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Fast fluid-attenuated inversion recovery (FLAIR) pulse sequence, is a powerful
method for detecting intracranial lesions especially those located near ventricles. This
method generates a T, -weighted image nulling the cerebrospinal fluid (CSF), thus
creating a distinct image of the lesion. The purpose of this study was to determine the
optimal TI values of fast FLAIR technique in order to suppress signal CSF so as to
obtain a good periventricular image.

Seventeen patients (age 40-86 years), were sampled for this investigation on
the basis of their periventricular lesions appearing as bright images by both fast
FLAIR and T, -weighted fast spin echo (FSE) imaging techniques. A total of 41
lesions were examined by the magnetic resonance imaging (MRI) unit for brain
investigation (1.5 Tesla imager). T, -weighted FSE image was the standard of]
reference. The patients were scanned by fast FLAIR pulse sequencing of varying TI
(2000, 2100, 2200, 2300, and 2400 msec). Signal intensity (SI) values for CSF, white
matter (WM) and the lesion were averaged from data acquired from 5 images and
subsequently used for determining signal to noise ratio (SNR), contrast to noise ratio
(CNR), and contrast ratio (CR).

The fast FLAIR with TI 2100 msec was found to yield minimal SNRcgr ,
maximal CNRiesioncsr and maximal CRiesioncsr . Statistically, the CNRjesion csr and
CRiesion,csr Were superior to those obtained from T, -weighted FSE imaging (p-value <
0.0005). When the comparison was made between the lesion and WM, CNR egion wm
and CRiesion wm Were at maximum TI of 2400 msec. However, the CNR lesion, WM 1Mmage
was less distinct than those obtained by the standard approach (p-value < 0.005). In
conclusion TI of 2100 msec is the optimal value for fast FLAIR imaging of the

periventricular lesions.
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CHAPTER1

INTRODUCTION

Previously, conventional T, - weighted spin - echo (SE) magnetic
resonance (MR) imaging has been a mainstay of evaluation many pathologic processes
of the brain such as multiple sclerosis, infarct etc.(1). Most of these pathologic
processes increase the T, relaxation times of the affected tissue, causing the lesion to
have signal intensities intermediate CSF and normal gray or white matter on T, -
weighted images (1,2). Therefore T, - weighted images may be difficult to make
diagnosis (3) when these lesions have side touching to the CSF border.

Recently, we are interested in fluid - attenuated inversion recovery (FLAIR)
pulse sequence because the FLAIR sequence is a magnetic resonance imaging (MRI)
sequence designed to produce a strongly T, - weighted images while CSF signal is
suppressed (2). We apply a 180° inversion - recovery pulse and chose an inversion
time (TI) to allow the longitudinal magnetization of CSF to return to the null point
before spin echo imaging(4). At this point, all other brain tissues have made almost
complete recovery of longitudinal magnetization toward equilibrium. Also, the use of
a long repetition time (TR) permits tissues with even very long T relaxation time to
completely recover. This minimizes T, differences of non-CSF tissues, thus producing
heavy T, -weighting given the relatively long echo time of the sequence. The CSF

signal is completely suppressed, and pathologic lesions, with their typical T,
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prolongation in the brain adjacent to CSF interfaces, become easily discerned in
comparison with conventional T, -weighted imaging (2).
The basis of the FLAIR method is to select the TI time so that the signal from

CSF is nulled. It relies upon the known lengthy T, relaxation time of CSF according to

the equation (1) :
ThutofcsF = Tiotcsr {In2-In(1+e(™Y T} 1)

Where, Tlauiof csr defined TI that make CSF is nulled.

TR is repetition time.

T of csr 18 the longitudinal relaxation time of CSF.
Using this equation, Tl of csF was calculated as a function of TR. from equation (1)
that in the limit of infinite TR, the maximum TLy of csF 1S Tinun ofcsF X In 2 (6).
Thus Tlnui of csF required to known T o¢csr to predicted contrast pgrformance.

However, the major disadvantage of conventional FLAIR sequence is a very
long acquisition time (7) caused by the long TI and TR that required both null CSF
and adequate non - CSF tissues signal recovery before readout (1). One solution to
improve the imaging efficiency of FLAIR is the use of the newer “FAST” or
“TURBO” spin echo sequences based on the rapid acquisition with relaxation
enhancement ( RARE ) technique (2),

This study measured T; of csp from 14 healthy volunteers with inversion -

recovery ( IR ) technique, because this method is the most precise and accurate (8).

The volunteers were performed with TR of 11,000 msec, and three different TI values
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of 1500, 2000, 2600 msec. The SI of CSF was measured on each of three IR images.
The acquired data from measurement is plotted between SI values with difference TI
and determinate T;ofcse by using the SPSS program for window. Then using T, of
CSF calculate interval of TI value to get the signal from CSF to be null in the equation
(D).

Therefore we got the optimum TI values to performed fast FLAIR imagi;xg
from 17 periventricular lesion patients that these lesions show bright in both fast
FLAIR images and T,-weighted fast spin echo (FSE) images. Using fast FLAIR pulse
sequence in different TI and T,-weighted FSE pulse sequence scanned all the patients.
Then we measured the mean SI of the lesions, CSFand WM. The data was calculated
for SNR of individual type of tissues, CNR and CR of the lesion to CSF and normal
adjacent WM. To evaluate optimum of TI ;/alue with fast FLAIR pulse sequence, to
suppress CSF with good periventricular lesions to CSF contrast, and camparison with

T,-weighted FSE pulse sequence.
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CHAPTER II

OBJECTIVES

Main objective

To determine the optimum TI value with fast FLAIR pulse sequence, to

suppress CSF with good periventricular lesions to CSF contrast.

Sub-objective

1. To determine the values of T, of CSF in lateral ventricles from healthy
volunteers.

2. To compare fast FLAIR pulse sequence with optimum TI to suppress CSF
with that of a T,-weighted FSE pulse sequence in the evaluation of periventricular

lesion that have side touching the CSF border of lateral ventricles.
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CHAPTER 111

THEORY

The cerebrospinal fluid spaces

Cerebrospinal fluid (CSF) in the cranial cavity appears within the ventricular
system, cisternal spaces and the interstitium of the brain parenchyma. Function of CSF
is an intermediary pathway between the neural tissue and vascular capillaries,
providing nutrients and metabolites to the brain parenchyma. The choroid plexus in
the ventricular cavity and the ventricular ependyma produces CSF. The largest volume
of choroid plexus is located along the ependymal surfaces of the atrial walls of the
lateral ventricles, while the rest is in the roof of the third ventricle, and along the
posterior inferior surface of the fourth ventricle (Figure 1). CSF is produced
continuously at rate of 25 ml/h (0.35-0.40 ml/min) (11). In the normal state, the total
CSF volume at any time is 120 to 135 ml. Of this amount, 25 to 35 ml is within the
ventricular space and the remaining is in the subarachnoid cisterns, with a small
amount within the interstiﬁal spaces of the brain parenchyma. CSF flows from the
interstitial space to the ventricles and then to the subarachnoid cisterns by transmitted
force from vascular pulsation (Figure 1). During its passage and turnover within the
interstitial spaces, it allows the exchange of metabolites and nutrients.

CSF within the ventricles and the subarachnoid space has constant motion. On

MRYI, its signal characteristics depend on several factors.
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1) The image acquisition