp edges. A
simple box can be described just by its width and a rectangle by its width and height.

It is a simple and well-defined number which can be used to compare the
quality of images obtained under different observing conditions. The FWHM gives a
good condition of spatial resolution in MRI the same as the modulation transfer
function (MTF) in CT [16]. The normalized FWHM is shown as in figure 2.12
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Figure 2.12 The normalized FWHM

Signal to noise ratio(SNR): The signal to noise ratio (SNR) is equal to the
ratio of the average signal intensity over the standard deviation or the noise. Noise is
like interferences which.pfesent as'in irregular granular pattern. This random variation
in signal intensity degrades image information. The main source of noise in the image
is the patient's body and the'MR scamner.~This noise corrupts the signal coming from
the transverse magnetization variations i,of the intentionally excited spins on the
selected slice plane. -;

The signal to noise ratio depends nol; only on MR scanner specifications, and
pulse sequence design but also, 6 factors: that the user can change, voxel size, the
number of signal average (NSA), numbgr_ ef phase encoding and the receiver
bandwidth which determined by the equatlon

\/NSAxNumber of phase.(y)

2D SNR o Sequeneexvoxely X — il ¢
fieldx reconstruction atgorithms ; where y is phase encoding in the y direction  (2)

xcoil typex magnetic

JNSAxNumber of phase (y,z)

3D SNR o Sequencexvoxelyy, X AT width xcoil typex magnetic
fieldx reconsttuction algorithms; =  where,y-and:z are phase encoding in y and z
direction 3

The fixed factors.are static field .intensSity, pulse sequence, design, tissue
characteristics and-.the, controllable factors are RE coil, sequence parameters, voxel
size, number of signal average, receiver bandwidth and reconstruction algorithms.

RF coil: The smaller the sensitive volume of a coil, the lower the noise from
the adjacent structures of the selected slice plane which it can detect, and the better
the signal to noise ratio will be. A local coil, or better, a surface coil has a higher
signal to noise ratio than a body coil.

Voxel size: The signal comes from the excited protons on the selected slice
plane. The number of spins in parallel state in excess is proportional to the static
magnetic field intensity. The larger the field intensity is, the higher the excess number
of spins in parallel state (available to make the MR signal) will be. Thus, the signal
intensity varies almost linearly with the main field intensity. Assuming a uniform
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proton density, the number of excited spins is proportional to the voxel size and so is
the signal intensity. The signal goes up linearly with the voxel size.

Number of signal averaging (NSA)

When the number of signal averaging for the same slice increases: The signal
is identical for each measure. The noise is random and is not the same for each
measure. Therefore, the signal sum goes up linearly with the number of excitations
but the noise only goes up with the square root of the number of excitations. In other
words, the average signal remains constant, but the average noise goes down with the
square root of the number of excitations. The signal to noise ratio goes up with the
square root of the number of excitations (Flgure 2. 13)

NSA=1 / ' NSA=2 NSA=4
Figure 2.13 Increasmg the NSA fhe SNI& |s ‘improved (understanding MRI: Philips)

Receiver bandW|dth leen a voxe] size and static field strength, the number
of excited spins is defined and so is the amount of MR signal. The readout of the MR
signal can take more or lesstime; dependlng the receiver bandwidth. The relation
between the receiver bandwidth'and the strej_lgt ' of the readout gradient is such that:

A broad bandwidth cerresponds to/a fas’f sampling of the MR signal and a
high-intensity readoungradlent A narrow bandwidth corresponds to a slow sampling
of the MR signal anda fow-intensity readout gradient (klnge 2.14).

Background noise has a constant intensity at all frequencies (white noise).
Therefore, the larger the receiver bandwidth is, the more noise is recorded (and the
higher is the readout gradient intensity and the faster the MR signal is sampled).
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Figure 2.14 The frequency bandwidth (kHz) of receiving signals.
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The SNR is inversely proportional to the square root of bandwidth.
Accordingly, when bandwidth is narrow, the noise component in an image decreases
to improve the SNR.

Magnetic field strength: Magnetic field strength influences the SNR of the
image by a factor of B'® to B'®. Thus, one would expect a three- to fivefold
improvement in SNR with a 1.5 T magnet over a 0.5 T magnet. Although the gains in
the SNR are real, other considerations mitigate the SNR improvement in the clinical
environment, including longer T1 relaxation times and greater RF absorption.

Image acquisition and reconstruction algorithms: Image acquisition and
reconstruction algorithms have a profeund effect on SNR. The various
acquisition/reconstruction metheds such as point acquisition methods, line acquisition
methods, two-dimensionalFourier transforin-—acquisition methods, and three-
dimensional Fourier transform.velume acquisition methods are to increase SNR. In
each of these techniques, thewolume of tissue that is excited is the major contributing
factor to improving the"SNR and image quality, Reconstruction filters and image
processing algorithms will also” affect the SNR. High-pass filtration methods that
increase edge definition will Geherally decrease the SNR, while low-pass filtration
methods that smooth the mage dat&W|H* generally increase the SNR at the cost of
reduced resolution. ”‘

Contrast to n0|se rratio, (CNR) Ihl.s is defined as difference in the SNR
between two adjacent argas. It is controue by same factors that affect SNR. The
figure 2.15 are illustrated the S|m|jle‘ mathe &lcal definition of SNR and CNR.

‘-J

Noise

Se

Figure 2.15 Definitions of contrast, signal o noise ratio, gantrast to noise ratio
(where, S is signal intensity) [16]

SNRA = SA s CNRAB = SA-SB (4)
Noise Noise

Artifact: Artifacts often corrupt MRI images. An image artifact is any feature
which appears in an image which is not present in the original imaged object. An
image artifact is sometime the result of improper operation of the imager, and other
times a consequence of natural processes or properties of the human body. It is



16

important to be familiar with the appearance of artifacts because artifacts can obscure,
and be mistaken for, pathology. Therefore, image artifacts can result in false negatives
and false positives. Artifacts are typically classified as to their source, and there are
dozens of image artifacts. The following table 2.3 shows type of artifact and the
cause.

Table 2.3 MRI image artifacts

Artifact Cause

RF Offset and | Failure of the RF detection circuitry

Quadrature Ghost

RF Noise Failure of the RF shielding

B, Inhomogeneity | Metal-ebject distorting the Bsfield

Gradient Failure in.amagnetic field gradient

Susceptibility Objects_an_~the, FOV with a higher or lower magnetic
suseeptibility

RF Failure ornermal operation of RE coil, and metal in the anatomy

Inhomogeneity s &

Motion Mowvementof the imaged object during the sequence

Flow Movement of body fluids during the sequence

Chemical Shift Large By and chemical shift difference between tissues

Partial Volume Largeyvoxel size 1l &

Wrap Around Improperly chosen field of view

Gibbs Ringing Small image mairix anaéh‘qrp signal discontinuities in an image

2.1.9 Protocol Optimization ¥

An optimuny imaging.-protocol is designed for the-balance among the image
quality characteristies‘and acquisition time. The imaging protocol used for a specific
clinical examination has a major impact on the quality of the image, the visibility of
anatomical structures and pathologic conditions.

Imagelacquisition’ Time: MR image ‘quality is affected by the time required
for the acquisition process. ‘in general, the detail' and noise carn be improved by using
longer acquisition times. In the basic acquisition_time required is TR multiplied by
matrix.size;inyphase-enecoding-direction and humber of signal.average:

Time = TRx phase encoding x NSA (5)

Matrix size: The matrix size and the FOV are the two factors that determine
voxel size in the plane of image. VVoxel size determines the amount of blurring and
image detail. Small voxel and minimum blurring required for good detail. If the
matrix size is reduced without changing the FOV, voxel size will be increased and
there will be reduction in image detail.

It is only the matrix size in the phase encoded direction that has an effect on
acquisition time. This matrix dimension determines the number of row of k-space that
must be filled.




17

Reduced matrix in phase-encoded direction: One approach to optimizing an
acquisition is to reduce the matrix size in phase encoded direction to a value that is
less than the matrix size in the frequency encoded direction. These selectable basic
matrix sizes are binary multiplies such as 128, 256, 512, and 1024. When basic matrix
size is selected, it is one of these values, with 256 being the most common for most
procedures. When the matrix size is reduced by some percentage in the phase encoded
direction, the computer fill in the unused row of k space with zeros to make the
reconstruction process work.

Rectangular field of view: Decrease matrix size without changing the FOV
does produce an increased voxel size. However, if the FOV can be reduced in phase
encoded direction, the voxel size will 'be decreased and image detail will be
maintained. The use of rectangular FOV is.a way.ef optimizing acquisition time and
image detail if a rectangular-FOV works fer the specific anatomical region that is
being image. By combining a reduced matrix size in phase encoded direction with a
rectangular FOV, acquisition.time can be reduced without affecting image quality.
This is one step in optimzing.a procedure.

Half acquisition: Fhis'method might be referred to by names such as half
scan and half Fourier. \When‘using the half acquisition method only the first half of k
space is filled directly. Then, the data that was acquired during the first half is
mathematically “flipped? and used to fill the second half of k space. This makes it
possible to fill all of“the rows, of k spaee in approximately half of the normal
acquisition time. The actual acquisition. time will be slightly more than half because
there must be some overlap in the data to make this process work. This is a method
that can be used to reduce acquisition time. However, it results in an increase in image
noise because the image is being formed with asmaller number of acquisition signals.

Signal averaging: The averaging is achieved by repeating the cycle several
times for each phase-encoding step. This process does not change the number of
phase-encoding step required. But it does increase the number of cycles in the
acquisition. For example if the NSA protocol factor is-set to 4. The cycle for each
phase encoding step is repeated four times_and the total acquisition time is increased
by a factor of 4;

Developing = an optimized protocol: An acquisition protocol can be rather
complex because of the large number of facters that must besadjusted and the
interaction of ‘many! of the factors with ‘different| image. quality. characteristics and
acquisition‘time." One approach to"develop a good protocol is'to address the specific
image characteristics in this order: Contrast sensitivity, Image detail, Spatial
Characteristics and methods, Image Noise and Artifact Reduction

2.1.10 Magnetic resonance cholangiopancreatography (MRCP)

Magnetic resonance cholangiopancreatography (MRCP) is a special type of
magnetic resonance imaging (MRI) that produces detailed images of the hepatobiliary
and pancreatic systems, including the liver, gallbladder, bile ducts, pancreas and
pancreatic duct. These may include tumors, stones, inflammation or infection. MRCP
is used to evaluate patients with pancreatitis to detect the underlying cause, help


http://www.radiologyinfo.org/en/glossary/glossary1.cfm?gid=774
http://www.radiologyinfo.org/en/glossary/glossary1.cfm?gid=189
http://www.radiologyinfo.org/en/glossary/glossary1.cfm?gid=775
http://www.radiologyinfo.org/en/glossary/glossary1.cfm?gid=777
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diagnose unexplained abdominal pain, and a less invasive alternative to endoscopic
retrograde cholangiopancreatography (ECRP). ERCP is a diagnostic procedure that
combines endoscopy, which uses an illuminated optical instrument to examine inside
the body, with radiographic- fluoroscopic system. Figure 2.16 shows the images of
MRCP (a) and the anatomical structure of biliary system (b).

Biliary System

left hepatic duct

_ pancreas
//>\
P

A
|

right hepatic
dgcl pat

v ,;*\
——4" stomach ;i/
1= /

e

i = ]
- " common hepatic

= 7 duot s

o/ panereatic duct

gallbladder

aystie duct \
eommon bile duct
duadsnum T—

—~

(@) (b)
Figure 2.16 The MRCP imaging (a), the anatomical strueture of biliary system (b)
Advantages and Disadvantages 6f MRCP [15]

MRCP is non-invasive procedure provided patients with adequately screened
for contraindications. In‘addition,. MRCP does net require radiation exposure,
intravenous contrast agents, or a highly skilled operator. MRCP is less expensive and
can be performed on an outpatient basis with an excellent inter-observer agreement.

Major disadvantages of MRCP compared to-ERCP.include: lack of immediate
therapeutic solution-and inability to obtain tissue for diagnosis, inability to provide
information about the rate of biliary drainage, a lower spatial resolution and lack of
distension by contrast-limits visualization of non-dilated peripheral bile ducts and
assessment of stricture morphology, claustrophobia and the inability to evaluate
patients with pacemakers-or_ferro-magnetic implants.

MRCRP Technigue

MRCP _technique_.is based on, heavily. T2-weighted..pulse sequences which
results &in dramati¢ “increase in contrast: between stationary fluids (bile) and
background (hepatic and pancreatic parenchyma, peritoneal fat). As a result, the bile
appears at very high signal intensity whereas the background at low. In addition, no
signal will come from flowing blood.

FSE sequence has been demonstrated very suitable for performing heavily T2-
weighted studies in the abdomen. As a result, it has become the technique of choice
for MRCP studies. Compared with GRE sequence, FSE has a higher SNR and CNR; a
lower sensitivity to susceptibility artifacts, very common when studying the biliary
tract (i.e., surgical clips, intestinal gas); a lower sensitivity to motion artifact and
blood flow. Moreover, FSE takes advantage of new techniques to improve the image
quality, such as gradient moment nulling, which reduces artifacts from periodic
motion, respiratory triggering, and fat-suppression technique, in order to improve the


http://www.radiologyinfo.org/en/glossary/glossary1.cfm?gid=458
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contrast between the bile ducts and the background. Typical pulse sequences and
imaging parameters for MRCP are provided in Table 2.4.

Table 2.4 Typical Imaging Parameters for various MRCP Acquisitions [15]

Localizer SSFSE SSFSE MRCP FRFSE 3D 2D
. . FSE
(HASTE) (HASTE) (Thick slice)
plane 3 plane Coronal Transverse Oblique, Coronal Trans
multiple
. . verse
orientations
Mode 2D 2D 2D 3D 2D
Pulse Seq. SEFS = SSFSE SSFSE FRFSE FSE
No. of 1 31
echoes
TE 180 ) 180 1s 500-600 | 150-
" 250
TR 3000 13000 3000 4000 4000
Optional Resp.trig. Resp.trig
Flip Angle - - - - -
Saturation Fat Fat
FOV 40 32-40 32-40 28-38 32-40 32-40
Slice 8 4-5 4-5 40 1.6 3
Thickness
(mm)
Spacing 2 0 0 - - 0.3
(mm)
Matrix 256x128 384x224 384x224 320%320 256%256 384x
256
NEX 1 0.5 0.5 1 1 2
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2.2 Review of Related Literature

Larkman D.J, Cokkinos D., Hajnal J.V, et al [2], studied the feasibility of
performing MRCP at 3.0 Tesla, and compared the image quality and signal
characteristics of a sample of patients undergoing an examination on both 1.5 and 3.0
Tesla systems. A prospective pilot study was performed in which 10 patients
underwent an MRCP examination consecutively on 1.5 and 3.0 Tesla systems (both
Philips Intera). HASTE sequence and a coronal thick slab 2D turbo-spin echo (TSE)
sequence were compared on both systems.

The results showed a slightly higher signal intensity ratio (CBD:liver) at 3.0
Tesla compared with 1.5 Tesla (8.1+1.9 ws.5.620.7, p=0.002). No significant
difference was found between the Sl ratios=of (CBD:fat) on HASTE images or
(CBD:liver) on TSE images. The gualitative analysis showed superior image quality
of 3.0 Tesla over 1.5 Tesla umages on both HASTE (3145 vs 25+9, p=0.032), and
TSE sequences (34+7.ws 2844, p=0.043). This pilot study showed that MRCP is
feasible at 3.0 TeslaWith' some -improvement in. image quality and signal
characteristics. : 4

Hiroyoshi I.,"Masakork s Yoji M, et al [3], evaluated the impact of MRCP
imaging at 1.5T and 3.0T on image quality. Fourteen volunteers were examined at
both 1.5T and 3.0T using MRCP: imaging « performed with a breath-held two-
dimensional (2D) HASTE thick-slab sequence, a free-breathing navigator-triggered
three-dimensional (3D) TSE sequénce with prospective acquisition correction, and a
heavily T2W sequence with “breath-held multi-slice HASTE. All images were
scored for visualization of the biliary and pancreatic ducts, severity of artifacts, image
noise, and overall image quality o

The results=showed the MRCP imaging at 3.0T vyielded a significant
improvement in overall image quality compared to 1.5T. They found at 3D TSE a
non significant trend toward superior visualization of cystic duct, CBD and pancreatic
duct at 3.0T. At sequencesheavily T2W imaging with thin sections (1.4 mm) at
3.0T provided, diagnestic limages @ and “better ‘vistalization of the biliary and
pancreatic ducts ‘than<' heavily T2W imaging' with standard sections (2.8 mm) at
3.0T.

Yasui M. et ah [4], compared .the image quality and visualization in MRCP
by using different high-field strength 1.0 vs. 1.5 Tesla MR units and assessed the
effect of field strength on MRCP. Ten healthy volunteers and 37 patients
suspected of having pancreatobiliary diseases were studied with HASTE and rapid
acquisition by relaxation enhancement (RARE) sequences.

The results showed SNR and CNR in HASTE sequences acquired with the
1.5 Tesla (T) unit were significantly higher than those acquired by the 1.0 T unit
(p=0.001). In qualitative analysis, there were no statistical significantly
differences in image quality or visualization of the ducts in either HASTE or
RARE sequences between 1.0 Tand 1.5 T.
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Pavone P., Laghi A., et al [5], evaluated the feasibility of MRCP at 0.5 T.
Thirty-one patient with dilated biliary systems were examined with three
dimensional MRCP studied with a 0.5 T superconducting magnet. A three-
dimensional TSE sequence was acquired (TR= 5,000 ms, TE= 244 ms, echo train
length = 45). A coronal image was post processing with MIP algorithm.

The results showed optimized parameters (TR= 3000 ms, TE= 700 ms, echo
train length = 128) which reduced acquisition time to 3 min when comparison with
ERCP the MRCP could have the same clinical value as high field strength MRCP.

Irie H., et al [10], determined ‘appropriate acquisition parameters for
MRCP with RARE sequence and the opitmalMRCP technique by comparing half-
Fourier RARE, steady-staie. free precession(SSEPR) of sequences 2D FSE and 3D
FSE sequences. They “used half-Fourier RARE MRCP images with varying
parameters and compared by usifnig a phantom. Duct conspicuity and CNRs were
compared for the four MRCR<technigues in phantom and healthy volunteers.

The results at«6 mm thick section without gap was appropriated for half-
Fourier RARE MRCP. Only for half- Fourier RARE MRCP could depict a 1mm duct.
CNR was the highestawithhalf-/Fourier RARE, followed by 3D fast spin echo, 2D
fast spin echo and SSFP/sequences..ROC curve analysis revealed no inter-observer
differences, and the area under the curve for detection of strictures of the main
pancreatic duct was as high as0.89" -



CHAPTER 11
RESEARCH METHODOLOGY

3.1 Research Hypothesis

The image quality obtained from MRI 3.0 Tesla is better than MR1 0.4Tesla
(Open) on both phantom and MRCP imaging.

3.2 Research Design
This study is a comparative research.

3.3 Research Design Model

MRI 3.0 Tesla(Philips; Achieva), MRI 0.4 Tesla (Hitachi, Aperto)

Perform' QC for MR scanners

Characteristics study of MR'CP-'lmaging in duct phantom

= ‘-J

Image quality evaluation: =
Spatial resolution, noise, SNR and CNR

A

Using standard protocols of MRCP imaging for MRI 3.0 T to determine
optimal MRCP protocols for MR1 0.4 T in duct phantom

A
Using standard protocols of MRCP imaging for MRI 3.0 T and Optimal
protocols for MRI 0.4 T=in volunteers

Determine SNR and .| Scoring image quality of MRCP
CNR images by radiologist

A
N

Compare the image quality of MRCP imaging at 0.4 Tesla with 3.0 Tesla

A\ 4

Obtain optimal protocols of MRCP Imaging for MRI 0.4 Tesla
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3.4 Conceptual Framework

Magnetic field strength at 0.4 and 3.0 Tesla

A 4

Image quality on phantom for MRCP imaging

h 4 \ 4

Signal to noise ratio Spatial resolution
(SNR)
A 4 ’ \ 4
e Numbepof signal average e Field of view (FOV)
(NSA)

e Matrix size

¢ Repetition time (TR) Slice thick
e Slice thickness

e Echotime (TE)
o Voxel size

e Number of phase
encading

e Bandwidth

3.5 Research Questions

3.5.1 Primary'Question

What are the optimal MRI protocols for MRCP imaging acquired by MRI 0.4 Tesla
(Open) in comparison to MRI 3.0 Tesla?

3.5.2 Secondary Question

What are the image quality (spatial resolution and SNR) for MRI 0.4 Tesla
(Open) and 3.0 Tesla in phantom study?
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3.6 Materials
3.6.1 MRI equipments:
MRI 3.0 Tesla, Philips: Achieva TX

Figure 3.2 MRI 0.4 Tesla (Open), (Hitachi: Aperto, Japan)

MRI 0.4 Tesla (Open), manufacturer Hitachi model Aperto has been installed
in 2006 at Department of Radiology, Rajavithi Hospital. Type of magnet is
permanent.
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3.6.2 Coil Type
MRI 3.0 Tesla: 16 elements phased-array coil

3’3 SENSE XL Torso coil

il receiver type, was designed as flexible volume
s. Each section consists of 16 elements: 8 upper
rformed in AP, RL; and HF directions, especially,
mainly in AP and rally use for the part of abdomen/pelvis,
thorax/abdomen, or othe tior}c b‘i"natlons as well as individual anatomies.
The recommended fiel e for*smglé‘ station coronal or sagittal examinations is
45 x 38 (HF) cm. L ”i‘ 4 '

AaA .\jfa

phasearray.coit sy,

coil of anterior and p¢
and 8 lower elements. It

| Figufe 34 Bady bhasé a.rray‘cc')'il |

A phase array coil, an MR receiver coil, consists of an array of individual
receiver coils. A phase array yields the high signal to noise ratio seen with small
surface coils while simultaneously providing a large field of view. In a phase array,
adjacent coil is overlapped to eliminate mutual inductance in a measure of coupling
between coils. This coupling would cause an unwanted degree of overlay required to
set the mutual inductance to zero, determined by the geometry of the individual coils.
Each coil in the phased array is connected to a low impedance amplifier. Use of low
impedance amplifiers help reduce coupling between distant coils. The outputs of the
preamplifiers in the array are sampled simultaneously and combined electronically.
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A single receiver coil may consist of many individual coil “elements”. Parallel
imaging techniques depend on the use of multi element array coils. Differences in
spatial sensitivities of each element are exploited in paralleled imaging to deliver scan
time saving.

3.6.3 Magphan phantom

Cylindrical Magphan® SMR170

Figure 35 N{Iagphan phantom

Cylindrical Magp n SMR 170 as'in figure 3.5 Was used to study the image
quality characteristics tial resolution and signal to noise ratio for both MRI
equipments.  The phan m |s.fJIIed by copper sulfate solution at different
concentration of 1 gran per sulfate.. to 1 liter of distilled water. 0.220, 0.295,
0.430 and 0.590 grams of oz&r sulfate per liter of distilled water were filled in four
contrast containers. The progedures’ were-gronducted as in the Magphan manual and

Y

AAPM report No.28 and 344 . = j_i, 7

3.6.4 Duct phantom LT e

@) (b)

Figure 3.6 (a) Syringe and plastic needle as duct phantom, (b) duct phantom placed
inside plastic bottle.

There are two parts of duct phantom; the first is made of plastic needle with
internal diameter of 2.0 mm (simulated as pancreatic duct). The second is 3 cc plastic
syringe with diameter of 10 mm (simulated to express the signal intensity in common
bile duct). Both syringe and plastic needle are placed inside a plastic bottle containing
saline [10] whereas outside of a duct model was filled with saline mixed Gadolinium.
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This phantom was used to determine the 0.4 T MRI optimal parameters affecting the
image quality (spatial resolution, SNR and CNR) in MRCP imaging.

3.6.5 Image J program

File Edit Image Process Anakze Plugins wWindow Help

[=fel sfsul g4 |&] | >

Scrolling tool {or press space bar and drad) |

Figure 3.7 Image J program

Image J is a public domain Java-image processing program inspired by
National Institute of Health-(NiH) Image for the-Macintosh. It runs, either as an
online applet or as a downloadable application, on-any computer with a Java 1.4 or
later virtual machine. Downloadable distributions are available for windows, Mac OS,
Mac OS X and Linux. Thisqprogram can: dlsplay, edit, analyze, process, save and print
8-bit and 32 bit images«*It can read many image formats including TIFF, GIF, JPEG,
BMP, DICOM, FITS and*“raw’. The calculation of area and pixel value statistics of
user-defined selectionssare available-as well as measuring of distances and angles. It
can create density histogi@@ams and- line prpfi‘le plot and also supports standard image
processing functions such jas ‘contrast manlpulatlon sharpening, smoothing, edge
detection and median filteging [10]

..l’ "

Image J program collaborated with the Microsoft office 2007 was used for the
calculation of full width at half maximum (EWHM) and measured the signal intensity
or pixel value of common bile duet and liver.

3.6.6 SPSS program-

SPSS (originally, Statistical Package for the Social Sciences) is a computer program
used for statistical analysis. SPSS is among the most widely used programs for
statistical analysisy ingsoetalgscience rlte1sy used by amarket researchers, health
researchers, survey: companies, l.government,’ education tesearchers, marketing
organizations and others. The original SPSS manual (Nie, Bent & Hull, 1970) has
been descrihed-as ene ef “sociolagy's most influential boeks'*“In-addition to statistical
analysis, data management i(casesselection, file reshaping,.creating derived data) and
data documentation (a metadata dictionary is stored in the data file) are features of the
base software. Statistics included in the base software [18]:

o Descriptive statistics: Cross tabulation, Frequencies, Descriptive, Explore,
Descriptive Ratio Statistics

o Bivariate statistics: Means, t-test, ANOVA, Correlation (bivariate, partial,
distances), Nonparametric tests

e Prediction for numerical outcomes: Linear regression

o Prediction for identifying groups: Factor analysis, cluster analysis (two-step,
K-means, hierarchical), Discriminant


http://en.wikipedia.org/wiki/Computer_program
http://en.wikipedia.org/wiki/Statistics
http://en.wikipedia.org/wiki/Social_science
http://en.wikipedia.org/wiki/Metadata
http://en.wikipedia.org/wiki/Data
http://en.wikipedia.org/wiki/Cross_tabulation
http://en.wikipedia.org/wiki/Statistical_frequency
http://en.wikipedia.org/wiki/Mean
http://en.wikipedia.org/wiki/T-test
http://en.wikipedia.org/wiki/ANOVA
http://en.wikipedia.org/wiki/Correlation
http://en.wikipedia.org/wiki/Nonparametric
http://en.wikipedia.org/wiki/Linear_regression
http://en.wikipedia.org/wiki/Factor_analysis
http://en.wikipedia.org/wiki/Cluster_analysis
http://en.wikipedia.org/wiki/Discriminant_analysis_(in_marketing)
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SPSS program was used to calculate the intra-class correlation coefficients (ICC) for
assessment consistency with effects due to reading 7 ducts structure by radiologist.

The intra-class correlation [19], (ICC) is a descriptive statistic that can be
used when qualitative measurements are made on units that are organized into groups.
It describes how strongly units in the same group resemble each other. While it is
viewed as a type of correlation, unlike most other correlation measures it operates on
data structured as groups, rather than data structured as paired observations.

The intra-class correlation is commonly used to quantify the degree to which
individuals with a fixed degree of relatedness (e.g. full siblings) resemble each other
in terms of a qualitative trait. Another pretaiment application is the assessment of
consistency or reproducibility-of qualitative “measurements made by different
observers measuring the same-quantity.

The ICC is construgted.to be applied to exchangeable measurements that is,
grouped data in which_ ihere s no meaningful way to order the measurements within a
group. In assessing conférmity among-ebservers, if the same observers rate each
element being studied; then systematic differences among observers are likely to
exist, which conflicts with the notien of exchangeability. If the ICC is used in a
situation where systematic differences exist, the result is a composite measure of
intra-observer and inter-observer “variability.  Since the intra-class correlation
coefficient gives a composite of intra-obs’e:r"v‘qr and inter-observer variability when
used with data where the obsefvers are not exchangeable, its results are sometimes
considered difficult to interpret.in that setting. Alternative measures such as Cohen's
kappa statistic, the Fleiss kappa, and the concordance correlation coefficient have
been proposed as more suitable measures of agreement among non-exchangeable
observers.

3.7 Methods

3.7.1 MRI image quality characteristics study

The image quality characteristics of MRI-3:0. T, and MRI'0.4 T were studied
following the Magphan manual (2001) [14] and AAPM report N0.28(1989) [12] and
34(1991) [13]. The specific image parameters are: sensitometry, slice thickness and
slice position/separation.

3.7.2 The characteristics of MRCP imaging in duct phantom

The characteristics of MRCP imaging are spatial resolution, image noise,
signal to noise ratio and contrast to noise ratio. A duct phantom with internal diameter
2.0 mm of a plastic needle and 10 mm diameter of syringe were scanned by both MRI
equipments.


http://en.wikipedia.org/wiki/Descriptive_statistics
http://en.wikipedia.org/wiki/Statistical_unit
http://en.wikipedia.org/wiki/Correlation
http://en.wikipedia.org/wiki/Exchangeable_random_variables
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29

MRI 3.0 T techniques:

e The duct phantom was placed at the center of the 16 elements phased-array
coil (Figure 3.8a).

e The coronal 2D SSh-MRCP rad TSE and 3D high resolution SENSE T2W
FSE were obtained from the standard parameters as shown in Table 3.1.

Table 3.1 The standard parameters of MRCP protocols at MRI 3.0 T (standard
protocol).

TR TE FA | FOV._ | Thickness | Freq. | phase | NSA | Recon | time
(ms) | (ms) (mm) | (mm)/gap matrix

2D | 5,640 | 740 90 300 |40/0 256 | 256 |1 256 5s

3D | 2,340 | 740 90" 3007 2/0 2551256 |1 512 3.39

min

FA: Flip angle, Freq: fregueney; Recon: reconstruction, SSh: single shot, rad: radial,
TSE: Turbo spin echo. -

e The FWHM was measured by image J program for visualization of the duct in
coronal 2D and 3D;image of phantom."

e The coronal image at syringe diameter 10 mm. was evaluated to obtain the
SNR and CNR by placing ROI at the eenter of syringe (signal) and outside
syringe (noise). The signat intensity was used to calculate SNR, CNR and
image noise. Yo

MRI1 0.4 T techniques:

The procedure and the analysis were performed the same as at MRI 3.0 T but the
scan parameters were different.

e The duct phantom was placed at the ‘center of {the body phased-array coil
(Figure 3.8D).

e The coronal 2D FSE and coronal 3D heavily T2W FSE were obtained as
shovin in/Table'3.2.

Table 3.2 The parameters of MRCP protocols at MR1 0.4 T (original protocol).

TR TE FA | FOV | Thickness | Freq. | phase | NSA | Recon. | time
(ms) | (ms) (mm) | (mm)/gap matrix

2D | 4,000 | 512 | 90 | 300 40/0 256 | 256 2 256 8s

3D | 4,000 | 540 90 | 300 2/0 256 256 4 512 |5.20
min
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e The FWHM was measured by image J program for visualization the duct in
coronal 2D and 3D image of phantom.

e The coronal image at syringe diameter 10 mm. was evaluated to obtain the
SNR and CNR by placing ROI at the center of syringe and outside syringe
(noise).

e The signal intensity (SI) was used to calculate SNR, CNR and image noise
(standard deviation of  background surrounding syringe) of saline+
Gadolinium by equations as follow:

SNR = Sl (saline in syringe)

SD (saline + Gadolinium) (6)

CNR = Sl (saline in syringe)-Sl (saline+Gadolinium)
SD (saline + Gadolinium) (7)
Noise = SD (salifie+.&adolinium) (8)

3.7.3 Using standard protocols ‘.of MRCP. imaging for MRI 3.0 T to
determine optimal MRCP protocols for MRT 0.4 T in duct phantom

The duct phantom was used o stddy the optimal MRI parameters for MRCP
(SNR, CNR and Spatial resolution) for 0.4 Tand compare with at 3.0 T for standard
MRCP protocol.

Standard MRCP imagtig protocolré of MRI 3.0T

e The duct phantom was placed at the center of the 16 elements phased-array
coil (Figure 3.8a)

e The coronal 2D SSh-MRCP rad TSE: TR= 5,640 ms, TE= 740 ms, FOV= 300
mm, thickness = 40 mm, no inter-slice gap, image matrix size was 256x256,
NSA= 1 and acquisition time =5 s and 3D high resolution SENSE T2W FSE :
TR= 2,340 ms, TE=+740, FOV= 300-mm, thickness = 2.0 mm, no inter-slice
gap, matrix size was 255%256, NSA= 1, and acquisitiontime = 3.39 min

e 3D recopstruction image by maximum intensity projection (MIP).

OptimalMRCP imaging proto¢al 0fMR1 04T

e The duct phantom was placed at the center of the body phased-array coil
(Figure 3.8D).

e The coronal 2D and 3D Heavy T2-weighted FSE (Fast Spin Echo) was
obtained by varying the parameters affecting for image quality (SNR and
Spatial resolution).

e The FWHM was measured by image J program to evaluate the spatial
resolution at duct phantom diameter 2.0 mm.
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e The signal intensity (SI) was used to calculate SNR, CNR and image noise
(standard deviation of background surrounding syringe) of saline+ Gadolinium
at syringe diameter 10 mm.

e Compare the image quality for both field strengths and obtain the optimal
parameters of MRCP imaging at MR1 0.4 T.

Figure 3.8 The experimenta
resolution, SNR and CNR &

3.7.4 MRCP protoco s:

_'__

The standard MRCP.i ,magmg pmhs for MRI 3.0 T and the obtained

optimal protocols in phantom of MRCI-"r imag
in volunteers. T" —

MP 4 T were used to acquire

3.7.5 Quanti@ive”éé |

Quan%we assessment was _detefdined as the SNR and CNR by placing

circular ROI w b-% wdﬁm nw ﬂ\ zﬁiard deviation (SD) of
atthe li etermined as the noise noise) The equations are:

the signal inten
=S

WW%NWWWBWQB o

CNR = Sl (common bile duct) — SI (Liver)
SD (Liver) (10)

Noise = SD (Liver) (12)

The mean and standard deviation of pixel value were used to evaluate the
quantitative assessment for both field strengths.
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3.7.6 Qualitative assessment

One radiologist with over 10 year experience evaluated these images for
qualitative appearance. Seven structures were analyzed: gall bladder, left hepatic
duct, right hepatic duct, cystic duct, common hepatic duct, common bile duct and
pancreatic duct. Five-point scales were scored to assess the image quality.

3.7.7 Comparison of the SNR and CNR and the scoring of image quality
for both field strengths.

The purpose of this study is to determine and optimize the MRCP protocol of
MRI 0.4 T. However, the diagnostic requirement for MRCP imaging is not only high
spatial resolution but also the contrast resolution.and the appropriate acquisition time.
Therefore, the protocols setting for MRCP imaging can be obtained by comparing the
results of characteristic of spatial reselution, SNR.and CNR including the total
examination time.

3.8 Data analysis
3.8.1 Image Evaluation

This research isi@ prospective-study which healthy volunteers were invited to
the MRCP examination ai'3.0'T and 0.4 T,

3.8.2 Image quality scores (Qualitative image analysis)

A reader with over 10-years of MRI experience performed a blinded
qualitative analysis of randomized images review on a View Forum workstation.
Each pair of MR sequences were evaluated together for the quality of visualization of
individual structures.of the pancreatobiliary system-according to predefined criteria.
Seven structures were: the gall bladder, left hepatic duct, right hepatic duct, common
hepatic duct, commansbile duct, cystic duct and pancreatic.duct. There are five-point
scales scored by radiologist:

4= very good. (diagnostic image quality, visualize structures with
homogeneous of-ducts)

3= good (still diagnastic, visualize structures with inhomogeneous of ducts)

2= moderate (partly diagnostic)

1= poor (barely diagnostic)

0="non diagnostic (lacking enhancement of the ducts)

The consistency of image quality is obtained by score with two readings. The
measurement was assessed by calculating intra-class correlation coefficients (ICC) for
7 structures of ducts.

3.8.3 Signal and Contrast to noise ratio (Quantitative image analysis).

The quantitative image quality is analyzed by create a 28.8 mm? circular
region of interest at the center of the common bile duct and liver parenchyma. The
mean pixel values in these regions of interest were used to calculate the signal
intensity. The standard deviation (SD) of the liver represented as the noise (SD noise).
A single ROI was located in a homogenous portion of the liver and set in an area to
avoid vessels and prominent artifacts. To minimize coil in-homogeneity errors, a
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small ROI for signal measurement of the common bile duct was set at center of the
common bile duct. The equation (9), (10) and (11) were used to calculate SNR and
CNR respectively.

3.9 Sample size determination

The sample size between two related groups was calculated as the difference
of the image quality from both field strength MRI scanners as following:

Za+Zp)?c?
% where o® = 6%+6% - 2Y610,

Two related groups so, n pair
a=0.05,p=0.10, Z, = Z0.05 = 1.645 (oneftail) ,Zp = 20.10 =1.28
o° = Variance of difference=2.77, d = Qifference =250,y=0.5,6=1.9,5,=0.7

(1.645+1:28)% (2.77)
(2:5)2

Therefore, n pair = = 3.81, 10 eases will be collected.

From the literature'review [1] the signal intensity ratio (CBD: liver) at 3.0
Teslaand 1.5 Tesla were (8:1+1.9 vs 5.6£0.7). To obtain the maximum sample size
the correlation coefficient, y,is defined as 0.5.

3.10 Statistical analysis

SNR and CNR were calculated by equation (9) and (10). The Image J
program was used to measure the signal intensity and the image quality score were
expressed as mean and the standard deviation. Statistical comparisons of mean values
were performed with the t-test for paired samples. The qualitative image analysis was
compared using the t-test for-paired samples. Siatistical significance is assumed at
p=0.05 and use 95% confidence interval (Cl) in all cases: Microsoft excels and SPSS
program were used to-calcutate-atl-data vatue:

3.11 Outcome measurement
Variables
Phantom study:
Independent variables:Slice thickness, NSA FOV, Matrix size, TR, TE, Flip
angle, bandwidth and number of phase encoding.

Dependent variables: Spatial resolution, Signal to noise ratio, contrast to noise
ratio

Patient study

Independent variables: signal intensity in biliary system and MIP on MRCP
imaging

Dependent variables: Preference score, Signal to noise ratio and contrast to
noise ratio



34

3.12 Expected benefits

The MRI parameters for better image quality at both field strengths and
optimized protocol of MRCP imaging at MRI 0.4 Tesla (Open) are expected. The
improvement in image quality of MRCP imaging could increase the diagnostic
confidence level for radiologist in diagnosis of MRCP examination especially for
MRI 0.4 Tesla. In addition, the quality control of MRI systems would improve the
spatial resolution and SNR for both field strengths using phantom study.

3.13 Ethical consideration

Most parts were performed in sphantom to investigate the physical
characteristics of spatial resolution and SNR..The clinical image quality was
performed in healthy volunteers in order to achieve the optimized protocols. The
ethical had been approved Dby the Ethics Committee, Faculty of Medicine,
Chulalongkorn University and-Rajavithi hospital.



CHAPTER IV
RESULTS

4.1 The performance test of MRI scanners

The performance test of MRI 3.0 T and MRI 0.4 T were image uniformity,
sensitometry, high contrast resolution, low contrast sensitivity, slice geometry,
geometric distortion and slice separation. The result of quality control of MRI
scanners is shown in Appendix B. The report of both field strengths MRI systems is

shown in Table 4.1 and 4.2.

Table 4.1 REPORT OF MRISYSTEM 0.4 T.PERFORMANCE TEST

LOCATION Sirinthorn Building, Floor 1
Rajavithi Hospital

DATE July 28, 2010

MANUFACTURER "HITACHI

MODEL APERTO

Image Uniformity pass

Sensitometry (MRI Number) pass

High Contrast Resolution pass

Low Contrast Sensitivity pass

Slice Geometry (Slice Width) pass

Geometric Distortion pass

Slice Position/Separation pass

Table 4.2 REPORT @F MRI SYSTEM 3.0 T PERFCRMANCE TEST

Slice Position/Separation

LOCATION Apuntreepacha,Building, Floor 1
King Chulalongkaorn Memorial Hospital

DATE August 7, 2010

MANUFACTURER PHILIRS

MODEL ACHIEVATX

Image Uniformity pass

Sensitometry (MRI Number) pass

High Contrast Resolution pass

Low Contrast Sensitivity pass

Slice Geometry (Slice Width) pass

Geometric Distortion pass

pass
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4.2 Characteristics of MRCP imaging in duct phantom
4.2.1 Evaluation of the spatial resolution by FWHM
A. Variation of slice thickness

The coronal plane of duct phantom diameter 2.0 mm for 2D images is
displayed for the study of the spatial resolution affected by the slice thickness (thick-
slab) of 20, 30, 40, 50 and 60 mm and 3D.images at the slice thickness of 2, 3, 4and 5
mm at MRI 0.4 T. The chart of FWHM)&/hown as in Figure 4.1(a) for 2D and
4.1(b) for 3D.

FWHM at vari lice thicknesses
a "a";;sosll!:e — _FWHM at various slice thicknesses

12 —(2D.0.47T) e, (30,0.4T)
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1 - r /1 m » . T ——3.0T/2mm
c: , 83 ) 0.4 ) m 82 T —=—0.4T/2 mm

- ¢ m : |

2] ; 0, 7% 0.4T/3 mm
m a 07 ] -4 goma 0.6 —%—0.4T/4 mm
a | 06 — 4 04 T/60' mm 0.5

0.5 s \ —%—0.4T/5 mm
| 04
f 0.4 - . 0.3 "r 4
i e 03 v & A 02 '
z s 02 i - O e
e 01 \ W, s 4 ° m
d _0(1) T 8%;{) 2 4 6 8 1012 14 16 18 20

T 0 2 4 : 6 8 10 12 14 Zg:;“ . Distance (mm)

Distance (m T il 1
(a) = — (b)

el T Ld =
Figure 4.1 The FWHM Versus sllce thlckness of (a) 2D a,m’d (b) 3D images at MRI 0.4
T compared to 40 mr ja" an Ct _ gss of 3.0 T MRI system

Figure 4.1 sho% the FWHM at a half of normgjized values (0.5) of 2D and
3D images from each varying thickness at MRI 0.4 T. The FWHM at 2D images and
3D images is shawn inithe Table4:3.

Table 4.3 FWHM as a factor of slice thickness of 2D and 3D images at MRI1 0.4 T
compared t0.40.and.2 mm slice thickness of MRI‘3:0_T respectively

2D104T FWHM(mm) 3D 0.4°T FWHM (mm)
Thickness (mm) Thickness (mm)
20 2.6 2 2.8
30 2.6 3 2.8
40 2.8 4 2.9
50 2.9 5 2.9
60 2.9
40mmatMRI30T 2.1 2mmatMRI30T 2.3




37

From the Table 4.3, the shortest FWHM (2.6 mm) was obtained at 20 and 30
mm thickness for 2D images and at 2 and 3 mm thickness (2.8 mm) for 3D images
respectively. The thinnest slice thickness, the best spatial resolution is obtained.

B. Variation of field of view (FOV)

The coronal plane from duct phantom diameter 2.0 mm 2D and 3D images with
variation of FOV at 280, 300, 320, 340 mm for MRI 0.4 T to evaluate the spatial
resolution, FWHM are displayed in Figure 4.2.

1.1 -

1 .
0.9 :ﬁ

Qo ® N — — o0 3 0 2
w o e — o <
o
>

%DEFJBOO mm
hﬁso mm)

S

FWHM at various FOVs(2D 0.4T) { // FWHM at various FOVs(3D 0.4T)

—— 3.0 T/300 mm
—#— 0.4 T/280 mm

0.4 T/300 mm
—»%— 0.4 T/320 mm
—%—0.4 T/340 mm

2 4 6 8 10 12 14 16 18 20

Distance (mm)

(b)

Figure 4.2 FWHM at various’ F@ids ofi?-"_(é) and 3D (b) images at MRI 0.4 T
compared to FOV 300 mm Al VIRF S0 T

A

-

Figure 4.2 show

The FWHM values Ere-shown in the Table 4.4,

£)

i

f«/jrious FOVs at MRI 0.4 T.
e

Table 4.4 The FWHM values from variation of FOV 25and 3D imagesat MR10.4 T
compared to 300:mm FOV.at MRI:3.04T

2D / 0.44T FWHM (mm) 3D/0AT FWHM (mm)
FOV(mm) FOV(mm)
- 280 2.1 280 3.0
300 2.5 300 2.9
320 3.2 320 3.0
340 3.2 340 3.1
300 mmatMRI3.0T 2.1 300mmatMRI3.0T 2.3

From the Table 4.4, the shortest FWHM (2.1 mm) for 2D images at 0.4 T was
found at 280 mm FOV and at 300 mm FOV (2.9 mm) for 3D images respectively.
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C. Variation of number of phase encoding (matrix)

The coronal plane from duct phantom diameter 2.0 mm 2D and 3D images in
phase direction are displayed to evaluate the spatial resolution at 192, 256, 288,
320 at MR1 0.4 T as shown in Figure 4.3.

FWHM at various phases(2D 0.4 T) FWHM at various phases (3D 0.4T)
1.1 N 1.1
. ::ﬁ: —+—30T/phase 256 || © o5 | ——3.0T/256
o 09 | —®-04T/phase192 || r v (g - > g'ﬂggé
Vo7 - 0.4T/phase 25 i a 0.7 ——1 —%—04T/288
m a 0.6 - - —x—04T/pha5328 A’ 82 4 —%—0.4T/320
- b a0’ g |
i e . ’__I-F‘U‘[ " :
e— ()1~
: s ll"hl 0 > N
. I%'O'l 0 2 4 6 8 10 12 14 16 18 20
I | Distance (mm)
' VRN
Q) £ F 2 E_.‘i (b)

Figure 4.3 FWHM vers?ﬁ{ e of 2D (a%ara,d 3D (b) images at MRI 0.4 T compared
to number of phase 256 at ;é 0 'IZ N

,.-,- Ak
w7

Figure 4.3 shows WHNI of 29, and 3D images from various number of
phases at MRI 0.4 T with MRI 3 0 T. The lﬁ/yHM values from various numbers of

5;;-‘,

phases are shown in the Table 4’ 5— —
T

Table 4.5 The FWHI\(I from varlatlon number of phase2D and 3D images at MRI
0.4 T compared to nuJ =1

)

¥

..LJ

2D/04T || FWHM (mm) 3D/0AT FWHM (mm)
Number of phase Number of phase
192 3.2 192 3.1
256 2.5 256 3.0
288 2.4 288 2.9
320 24 320 3.0
256 at MRI 3.00T 21 255@t MRL3.0T 2.3

From the Table 4.5, the shortest FWHM (2.4 mm) of phase for 2D images at
0.4 T is at number 288 and 320 and 3D images (2.9 mm) at number 288

4.2.2 Evaluation of the signal to noise ratio (SNR), contrast to noise ratio (CNR)
and image noise for MRCP imaging using syringe.

The image noise, SNR and CNR for MRCP imaging are evaluated with the
variation of scanning parameters, the method for estimating the value of coronal
MRCP images are obtained by using the part of syringe diameter 10 mm for duct
phantom. The coronal 2D and 3D images were reconstructed.
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B. Variation of slice thickness

The 2D coronal plane images in part of syringe from duct phantom diameter
10 mm are obtained from the variation of slice thickness at 20, 30, 40, 50 and 60 mm.
and 3D image at 2,3,4and 5 mm for MRI 0.4 T to evaluate the SNR, CNR and
noise. The signal intensity values by drawing ROl were measured, the SNR, CNR and
image noise were compared to MR1 3.0 T as in the Table 4.6 and 4.7 respectively.

Table 4.6 The image noise, SNR and CNR at various slice thickness for 2D images at
0.4 T comparedto MRI 3.0 T

Thickness syringe Bkgy SNR CNR
(mm)
mean SP mean SD SI (syr) S1 (syr)-SI (bka)
(Noise) | SD (bkg) SD (bkg)
20 15976.8"| 12181 411 LA 91.18 88.84
30 15700.4 (#1196.34]/333.3 (156, 7 100.14 98.02
40 15824 4711585 |'+310 {1084 146.03 143.17
50 14823.7 4 10f7.2 |#287.8" | ~90.7 163.45 160.28
60 15839.1 |/1115.1.|.B847.3) /. 20L.7 155.74 152.32
30T 483.42 52.49 6.30 "1.2'.'85 169.62 167.41
(40 mm) pa
*syr (syringe)

Table 4.7 The image noise, SNR and CNR at various thicknesses of 3D images at 0.4
T compared to MRI3.0 T

Thickness syringe Bkg SNR CNR
(mm.)
mean SD mean SD SL(syr Sl (syr)-SI (bka)

(Noise) |~ SD (bkg) SD (bkg)

2 15379.9 | 7449 | 449.1 | 59.6 258.05 250.51

3 144395 | 1887.5 | 349.8 | /55.26 261.30 254.97

4 16707.6 | 563.6 | 380.1 | 47.37 352.70 344.68

5 16627.3 | 4515 | 309.1 | 45.22 367.69 360.86

30T 1187.91 | 119.39 | 4.13 2.19 542.42 540.53
(2 mm)

The minimum thickness was 2 mmat MRI 0.4 T

Table 4.6 shows the SNR and CNR for 2D MRCP imaging. SNR and CNR are
highest (163.45, 160.28) at the largest thickness 50 mm. For 3D images in table 4.7
the slice thickness at 5 mm showed a highest SNR and CNR (367.69 and 360.86). The
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lowest noise is at slice thickness 50 mm (90.7) for 2D images and 5 mm (45.22) for
3D images.

B. Variation of field of view (FOV)

The 2D and 3D coronal plane images in the part of syringe from duct phantom
diameter 10 mm are obtained from variation of FOV at 260, 280, 300, 320 and 340
mm at MRI 0.4 T. The signal intensity value by drawing ROI to measure image noise,
SNR and CNR are compared to MR1 3.0 T as in the Table 4.8 and 4.9 respectively

Table 4.8 The image noise, SNR and CNR at various FOV for 2D images at 0.4 T
compared to MRI3.0 T

FOV syringe Bkg SNR CNR
(mm)
mean SD mean SD Sl (syr) S1 (syn)-SI (bkg)
(Noise) SD (bkg) SD (bkg)

280 24746.7 | 1698.5 |4 T2 215.9 96.37 93.28

300 1540479 | 10918 f 812:2°4 1502 102.53 100.48

320 159476 | 12379 | 3333 | 1_4_0.6 113.42 111.05

340 18128.3¢| 18258 | 410:2 (+172.3 105.2 102.83
30T 483.42 52.49 6130 ; 285 169.62 167.41
(300) —

b i A

Table 4.9 The image noise, SNR and CNR with various FOV for 3D images at 0.4 T

FOV syringe Bkg SNR CNR
(mm.)
mean SD mean SD Sl (syr) Sl (syr)-SI (bkq)
(Noise) SD (bkg) SD (bkg)

280 10089.8 | .164.9 .| 337.8 67.1 150.37 145.33

300 17419.43 | 374.6 | 4015 85.2 204.47 199.76

320 13522.0 {28284 %3448 56:6 289.08 232.97

340 14941.4 | 236.7 | 346.9 91.6 163.17 159.38
30T 1187.91 | 119.39 | 4.13 2.19 542.42 540.53
(300)

Table 4.8 shows the SNR and CNR for 2D MRCP imaging. SNR and CNR are
highest (113.42, 111.05) at FOV 320 mm. For 3D images in table 4.9 the FOV at 320
mm showed a highest value for both SNR and CNR (239.08 and 232.83). The lowest
noise showed at FOV 320 mm (140.6) for 2D images and 320 mm also (56.6) for 3D
images.



41

C. Variation of number of phase encoding (matrix)

The 2D and 3D coronal plane images in part of syringe from duct phantom
diameter 10 mm are obtained from the variation number of phase steps at 192, 256,
288 and 320 for MRI1 0.4 T to evaluate the SNR, CNR and noise. The signal intensity
values by drawing ROI to measure SNR, CNR and image noise are compared to
MRI1 3.0 T as in the Table 4.10 and 4.11 respectively.

Table 4.10 The image noise, SNR and CNR with various number of phase for 2D

images at 0.4 T compared to MR1 3.0 T

Phase syringe Bkg SNR CNR

mean Sk mean SD SI (syr) SI (syn)-SI (bka)
| (Noise) SD (bkg) SD (bkg)
192 16023.1"1094.+*1 »880.1 | | .177.5 90.27 88.13
256 14539.1 | 1064.5"/408.1 | 169.1 85.99 83.61
288 14719.1 | #4404 | 298.8 | 437.3 107.20 105.02
320 147041 | #7598 | 3904 - |%150.9 97.44 94.85
30T 483.42°7| 52.49" | 6:30 2.85. 169.62 167.41
(256) e

Table 4.11 The image noise, SNR and CNR.\')vith various number of phase for 3D

images at 0.4 T compared to MRI-3:0 T

syringe Bkg SNR CNR
Phase
mean SD mean SD Sl (syr) Sl (syr)-Sl(bkq)
(Noise) SD(bkg) SD (bkg)
192 13754.8 45.3 459.3 54.8 250.90 242.53
256 17449143 | 874.6 | 401.5 85.2 204.47 199.76
288 9025.1 8249 | 326.3 | 27.83 324.29 312.56
320 9026.5 736.0.|308.9 | 51.34 175.81 169.89
30T 1187.91 | 119.39 | 4.13 2.19 542.42 540.53
(256)

Table 4.10 shows the SNR and CNR for 2D MRCP imaging. SNR and CNR
are highest (107.20, 105.02) at number of phase 288. For 3D images in table 4.11 the
number of phase at 288 shows a highest SNR and CNR (324.29 and 312.56). The
lowest noise is at number of phase 288 (137.3) for 2D images and 288 also (27.83) for
3D images.
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D. Variation of repetition time (TR)

The 2D and 3D coronal image plane in part of syringe from duct phantom
diameter 10 mm are obtained from various TR at 2000, 3000 , 4000, 5,000 and
6000 ms for MRI10.4 T to evaluate the SNR, CNR and image noise. The signal
intensity values by drawing ROI to measure SNR, CNR and image noise are
compared to MRI 3.0 T as in the Table 4.12 and 4.13 respectively.

Table 4.12 The image noise, SNR and CNR with various TR for 2D images at 0.4 T
compared to MRI 3.0 T

TR syringe Bkg SNR CNR

(ms)
mean SD mean ! SD Sl (syr) SI (syr)-SI (bkg)
(Noise) SD (bkg) SD (bkg)

2,000 20650.2¢( 142914 + 804 376.3 54.87 52.74
3,000 201072 | 495147 4 50:1 4 4269.9 74.49 71.72
4,000 14233.1 [41090 /|-899.7 183.5 77.56 75.83
5,000 15047.1 | 4202.4-| 3480 |- 1434 105.15 102.7
6,000 17118.2 | 1235.9-1 3815 1-,35::4-:‘ 126.42 123.61
30T 483.42 52491 6.30 285 | 16962 167.41
(5,640)

*Scan time (),.TR 2,000 (4), 3,000 (6), 4,000 (8), 5,000 (10), 6,000(12)

Table 4.12 shows the SNR and CNR for 2D MRCP imaging. SNR and CNR
are highest (126.42, 123:61) at TR 6,000 ms; For 3D images in table 4.13 the TR at
6,000 ms  shows' a highest: value for both: SNR and CNR (372.9 and 365.19). The
lowest noise shows at “FR 6,000'ms*(135.4) for 2D-“images' and 6,000 ms also (38.5)
for 3D images.
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Table 4.13 The image noise, SNR and CNR with various TR for 3D images at 0.4 T
compared to MRI 3.0 T

syringe Bkg SNR CNR
TR
(ms) mean SD mean SD Sl (syringe) | Sl (syr)-Sl (bka)
(Noise) SD (bkg) SD (bkg)
2,000 10392.6 | 301.6 | 668.9 | 133.9 77.63 72.64
3,000 19308.6 | 442.6 | 700.5 | 116.1 166.24 160.20
4,000 17230.3 | 319.87 | 562.95 | 64.44 267.38 258.64
5,000 13788.6 | 196.2 317 493 279.46 273.03
6,000 14349.2 | 2779 296.84| 385 372.9 365.19
30T 1187.917%17119,39" |#74.13 2.19 542.42 540.53
(2,340)

*Scan time (min), TR 2,000.2.4),3,000 (4), 4,000 (5.2), 5,000 (6.4), 6,000(8)

E. Variation of number.of signal averdgé (NSA)

The 2D and 3D coronal plane irﬁ{age’s in part of syringe from duct phantom
diameter 10 mm are obtained from variation of NSAat 1, 2, 3and 4 for MRI0.4 T
to evaluate the SNR, CNR and image noise. The signal intensity values by drawing
ROI to measure SNR, CNR and image noiseare compared to MRI 3.0 T as in Table
4.14 and 4.15 respectively. 2

#e 2 4

Table 4.14 The image noise, SNR and CNR";V'\'/’it'h Various NSA for 2D images at 0.4 T
compared to MRI 3.0-T

NSA “syringe Bkg SNR CNR
mean ' SD mean SD Sl (syr) Sl (syr)-Sl (bkq)
(Noise) SD (bkg) SD (bkg)
1 18846.6 | 1558.9" | 988.5 452.6 41.64 39.45
2 196982 |+#12483.3+ 370.9 3634 542 53.18
3 238939 | 1728.3 | 598.2 382.6 62.45 60.88
4 23822.6 | 1904.1 | 538.7 310.2 76.76 75.06
30T 483.42 52.49 6.30 2.85 169.62 167.41
(NSA=1)

*Scan time (s), NSA 1 (4), 2(8), 3(12), 4(16)
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Table 4.15 The image noise, SNR and CNR of 3D images at 0.4 T compared to MRI
30T

syringe Bkg SNR CNR
NSA
mean SD mean SD Sl (syr) SI (syr)Si(bka)
(Noise) SD (bkg) SD (bkg)
1 11531.6 | 136.3 | 666.2 | 118.7 97.12 91.51
2 11396.2 | 277.6 | 453.1 66.8 170.65 163.86
3 11008.6 | 284.3 | 355.0 48.0 229.20 221.81
4 15379.9 | 744.9 | 4491 59.6 258.05 250.51
5 11496.2 | 4629 | 2895 AP 368.70 359.42
30T 1187.91 +udd49:39+{ 4.13+" | 249 542.42 540.53
(NSA=1)

*Scan time (min), NSAL (1.2), 2(2.4), 3(4:0), 4(5.2), 5(6.4)

Table 4.14 shows the SNR and CNR for 2D MRCP imaging. SNR and CNR are
highest (76.76 and 75.06).at NSA 4. For 3D images in table 4.15 the NSA at 5 shows
a highest value for both SNR/and CNR (368.7 and 359.42). The lowest noise is at
NSA 4 (310.2) for 2D imdges'and NSA 5(31.2) for 3D images.

4.3 Determination of optimal parameféré for MRCP imaging protocols in
phantomat MRI1 0.4 T

The optimal parameters for MRCP-:ifﬁaging protocols at MRI 0.4 T are
determined by using the resuits-of characteristics of MRCP imaging in duct phantom
including evaluation-of the spatial resolution, image noise, signal to noise ratio and
contrast to noise ratio./The obtained optimal parameters are:

A. Slice thickness

As comparingsside, by-side-between .the FWHM-~(Table-4.3) and the obtained
signal intensity values; the image noise, SNR and CNR fromgvarious slice thickness
are shown in Table 4.6 and 4.7.

2D image Thethick-slah 40 mm was selected atthe F\WHM of 2.8 while in
3.0 T was 2.1. The SNR and CNR were accepted (40 mm was 146.03 and 143.17).
Although, the obtained SNR was not a highest but the spatial resolution was still
considered. The image noise decreased when the slice thickness increased (40 mm,
108.4 and 50mm, 90.7). In addition, the area coverage was considered at a larger part
examination.

3D image The slice thickness at 2 mm is selected, although the values of SNR
and CNR are lower than thicker slice thickness (SNR, 258.05 and CNR, 250.51). At
3D image, thin slices are selected to reconstruct MIP images, especially at pancreatic
duct which is small size in diameter, the thin slices shows better resolution.
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B. Field of view (FOV)

Similar to the slice thickness, the comparing side by side between the FWHM
in Table 4.4 and the noise, SNR and CNR from various FOV are shown in Table 4.8
and 4.9.

2D image The FOV at 300 mm is selected as FWHM is 2.5 mm at 0.4Twhile
at 3.0 T FWHM was 2.1 mm. The SNR and CNR show appropriate values at300 mm
FOV of 102.53 and 100.48.

The noise is slightly decreased, with increasing FOV. Although large FOV
brought to increasing of SNR and CNR butthe spatial resolution is poorer.

3D image The FOV at 300 mm is selected, although the SNR and CNR were
lower than bigger size of FOV (SNR was 204.47-and CNR was 199.76). In this part,
SNR and CNR decreased'when-FOV increased to 340-mm (SNR was163.7 and CNR
was 159.38).

C. Number of phase.encoding (matrix)

The FOV is kept canstant while number of phase encoding is increased. As a
results pixel size is smaller and'SNR decreases, the spatial resolution was improved.
The FWHM, (Table 4:5) SNR, CNR and noise are displayed at various number of
phase encoding (Table 4.10 and 4.11):

2D image, the number of phase enéoding 288 is selected because FWHM is
not different at 2.4 mm while in 3.0 T FWHM:is 2.1 mm. The SNR and CNR show
the highest values (288 number of phase was 107.20 and 105.02). The noise is
decreased when the number-of-phase-inereased:

3D images, the number of phase at 288 for 0.4 T, the FWHM was 2.9 mm
while 3.0 T was 2.3 mm. The SNR and CNR were highest (SNR was 324.29 and
CNR was 312.56) and the noise was lowest.of 27.83.

D. Repetitiontime (TR)

When' the /TR dncreased:the SNR rincreased according-to ithe T1 recovery
curve. Unfortunately, the'increasing of 'scan'time was followed. From.Table 4.12 and
4.13 the optimal TR values were selected.

2D image, the TR at 5000 ms was selected because of the SNR and CNR
showed the optimal values corresponding to the scan time (TR 5000 ms, SNR was
105.15, CNR was 102.27 and scan time for breath- hold was 10 s). The noise
decreased when TR increased (TR 5000 ms noise 143.1, TR 6000 ms noise 135.4).

3D image, the TR at 6000 ms was selected, because the SNR and CNR were
higher than the lower TR values (SNR was 372.9 and CNR was 365.19). In this part
increasing of TR values results in decreasing noise. In addition, 3D MRCP in
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volunteers, the respiratory triggering was used. The constant TR value depends on an
appropriate pulse.

E. Number of signal average (NSA)

The NSA was similar to TR. The NSA is the number of times scan repeated
that cause of smoothing and improvement in the image quality. Table 4.14 and 4.15
the optimal NSA corresponding scan time was selected.

2D image, the NSA value at 2 was selected because of the SNR and CNR
showed the optimal values correspanding ithe scan time (SNR was 54.2, CNR was
53.18 and scan time for breath- hold 8 s). The noise decreased when NSA increased
(NSA 2, which noise 363.4).

3D image, the NSA4 was selected, because the SNR and CNR were higher
than the lower NSA values (SNR was 258.05 and CNR was250.51). The noise
decreased when NSA increased:

The optimal pafameters for MRE0.4 T is  shown in Table 4.16 and 4.17 to
achieve the good image guiality of MRCP imaging, the acquisition parameters will be
improved for healthy velunteers.

Table 4.16 The acquisition parameters of 2DAMRCP imaging for MR1 0.4 T (Open)

§d

Parameters = Setting value
Slice thickness 40 mm (Thick slab)
FOV 300 mm
Phase 288

R 5000 ms
NSA 2
Scan time 10s

*TE, Flip Anglefand bandwidth cannot;be changed:

Table 4.17 Thefacquisition parameters of 3D MRCP imaging for MRI 0.4 T (Open)

Pakameters Setting-value
Slice'thickness 2mm
FOV 300 mm
Phase 288
TR 6000 ms
NSA 4
Scan time 8.00 min

*TE, Flip Angle and bandwidth cannot be changed.
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4.4 Using MRCP protocols in volunteers.

From November to December 2010, ten adult healthy volunteers participated
in the study. After the ethical had been approved by both the Ethics Committee,
Faculty of Medicine, Chulalongkorn University and Rajavithi hospital, all volunteers
gave their written informed consent for the study protocol. The group consisted of 8
men and 2 women with an age range of 25-57 years (mean age 34.7 years). The
standard MRCP imaging protocols were determined for MRI 3.0 Tesla and the
protocol with the optimal image quality in phantom of MRCP imaging for MR1 0.4
Tesla were performed in ten healthy volunteers. Figures 4.4- 4.13 for ten volunteers
were shown (a and b were 2D and 3D images at 0.4 T and c and d at 3.0 T
respectively).

; :
() (b) - (0) (d)
Figure 4.4 Case No. 1 The MRCP |mag|ng 2D, 3D at MRI1 0.4 T (a),(b) and 2D, 3D

at 3.0 T (c),(d) respectively F/

(a) (b) (c) (d)
Figure 4.5 Case No.2 The MRCP'imaging 2D,3D at MR1 0.4 T (a),(b) and 2D, 3D at

3.0 T (c),(d) respectively

@ (b) (d)

Figure 4.6 Case No. 3 The MRCP imaging 2D, 3D at MRI1 0.4 T (a),(b) and 2D, 3D at
3.0 T (c),(d) respectively
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o

(d)

Figure 4.7 Case No. 4 The MRCP imaging 2D, 3D at MRI1 0.4 T (a),(b) and 2D, 3D
at 3.0 T (c),(d) respectively

(a) (O)F L © (d)
Figure 4.8 Case No. 5 The MRCP lmagmg 2D, 3D at MRI1 0.4 T (a),(b) and 2D, 3D

at 3.0 T (c),(d) respectively

(@) (b) (©) (d)

Figure 4.9 Case No. 6-The*MRCP-imaging 2D,"3b‘at MRI 04 T (a),(b) and 2D, 3D
at 3.0 T (c),(d) respectively

o

(a) (b) (©) (d)

Figure 4.10 Case No. 7 The MRCP imaging 2D, 3D at MRI1 0.4 T (a),(b) and 2D, 3D
at 3.0 T (c),(d) respectively
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.
(a) (b) (©) (d)

Figure 4.11 Case No. 8 The MRCP imaging 2D, 3D at MR1 0.4 T (a),(b) and 2D, 3D
at 3.0 T (c),(d) respectively

Figure 4.12 Case No. § Thé MRCP imaging 2D, 8D'at MRI 0.4 T (a),(b) and 2D, 3D
at 3.0 T (c),(d) respectively £y

Figure 4.13 Case No. 10 The MRCP imaging 2D, 3D at MRI 0.4, T (a),(b) and 2D,
3D at 3.0 T (€);(d)raspectively.

A. Quantitative assessment
The signal intensity at the common bile duct which passes through the head of

pancreas and standard deviation (SD) of liver as the noise was assessed for the
guantitative analysis of MRCP imaging. The mean signal and SD were calculated in
terms of SNR, CNR as shown in Table 4.18 for 2D and Table 4.19 for 3D images at
MRI 0.4 T and Table 4.20 and 4.21 for 2D and 3D images at MRI 3.0 T.
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Table 4.18 The data for quantitative assessment of 2D MRCP imaging in 10 healthy
volunteers at MR1 0.4 T

Case 0.4 Tesla
No.
Pixel value (ROI) SNR CNR
SI (CBD) Sl (Liver) SI (CBD) SI (CBD)-SI (Liver)
SD(Liver) SD (Liver)
Mean SD Mean SD
1 | 39907 | 4647 | 996.1 188.1 2121 15.92
2 | 6641.6 | 1246 | 1514.8 2453 27.08 20.90
3 | 48578 | 10882 .| 828.2 144% 33.50 27.87
4 | 84668 | 13283 |.800.9 153.9 54.98 49.87
5 | 41748 | 6108 998 1927 21.66 16.95
!
6 3079 2248 799 | 2014 1528 0.43
7 | 25529 | 2368 | 26017 200.7 25,35 22.76
8 | 54481 | 88ls |/ 12703 | 4133 13.18 10.11
9 | 49078 | 67410 8187 1485 33.05 2753
s T
10 | 34657 | 7318 | 867.7 2018/, 17.17 12.87

™

Table 4.19 The data for quantitative assessment of 3D MRCP imaging in 10 healthy
volunteers at MR1 0.4.T

Case 0.4 Tesla
NO.

Rixel value (ROI) SNR CNR

SI'(CBD) SI (Liver) SI(CBD),| | SI(CBD)-SI (Liver)
SD(Liver) SD (Liver)
Mean SD Mean SD

1 166139 13355 1052.8 1053 1572.17 147.21
2 10674.9 3917 9297 79.1 135:01 123.25
3 15527.1 1668.5 799.2 107.9 143.96 136.55
4 26283.9 973.4 1520.2 129.7 202.6 190.90
5 12315.8 1664.2 1325.8 106.2 115.92 103.45
6 10503.2 1083.3 732.3 68.3 153.86 143.13
7 8695.2 408.9 600.9 324 268.21 249.67
8 20075.4 1848.2 1172.9 79.8 251.63 236.93
9 13525.7 450.1 858.0 65.5 206.56 193.46
10 10873.7 205.2 649.1 84.9 128.11 120.46




51

Table 4.20 The data for quantitative assessment of 2D MRCP imaging in 10 healthy
volunteersat MRI 3.0 T

Case 3.0 Tesla
No.

Pixel value (ROI) SNR CNR

SI (CBD) SI (Liver) SI(CBD) | SI(CBD)-SI (Liver)
SD(Liver) SD (Liver)
Mean SD Mean SD

1 295.3 29.5 45 26 114.45 112.68
2 314.1 31.1 5y 2.9 105.76 103.84
3 241.1 79.4 46 ¥ 15 157.10 154.12
4 339.0 574 4.7 2.5 136.70 134.73
5 339.4 135 58 L \\25 134.16 131.89
6 458.2 40.4 10.9 T 45s 100.05 98.54
7 355.5 59.1 22 —18 199.71 198.45
8 139.8 58.2 5.3 1.9 74.36 71.53
9 1905 317 4.6 0 26 73.26 7150
10 | 2464 | 784 267 TR 86.93 87.06

vl

cud dd

Table 4.21 The data for quantitative assessﬁjrit of 3D MRCP imaging in 10 healthy

volunteers at MRI 3.0 T et -
Case 3.0 Tesla
NO.
Pixel value (ROI) SNR CNR
Sh(CBD) Sl (Liver) SI(CBDY, | SI(CBD)-SI (Liver)
SD(Liver) SD (Liver)
Mean SD Mean SD
1 630.9 66.3 172 2.3 279.16 272.02
2 510.2 65.9 16.0 2.1 25197 244.06
3 583.1 57.7 20.6 2.4 243.04 234.46
4 578.5 24.4 16.8 2.1 270.82 262.95
5 429.09 51.9 16.2 1.79 240.25 231.16
6 550.3 735 16.0 1.87 294.11 285.56
7 512.5 43.8 24.6 2.3 219.95 209.39
8 409.8 34.8 23 3.85 106.43 100.46
9 451.6 57.7 14.1 1.5 309.33 299.64
10 763.1 68.4 27.1 3.2 235.5 218.81
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From Table 4.18 — 4.21 the quantitative assessment by measurement of SNR
and CNR values were illustrated the summarized values by comparison the signal
intensity between performed at MRI 0.4 T and 3.0 T as shown in Table 4.22 and
Figure 4.14

Table 4.22 The SNR and CNR of previous and optimal protocols of 2D and 3D
MRCP imaging 0.4 T compared to 3.0 T in duct phantom study

Proto- SNR CNR
cols
04T 30T p-value
previous | 89.18% 0.0009
2D 125 167.41+
Optimal | 102.08+ 4.1 0.0016
2D 5.92
previous | 239.12+ 0.0029
3D 33.9 540.53+
Optimal | 345.65+ 23.1 0.0028
3D 34.37
SNR optimal protocols i ‘e C timal protocols 0.4 T
M pre . evious/0.4 T
ggg M optimal/0.4 T 500 optimal/0.4 T
30T 450
. 288 ¢ 4400 30T
350 | ‘ ‘
N 300
R 230 g 250
208 ‘ 200,
. 313
2D 3D 0 ' '
2D 3D

Figure 4.14 The comparison of SNR, CNR for previous and optimal protocols 0.4 T
and 3.0 T of 2D and 3D MRCP imaging in phantom study
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Table 4.23 The SNR and CNR of 2D and 3D MRCP imaging in 10 healthy
volunteers

Protocols SNR CNR
04T 30T p-value 04T 30T p-value
1)
26.25 118. 25\1\] 7)1 2233 116.46 | 0.000009
+ + +
2D 11.61 {65\, [ //dh—n.% 39.66
e —
3D 06 235.85 0.016
+
55.7
3D MRCP .
m04T
120
87 Z
P v
80 + ’ -
i a 70 1 % —
x 1 91 % ——
1 Zz =
e u 80 ‘ ||
- EX s =
i3z s

SNR CNR

=1,

Figure 4.15 The comparisen of SNR, CNR.at 0.4 T and 3.0 T of 2D and 3D MRCP

maging in terf@rfeR] ) 91 ﬂ NInNeINg

B. Quallta%l/e assessment

ARSI I, s

analyzed consist of gall bladder, right hepatic duct, left hepatic duct, common
hepatic duct, common bile duct, cystic duct and pancreatic duct. Five-point scale was
used to assess the image appearance as shown in Table 4.24 for 2D images and Table
4.25 for 3D images respectively. The bar chart of figure 4.16 and 4.17 showed the
image quality between at 0.4 T and 3.0 T of 2D and 3D MRCP imaging for
visualization of each ducts.




Table 4.24 The 2D MRCP image quality scored by one radiologist with 2 readings
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RHD (Right hepatic duct),
bladder), CyD (Cysticd

w ® O © 3 —

S
C
o
r

Ima

Structure Scores P-value Scores P-value
of ducts (¢D)] 2
2D04T | 2D30T 2D04T | 2D30T
RHD 1+0.81 2.3x1.17 | 0.00087 1.4+1.07 3.2+0.78 0.00018
LHD 1.2240.48 | 2.66+0.78 | 0.000043 | 1.7+0.94 3.2+0.78 0.00004
CHD 2.0+0.94 3.310.82‘ | \o'o[»o 9 1.9+0.99 3.4+0.84 0.00043
GB 2.7+1.15 3.7+0;~a_4__\ »},\,‘)7’ 2.4+0.69 3.840.63 | 0.000006
CyD 0.69+0.4 Dgﬁ,_ 0.015% _r;).eg 1.7+41.33 0.011
CBD 1.1£0.74 8x oiﬁoooﬁ 6+1.07 3.4+0.84 0.0025
PaD 0.55£0.70 149 - .-—m7 23133 | 0.0012

COOO RREEE NNNN Wwww
Eoon—lw.bmoomw.bmoowwhmoo

RHD LHD CHD Gf CyD CBD

M Image quality score(1) 2D

Image quality score(1) 2D
04T

30T

nage quality score(2) 2D

e quality score(2) 2D

0T

n7

SN i S INYA Y

-
\ (Common hepatic duct), GB (Gall
), Pab (Pancreatic duct)

Figure 4.16 The comparison of scores on 2D MRCP imaging structure of ducts with

2 readings
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The consistency image quality scored by one radiologist was assessed by
calculating intra-class correlation coefficients (ICC) for the 7 ducts structure. ICCs
were calculated using the image quality score of the 2 readings for one observer. The
data of ICCs is shown in table 4.25 for 2D 0.4 Tand 2D 3.0 T.

Table 4.25 The ICCs of image quality scored by one radiologist with 2 readings

ICCs
Structure of ducts 2D04T 2D30T

RHD 0.61 0.77
LHD 0.61 0.78
CHD 074 0.76
GB 0.75 0.92
CyD 10.68 0.80
CBD 0.83 0.85
PaD 0.69 0.71

The intra-observer«of dmage quality score showed moderate up to high
agreement. ICCs for inira-obsepver agreé_ment from table 4.25 were 0.61 at RHD and
LHD for 2D 0.4 T and 0,92 af GB/for2D:3.0 T whereas in table 4.27 the lowest value
as showed at GB for 3D 0.4 T (0.64) and t_,heahighest at GB for 3D 3.0 T also (1.0).

Table 4.26 The 3D MRCP image quality Sf}_qrgd by one radiologist with 2 readings

Structure | Image quality scores P-vélue Image quality scores | P-value
of ducts (1) ‘ (2)
3D04T | 3D3.0T - .| 3D04T | 3D30T
RHD 2.33+0.82 2.7+0.67 013 | 302081 3.4+0.69 0.13
LHD 2.33+0.82- 2.8+0.63 0.15 3:1+0:87~ 3.4+0.69 0.21
CHD 3.40+0.69 3.2+0.91 0.17 3.610:51 3.2+0.63 0.18
GB 3.90+0.31°| 3.80+0.63 0.33 3.7+0.48 3.8+0.63 0.36
CyD 2.20+1.47 261+1.17 0.17 2.2+1.54 2.8+1.13 0.08
CBD 3.301+0:94 3.310.67 0.5 3.6+0.96 3.7+0.48 0.39
PaD 1.240.91 2.141.19 0.05 1.0+1.05 2.5+1.26 0.01

RHD (Right hepatic.duct), LHD-(Left hepatic duct), CHD (Common figpatic duct), GB (Gall
bladder), CyD (Cystic'duct), CBD{Comimonbile duct), PaD (Pancreatic duct)
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Image quality score for 3D MRCP imaging
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Figure 4.17 The score

. aging structure of ducts of 2
readings by one radiologi

Table 4.27 The ICCs of inlage quality 'of 2 readi gré by one radiologist

Structure of ducts 3D30T

RHD 0.75

LHD 0.70

0.75

1.00

0.68

0.68

0.78

The overaII |m uallty was the averagl:score of structure of ducts for each

case. gdjqﬁﬁ]‘or bﬂﬁ ﬂe@ ages. The bar

chart (quure 4 18 ows t e overall image quality at strengths of 2D and
3D MRCP imaging.
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Table 4.28 The overall image quality of MRCP imaging for 2D for both field

strengths
Case No. | Overall image scores | P-value | Overall image scores | P-value
1
2D04T )2D 30T 2D04T | 2D30T
1 0.42+0.53 | 1.57+0.53 0.002 0.14+0.37 2.42+0.78 0.0003
2 1.71#0.95 | 3.0x1.15 0.0002 2.14+1.46 3.83+1.49 0.007
3 1.28+1.11 | 2.42+1.27 0.002 1.14+1.06 3.28+1.11 0.0009
4 1.14+1.34 | 2.14+1.34 0.03 1.14+0.89 2.85+1.21 0.0015
5 2.5740.97 | 3.14:0.89 0.05 2.71+0.48 2.85+0.69 0.048
6 11 2+1 0.001 1+0.92 2.28+1.38 0.017
7 1.14+0.69 | “8.71+0.48 | 0.00007 1142+0.97 3.85£0.37 | 0.00009
8 1.29+1.25 | 2.0£852 0.047 1.66+1.13 2.57+1.39 0.007
9 1+1.15 30+ 14 0,0018 1+0.87 3.14+1.46 0.0017
10 1.43+0.81 " 3.48+0:53 0.0003 2+1.15 3.42+0.78 0.001
Average | 13055 | #2.64%0.71 0.00@047 1,4340,72 3.04£0.52 | 0.00002

The different of image score betwée_n 0.4 T and 3.0 T for 2D MRCP imaging
showed the p-values lesser than Q.05 in table 4.28 whereas in table 4.29 for 3D
MRCP imaging showed the average overall |ma}ge quality which p-values greater than
0.05 are significantly different.

Table 4.29 The overall |mage quallty of MRCP |mag|ng for 3D for both field

strengths
Case No. | Overall image scores | P-value | Overall image scores | P-value
1
3D04T )3D 3.0.T 3D04T [.3D30T

1 271111 (| | 3.28+0.48 0.05 3+1.41 3.57+0.53 0.13
2 2.57+1.39 | 3.42+0.53 0.023 3.14+1.46 | 3.57+0.78 0.09
3 1744149 fh 2854107 0.002 1.87+1.46 | A 3:42+0.78 0.016
4 2.42+10118 | 12574127 0.38 31 31141 0.5
5 3.710.75 | 2.43%0.78 0.086 3.85+0.37 3.14+0.69 0.41
6 3.0+0.81 | 3.42#0.53 0.09 3.14+1.06 | 3.71x0.48 0.11
7 3.0+0.57 3.0+0.57 05 3.1440.89 4+0 0.022
8 257+151 | 2.42+1.13 0.38 2.14+167 | 2.71x0.95 0.08
9 2.28+1.79 | 3.43+0.53 0.03 2424139 | 3.42+053 0.01
10 2.71+0.75 | 1.42+0.78 0.22 3.28+0.95 1.85+0.69 0.81

Average | 267052 | 293+0.64 0.15 2.89+0.58 | 3.39x0.61 0.12
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Overall Image quality
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CHAPTER V
DISCUSSION AND CONCLUSION

5.1 Discussion

MRI is a digital, three-dimensional imaging modality of great flexibility with
respect to image contrast and its spatial characteristics. However, one of the
downsides of this flexibility is a greater complexity in terms of the choice of scanning
parameters. In general, the scan time is not negligible and there is a certain tendency
towards artifact. However, it was agreed that.the fundamental limitation in MRI is the
signal-to-noise ratio (SNR) which depends<onrthe hardware, particularly the main
field strength and radiofrequency (RF) coils, the relaxation properties of tissue and the
choice of sequence parameters. Good glimage quality is dependent on selecting the
proper parameters. Thereforey the aim of this study Is to investigate the influence of
acquisition parameters-on the‘image guality and the practical trade-offs between SNR,
CNR and spatial resolutions The characteristics of MRCP images were studied to
obtain the optimal parameterswith the suitable scan time.

5.1.1 Characteristics of MRCP ima‘ging In phantom study
A. Evaluation of the spatial resolutibn in MRCP images using a duct phantom.

The characteristics of the MRCP ifﬁ_’afges were studied by the investigation of
spatial resolution, image noise,"SNR and CI&_I_R’.j"The spatial resolution is evaluated by
imaging of the plastic tube duct phantom diameter.2.0 mm.

From this study-the-MREP-ifmages-of-duci-phantom from coronal 2D showed a
shorter FWHM than 3D, of both field strengths as in Table 5.1

Table 5.1 The FWHM of 2D and 3D MRCP imaging in duct phantom for 0.4 T

FWHM, (mm)
Field strength (T) 2D image 3D image
0.4 25 29

As the result on Table 5.1, the signal intensity on 2D image is less than on 3D image
(Figure 5.1).



(a)
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(b)
Figure 5.1 The signal intensity in duct phantom 2D (a) and 3D (b) images, 0.4 T.

Figure 5.1 shows different signal intensity between 2D and 3D images. The
normalized profile curves.were Created across the duct to measure the FWHM at point

A as in figure 5.2 and Table5 .k
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Figure 5.2 The normalized FWHM-of 2D and 3D Iimagesfor 0:4 T

Figure .5.2-shaws. the .corresponding, FWHM,, determined, at a half of

normalized values (0.5) at point A.

As the duct in phantom contained only saline, T2 weighted pulse sequence
showed hyper signal intensity (brightness in T2) on the 2D and 3D images. The 2D
MRCP protocol resulted in the signal which could express only the effect T2
weighted while 3D MRCP provides for both T2 weighted and including intrinsically
contiguous sections to reconstruct images in MIP (Maximum intensity projection).
Volumetric acquisition itself boosts the signal-to-noise ratio. As each excitation
covers the entire volume, every phase-encoding step essentially adds average signal,
which results in an increase signal- to-noise ratio by the square root of the number of
sections. Thus, the 3D image has shown higher signal than at 2D image.
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B. Signal to noise ratio (SNR), contrast to noise ratio (CNR) and image noise
for MRCP imaging.

Variation of the slice thickness

SNR&CNR as function of slice
thickness Noise as function of slice thickness
180
200
160 it 180 —4—noise
s 140 ' 160 ‘\.\
N 120 X140 X
R e 120
- 100 LN
€ 60
N 40
R 20
0 I T T T 1
. 2 4
0 10 20 30 40 (? 0 60 &0
Thickness { Thickness (mm)
(B)
. Jmd . .
Figure 5.3 The SNR & C (B) as function of slice thickness on 2D
coronal plane MRCP i
As the slice thi al intensity increased, the noise
decreased and the SNR i pact of partial volume effect also
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Figure 5.4 The SNR & CNR (A) and noise (B) as function of FOV on 2D and 3D
coronal plane MRCP imaging at MR1 0.4 T
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Increasing the FOV without changing the matrix size resulted in the in-plane
pixels bigger, more signal strength. Spatial resolution is poorer and the image
appeared smaller, surrounded by larger area of background [16]. Figure 5.4 (A) shows
the increasing SNR and CNR with increasing FOV up to 340 mm. As the FOV is 360
mm the noise increased resulted in decreasing SNR and CNR.

Variation of number of phase encoding (matrix)

The statistical variation in the pixel value of signal and background at different
phases resulting in the fluctuation of SNR; ENR and noise at phase 288 and 320 for
MRI 0.4 T. Equation (2) and (3) in chapter1l.shows SNR depend on the square root
of NSA, number of phase enceding over bandwidth and other parameters by NSA or
phase encode doubles, signal.double and noise ineieases (randomly) by V2 [17].

FOV is kept constaniwith increasing number of phase encoding, the noise,
SNR and CNR show staistical flucttation. Table 5.2 shows SNR and CNR decreased
at phase 192 to 256 and'inereased at phase 288 and 320, due to the automatic
reconstruction of the seftware 0.4 T.~When number of phase encoding is higher than
256, matrix 512 will be used. -

Table 5.2 The noise, SNR and CNR‘--at'-Various phase numbers for 2D image at

04T dia
Phase syringe Bkg — SNR CNR
mean SD mean SD ; Si (syr) SI (syn)-SI (bk

: (Noise) SD (bkg) SD (bkg)

192 16023.1 | 1094.7 | 380.1 Avaes 90.27 88.13

256 14539.1 | 1064.5 | 403.1 | 169.1 85.99 83.61

288 1471971 (¢ 440.1 (7298.:8 |» 137;3 107.20 105.02

320 14704,1 | 759.8 | 390.4 | 150.9 97.44 94.85

When matrix size is increasing to 512, phase number increasing, SNR signal
increased.
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5.1.2 Evaluation of the SNR, CNR for MRI 0.4 T and 3.0 T (Quantitative
assessment)

Table 5.3 SNR, CNR using optimal 2D protocol for 0.4 T compared to 3.0 T in
phantom

Parameters 2D
SNR CNR
04T 30T |[3004T | 04T 30T 3.0/0.4T

Slice 146.03 | 169.62 116 143.17 | 167.41 1.16
thickness
(40 mm)

FOV 102.53%" 16962 1.65 10048 | 167.41 1.66

phase 107.20" | 46962 1.58 105.02 | 167.41 1.59

TR 105.15 | 169.62 1.61 102.7 167.41 1.63

NSA 89.95" | 169.62 1.88. 87.68 167.41 1.91

Table 5.4 SNR and CNR using opttmal 3D, protacol for 0.4T compared to 3.0T in
phantom iy

Parameters 8D

SNR CNR

04T S0k 3.004T | 04T 30T 3.0/0.4T

Slice 258.05 | /542.42 2.10 250.51 | 540.53 2.15
thickness
(2mm)
FOV 204.47 | 542.42 2.65 199.76 | 540.53 2.70

phagse 32429 || 542.42 1.67 312/56 || 540.53 1.72
TR 372.9 542.42 1.45 365.19 | 540.53 1.48
NSA 258.05 | 542.42 2.10 250.51 | 540.53 2.15

Table 5.3 and 5.4 show the ratio of SNR and CNR between 3.0 Tand 0.4 T in
phantom study. All parameters at 3.0 T shows ratio of SNR and CNR greater than 1 at
04T.
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Table 5.5 Comparison of 2D MRCP imaging for SNR, CNR at 0.4T with 3.0 T in

volunteers
Case No. 2D
SNR CNR
04T 30T |3.0/04T 04T 30T 3.0/04T
1 21.21 114.45 5.39 15.92 112.68 7.07
2 27.08 105.76 3.90 20.90 103.84 4.96
3 33.59 157.10 4.67 27.87 154.12 5.52
4 54.98 136.70 2.48 49.87 134.73 2.70
5 21.66 134.16 6.19 16.95 131.89 7.78
6 15.28 100.05 16.54 9.43 98.54 10.4
7 25.35 19971 7.87 22.76 198.45 8.71
8 13.18 74.36 5.64 10.11 71.53 7.07
9 33.05 78.26 12.21 b3 71.50 2.59
10 17.17 86.93 5.06 12.87 87.06 8.76

Table 5.6 Comparison of 3D MRC

P iméging for SNR, CNR at 0.4T with 3.0 T in

volunteers -
-
Case No. SNR =9 CNR
04T 3011 3.0/04F1+. 04T 30T 3.004T
1 15737 279.16 1.77 147.21 272.02 1.84
2 135.04 251.97 1.86 3 .2b 244.06 1.98
3 143.96 243.04 1.68 136.55 234.46 1.71
4 202.6 270.82 1.33 190.90 262.95 1.37
5 115,92 240.25 2.07 103.45 231.16 2.23
6 153.86 294.11 191 143.13 285.56 1.99
7 268.21 219.95 0.82 249.67 209:39 0.83
8 251.63 10643 0.42 236.93 100.46 0.42
9 206.56 309.33 1.49 193.46 299.64 1.54
10 128.11 235.5 1.83 120.46 218.81 1.81

Table 5.5 and 5.6show the ratio between SNR and CNR of MR1 3.0 T and 0.4
T in volunteers. The data shows higher ratio of SNR and CNR in 2D of 3.0 T than at
0.4 T where 3D protocol at case No. 7 and No. 8, the ratio of SNR and CNR are less
than 1 in 3.0/0.4 T. The 2D MRCP imaging in case No.7 at 3.0 T shows higher ratio
than at 0.4 T of 8 times for SNR and 10 times in case No. 6 for CNR.
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Table 5.7 The average SNR and CNR of 2D and 3D MRCP imaging in 10 healthy

volunteers
protocols SNR CNR
04T 30T 04T 30T
2D 26.25 118.25 22.33 116.46
3D 176.31 245.06 164.50 235.85

Table 5.7 shows the higher SNR and.CNR of 3D imaging than 2D imaging.
From equation (2) and (3) in chapter I1.

NSAxNumber of phase (y)

VBandwidt h
fieldx reconstruction algorithms'; wvherely is phase encoding in the y direction .

2D SNR a Sequencexvoxelys™ xcoil typex magnetic

\/NSAXIVumber of phase (y,z)

'V Bandwidt h
fieldx reconstruction algorithms ; where y and z are phase encoding in y and z

direction.

3D SNR a Sequencexvoxelgy , X xcoil typex magnetic

In 3D imaging, the factors contributing to SNR are the same as in 2D imaging
including phase encoding In the-z dlrect|on w‘mch resulting the higher SNR in 3D
imaging than 2D imaging. -

5.1.3 Image quality assessment-by-radiofogist for £0-ndrmal volunteers of MRCP
imaging (Qualitative assessment)

Table 5.8 The overall image quality average scores of MRCP 3D for both field
strengths

Overall image score | P-value Overall image score P-value
1) ()
Average | 3D 04T, 3D 30T 3D04AT“13D30T
score . 1'2.67+0.52 | 2.93+0.64 0.15 2.89+0.58 | 3.39+0.61 0.12

Table 5.8 shows the average score for 10 volunteers by radiologist with 2
readings, the p-value >0.05. There is no significantly different in scoring image
quality between 0.4 and 3.0T. Factors concerned the image quality are the different
acquisition time for volunteers, the distance between two sites and different signal
intensity in biliary system as shown in figure 5.5 and 5.6.
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1
1
2 2

(a) (b)
Figure 5.5 The 3D MRCP imaging of case/Ne.5y(a) at 0.4 T and (b) at 3.0 T

1
1
2
2

() 4 (b)
Figure 5.6 The 3D MRCP |mag|ng of case Ne 8,(@at0.4Tand(b)at3.0T

.u

From figure 5.5 the pomt number 1 sﬁows the different signal in left hepatic
duct and number 2 shows the different size of gaII bladder,whereas figure 5.6 shows
the different size of gali-biadder-{number-1)-and-difierent S|gnal in common bile duct
(number 2) .

The intra-class correlation coefficients (ICC) for the 7 ducts structure

Table 5.9 The'ICCs'0f:2D image quality'score'of 2-readings by one radiologist

ICCs
Structure ofducts 2D04AT 2D3.0T
RHD 0.61 0.77
LHD 0.61 0.78
GB 0.75 0.92

As in table 5.9 the intra-observer of image quality score shows moderate
agreement values (0.61) at RHD and LHD for 2D 0.4 T. The highest ICCs at GB for
2D 3.0 T also (0.92).
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Table 5.10 The ICCs of 3D image quality score of 2 readings by one radiologist

ICCs
Structure of ducts 3D04T 3D30T
RHD 0.66 0.75
LHD 0.69 0.70
GB 0.64 1.00
CBD 0.87 0.68

Table 5.10 shows the intra-observer ofimage quality score of moderate
agreement value (0.64) at GB for 3D 0i4 T. The same as on 3D image, the highest
ICCs at GB for 3D 3.0 T alse(1.0).

The intra-class*corrglation coefficient is the intra- observer agreement which
values between 0 tol. The highestvalue is 1.0 expresses the consistency agreement of
observer. This study showed the' moderate 1CCs values on some small ducts whereas
the large part, for example at gall'bladder showed a high ICCs value of an observer in
this study. ’

5.1.4 Determination of optimal-parameters for MRCP imaging protocols.

Three factors determined whether :'a-_particular detail or structure can be
visualized in MRCP _Images. Clearly there needs to be eontrast between the structure
of ducts and its surroundings. Second, If the resolution’ is insufficient, information
about the object will not be transferred into the image by the image formation process.
Third, if SNR and CNR are too low, the details of the structure may be obscured by
image noise.

In chapter IV, optimal protocols of MRCP limaging, ‘aré affected by the choice
of slice thickness, FOV, matrix size; TR and NSA. If the slice is.thicker, the SNR is
better but theresolution isreduced. Ifithe slice isthiny the:SNR istoo low to visualize
the detail. As well'as FOV, TR and'NSA, ‘if'these‘factors-increase the'SNR and CNR
increase follow whereas the scan time will increase also. For example of
determination of the optimal protocols in this study as in Table 5.11 shows the
optimal slice thickness.
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Table 5.11The resolution (FWHM), SNR and CNR for optimal slice thickness MRCP

imaging MRI1 0.4 T

Thickness (mm) FWHM (mm) SNR CNR
2D 3D 2D 3D 2D 3D 2D 3D
20 2 2.6 2.8 91.18 258.05 88.84 250.51
30 3 2.6 2.8 100.14 | 261.30 98.02 254.97
40 4 2.8 2.9 146.03 | 352.70 | 143.17 | 344.68

From table 5.11, 40 mm slice_thickness was selected for 2D because of in
MRCP imaging of 2D thick-slah, the coverage anatomical region of every branch of
ducts are considered in spite"of.the resolution decrease from 2.6 at 20 mm to 2.8 mm
whereas for 3D image was'sglected at 2 mm with the reason of the thin slice was
better resolution at small branches for MIP images reconstruction. According to thin
slice expresses the better regsolution but‘fhe reasonable SNR and CNR should be
considered for large branches also. The dﬁffe;ent of diameter of ducts in biliary system
for example small branech pangreatic duct and large branch common bile duct, the
selecting optimal protocols in' this study were selected at the optimal SNR, CNR,
resolution including the apprepriate scan tine.

The same argument is triie for in plane changes although the pixel dimensions
are generally smaller. An important stage in' image optimization therefore is to decide
on the trade-off required between the voxel size required for an adequate SNR and the
requirement for the Voxel size to be small enough to permit the visualization of small
anatomical or pathological details.
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5.2 Conclusions
5.2.1 The optimal parameters setting for protocols of MRCP imaging at 0.4 T

From the primary research question: What are the optimal MRI protocols for
MRCP imaging acquired by MRI 0.4 Tesla (Open) in comparison to MRI 3.0 Tesla?
Therefore the optimal acquisition parameters of MRCP imaging were shown in Table
5.12.

Table 5.12 The acquisition parameters of 2D and 3D MRCP imaging for MR1 0.4 T
(Open) comparedto 3.0 T

Parameters 2D 3D
04T 4 30T 04T 30T
Plane coronal coronal coronal coronal
Pulse sequences FSE breath- | SSh-MRCP Heavily HR-
hold Rad TSE T2W FSE SENSE
T2W TSE
TR 5,000 ms: 4| 5,640 ms 6,000 ms 2,340 ms
*TE (fixed) 912 ms. 740 ms 540 ms 740 ms
*FA (fixed) Q0L I 4% 90 90 90
Slice thickness 40 mm 5| 40 mm 2 mm 2 mm
FOV 300 mm/~“4 %300 mm 300 mm 300 mm
Gap (interval) 0 ¥, 0 0 0
Number of Phase 288 =77, 256 288 256
Number of Frequency 256 - 256 256 255
NSA 2 fr=-1 4 1
Scan time 10s 5s 8.00 min 3.39 min
*Bandwidth (fixed) 30.5 kHz 375.6 47.8 kHz 223.4
Hz/pixel Hz/pixel
Option - - Respiratory | Respiratory
gating gating

*TE, Bandwidthsand Flip Angle cannot be changed.

5.2.2 Quantitative:and: qualitative assessmentsin MRCP imagingat 0.4 T and 3.0
T

A. Quantitative assessment
From the secondary research question: What are the image quality (spatial
resolution and SNR) for MRI 0.4 Tesla (Open) and 3.0 Tesla in phantom study?

The image quality as described for quantitative assessment of spatial resolution,
SNR and CNR are summarized using statistical variation to compare 0.4 T and 3.0T
as shown in Table 5.13, 5.14 and 5.15.




Table 5.13 The spatial resolution (FWHM) of 2D and 3D MRCP imaging in duct
phantom 2.0 mm diameter

FWHM (mm)
Field strengths (T) 2D image 3D image
0.4 2.5 2.9
3.0 2.1 2.3

Table 5.13 shows MRI 3.0 T has bet
imaging than MR10.4 T.

Table 5.14 Mean SNR andCNR of 2D and 3D imaging in phantom study

ter spaual resolution for both 2D and 3D

]

Proto- SNR CNR
cols |
04T 30T pvalue 0.4T 30T | p-value
previous | 89.18% 0,0026 87.05+ | 16741+ | 0.0009
2D 125 169,62+ 8.1
e, 41
Optimal | 102.08% -2 00013 100.04+ 0.0016
previous | 239.12+ 00033 | 23236z 0.0029
3D 33.9 547 49+ T 311 540.53+
Optimal | 345.65% 22.9 0.0022 336.26+ 23.1 0.0028
3D 3437 26.70

Table 5.15 Mean SNR

and CNR of 2D, and 3D MRCP

imaging in 10 healthy

volunteers
Pro- SNR CNR
tocols

047 30T p-value 04T 30T p-value
26.25 118.25 0.00001 22.33 116.46 0.000009

2D + + + +
11.61 37.65 11.93 39.66

3D 176.31 245.06 0.021 164.50 235.85 0.016

+ + + +

53.04 53.27 50.78 55.7

Table 5.14 and 5.15 show MRI 3.0 T has significantly potential to provide better SNR

and CNR for both 2D and 3D imaging than MRI1 0.4 T (Open) (p-value <0.05).
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B. Qualitative assessment

The qualitative assessment with 2 readings by one radiologist is summarized for
all scores of ducts visibility including the overall image quality by overall image
quality as shown in Table 5.16.

Table 5.16The overall image quality score with 2 readings in volunteers by one
radiologist

Pro- Image quality scores p-value Image quality scores | p-value
tocols (1) (2)
04T 30T 04T 30T
2D 1.3+0.55 | 2.64£0.71 0.000047"_|-2.43+0.72 | 3.04+0.52 | 0.00002
3D | 2.67+0.52 | 2.:93+0.04 0.15 2.89+0.58 | 3.39+0.61 0.12

2D SSh MRCP Rad TSEat 3.0 T provided improvement diagnostic images of
the all ducts while ai#0.4'T 2D breath=hold ESE cannot be displayed the same
information sufficiently (p-valug<0.05) whereas at 0.4 T 3D heavily T2W FSE MRCP
imaging with optimal protgcols show reasenable image quality as well as 3D High
resolution SENSE T2W TSE imaging which all ducts were not significant different in
image quality by radiologist for 2 readingS"(pfvaIue > 0.05) except at pancreatic duct
(p-value < 0.05). For overall“image quality, 2D MRCP imaging at 3.0 T was
significant improvement than 0.4 T (p-value <.0.05) except 3D imaging (p-value
>0.05) showing no significantly different between 0.4/and 3.0 T. Therefore, the
MRCP imaging at (04 T could bé beneficial in~adding lup the confidence at 3D
images.

With these conclusions:

e MR 3.0°T has better spatial resolution, SNR and CNR in phantom and
SNR and CNR in volunteers than MR1 0.4 T.

.. MRL.3.0, T_shows.the qualitative analysis significantly different for 2D
breath-hold sequence than MRI10.4,T.

e MRI 3.0 T provided different significant diagnostic 3D MRCP image
and better visualization of pancreatic duct than optimal 3D MRCP
protocol MRI1 0.4 T.

Although the result is not statistical significantly analysis in 3D image of
overall image quality but several processing studies show that MRI1 3.0 T is superior
to MRI 0.4 T. As the research hypothesis is that the image quality obtained from MRI
3.0 Tesla is better than MRI 0.4Tesla (Open) on both phantom and MRCP imaging is
proved.
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Appendix A: Data Sheet quantitative Image quality

The data sheet for quantitative assessment of MRCP imaging

75

Protocol. ...
Magnetic 0.4 Tesla( Hitachi : Aperto )
field
Pixel value (ROI) SNR CNR
Sl SI(CBD) | SI(CBD)-SI (Liver)
(CBD) SD (Liver) SD (Liver)
Case | Mean
No.
1
2
3
4
5
6
7 e
[ 1 v o
“ﬂ‘iﬂ’] ANTIATUAWRTIPNE 8L
9
10
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The data sheet for quantitative assessment of MRCP imaging

Protocol. ...
Magnetic 3.0 Tesla (Philips: Achieva TX)
field
Pixel value (ROI) SNR CNR
SI (CBD) Sl (Liver) SI(CBD) | SI(CBD)-SI(Liver)
SD (Liver) SD (Liver)
Mean | SD

Case
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The data sheet for qualitative assessment of MRCP imaging for ... D at.... T
PrOtOCOIS. . ettt

Case NO...ccoevvennn...

Structures of ducts Preference score Remark

4 3 2 1 0

1.Right hepatic duct

2.Left hepatic duct

3.Common hepatic duct

4.Gall bladder

5.Cystic duct :

6.Common bile duct

7.Pancreatic duct

Scales

4= very good (diagnostic=image quality, avisualize structures with homogenous of
ducts)

3= good (still 'diagnostie, visualize-structures with‘inhomogeneous of ducts)

2= moderate (partly diagnostic)

1= poor, (harely-diagnostie)

0= non‘diagnostic (lacking enhancement of the ducts)

Comments



Appendix B:The performance test of MRI Scanners

Report of MRI system performance study

Location: MRI center, Sirinthorn building floor 1, Rajavithi Hospital
Date: 28 July 2010
Manufacturer: MRI 0.4 Tesla (Open), Hitachi: Aperto

Location: MRI center, Apuntree-Pacha building Floor 1, King Chulalongkorn
Memorial Hospital

Date: 7 August 2010

Manufacturer: MRI 3.0 Tesla, Philips:/Achieva TX

Quality control of MRI scannegs were performed according to AAPM protocol report
No. 28, 34, and Magphan manual.as follows:

Image uniformity ;

Sensitometry (MRinumber) (| &

High contrast reselution ",

Low contrast sensitivity - « '

Slice geometry (shice width) . £

Geometric distortion'(spatial linearity) f-_,j_;

Slice position/Separation =l

OOoooOooo

Materials s -
1. Magphan phaatom o

Figure 1. Magphan phantom
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Image uniformity

Purpose

Method

Results

To test the ability of the MR imaging system to produce a constant
signal response throughout the scanned volume when the object is
being imaged with homogeneous MR characteristics.

A Magphan homogeneous phantom is used. Two liquid bath options
are available, test cube plane 2 and the Magphan housing without the
test cube and support disk (Figure 11). Employ a pulse sequence with
the following parameters: TR = 1000 ms, TE = 30 ms, single echo,
slice thickness = 10 mm or less;

Place an ROl at the center of the image of the signal producing
volume, enclosing-at least 75% of the Tmage, excluding regions near
the edgesDetermine the, maximum (Smax) and minimum (Smin) pixel
values within the ROI. Calculate the percent integral uniformity (PIU)
as follewingeequation;

PIU = [~ (Shaxd™ Swiin) / (Shat Smin)] % 100 %

Smax 1S maximum: pixel valﬁes within the ROI, Syin IS minimum pixel
values within the ROL The integral uniformity should be typically 80
% or better. =4

Magneticfield strengths | PIU (%) Acceptance decision

0.4 Tesla 93.33 Pass

3.0 Tesla 96.30 Pass

S

(A) (B)

Figure I1. (A) Test cube plane 2 and (B) Magphan phantom housing.
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Sensitometry (MRI number)

Purpose

Method

To measure the mean pixel value (ROI) in four sensitometric vials.

Since, the same parameters from image uniformity test. Four
sensitometric targets vials are found in the top scan plane of the
Magphan test cube. Four solutions with known systematical varied
concentrations can be used. The results are only recording each vial
daily a log of MRI number reproducibility can be established.

Figure I11. Four sensitometric target vi'é{.[s',ip_‘the top scan plane of the Magphan
test cube.
Results
Magnetic Vials Mean Mean Mean | Mean Mean
field Dayl | Day2 | Day3 | Day4 | Day5
strengths
0.4 Tesla 1 17261.2 | 17342.8 1 17218.4 | 17200.2 | 16890.7
2 17525 | 17492.3.| 17518.2 | 17470.6 | 16990.4
3 175558 | 17680.5°| 17947.8 |'17749:2 | 18714.9
4 19732.4 | 19821.4 | 18990.5 | 19645.5 | 19120.6
3.0 Tesla 1 913.1 897.6 945.2 | 10124 | 927.6
2 1645.2 1721.2 | 1657.8 | 1598.7 | 1628.9
3 1851.4 | 1878.6 | 1853.9 | 1792.8 | 1901.6
4 1917.1 | 1932.9 | 1934.8 | 2003.3 | 2126.5
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High contrast resolution

Purpose To measure the capacity of an imaging system to show separation of
objects when there is no significant noise contribution.
Method Index the scanner to the resolution section. This section has a 1 to 11
line pair/cm, high resolution test pattern. The targets are 1, 2, 3, 4, 5, 6,
7, 8,9, 10, and 11 line pair/cm. The high-contrast resolution should be
equal to the pixel size. For example for a 25.6 cm field-of-view with a
256x256 acquisitions matrix; the resolution should be 1 mm.
7
g
[ (T reeaii),
e =
N {g Y
,, _lj::‘;_—_(-, ‘I
\A . [ 77J
Figure 1. High resolution pattern
Results /N
Magnetic field Smalkest resdlv'afble Accepted (~ 1.1 mm)
strengths array element (Ip/em)
0.4 Tesla 4.5 line pair/cm pass
3.0 Tesla 5 fine pair/cm pass

Low contrast sensitivity

Purpose To measure, the ability to. distinguish .differencesS~in intensity in an
image.
Method Determine the actual contrast levels of phantom, calculate the average

of the measurements from several scans of low contrast section.
Plotting the diameter of the hole VS. the depth of the hole visualized to
estimate contrast detail curve.



Figure V. Low contrast pattern
Results

Magnetic field strengths Depths Mean value of pixel intensity

(mm) Diameters (mm)

‘.H 40 6.0 10.0

0.4 Tesla 05 | 116738 | 10862 | 10500
T075 | 12476 | 12452 | 12926

10: 7| 18582 | 14603 | 15478
[ 207 [ 140126 16440 | 168825

3.0 Tesla [ 705, | 10506 | 1040.9 | 10272
075  [J4075.1 | 1079.4 | 1089.9

0 10 |51176.7 | 1203.0 | 11245

| 20 | 16128, 15603 | 15436

Diameters (mm) —
10500 12926 15478 16882
100 E

6.0

40 §

0.5 0.75 1.0 2.0
Depths (mm)
Figure VI. Contrast detail curve MR1 0.4 T
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Slice geometry (slice width)

Purpose To estimate the full width at half maximum (FWHM) of the slice
profile.
Method Slice thickness should generally agree with the indicated slice
thickness within £ 1 mm for slice thicknesses > 5 mm.
Figﬂre \?I .Slice geometry pattern
Results 7, -4
Magnetic field Slice thickness (mm) Acceptance
strengths o e he decision
0.4 Tesla BOZ=5175 Pass
| AAEY), 2t Es Pass
3.0 Tesla- 0%)-Z=5:025 Pass
. (Y), Z=5.025 Pass

Geometric distortion

Purpose To measure the displacement of-displayed pointsswithin an image
reldtive to themr, known location, ‘or improper scaling of the distance
between points anywhere within the image.

Method Percent distortions in the spatial linearity (when measured over a 25

cm or greater FOV) are generally considered acceptable if they are <
5%.

Percent distortion is defined as following:

True dimension — observed dimension x 100 %
True dimension
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5
A 10cm o 02-?
Sirlambt
Results
A
Distance 8 cm 10 cm
Measured distance /489 92/8.06 10.0/10.07
04T/30T LB ;
Measured distance 2.01 |\ 4.01/3. .02/7.99 10.0/10.01
04T/30T -7 \
XTADY
B A
Distance 2T ‘ 10 cm 12 cm
Measured distance (R) | ‘2#%; 99 | 9.99/9.99 11.9/12.0
04T30T K .
Measured distan /10.07 11.9/12.03

04T/30T

T

‘ rmeﬁence decision

0.4 Tesla
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Slice position/Separation

Purpose

Method

Results

To test for proper scanner selection among and between slices, and for
table movement on MRI systems.

Slice position (offset) is the absolute location of the midpoint of the
FWHM of the slice profile. Slice separation is the distance between
any two slice positions. Slice locations are indicated by external
positioning devices or by the selected inter-slice spacing.

Measure from the center of the first ramp to the center of the second
ramp and multiply it by .25(the“14° scaling factor) to determine the
scan index-between scaris.

Comparison ofexternal position marker should generally agree with
the actuakslice’esition-within = 2 mm. Slice separation disagreement
should typieally be < 20% of the total slice separation or £ 1 mm,
whicheyer isgreater. v

Figure VII1. Schematic illustration of 2 superimposed used to test the
indexing.accuracy: between slices.

For 3.0 T the center of the first ramp to the center of the second ramp =
20.1
Therefore; 20.1 ¥ 0.25 =5.025mm

For 0.4 T the center of the first ramp to the center of the second ramp =
215
Therefore; 21.5x0.25=5.375mm

Magnetic field strengths Actual slice Acceptance decision

position

0.4 Tesla 0.025 Pass

3.0 Tesla 0.375 Pass




Table I. Overview of parameters for QC testing

86

Parameters 0.4 Tesla 3.0 Tesla
Brain protocol Tl T2 Tl T2
FOV 250 250 250 250
TR (ms) 400 4500 400 4500
TE (ms) 100 15 100
FA 90 90
Number of slice 20 20
Thickness 5 5
0 0
256 256
223 224
2 2
Scan tim 6.00 2.19
FOV-Field of view, TR-Repeti f"fl e, FA-Flip angle, kHz-kilo-
Hertz 2 ," 7
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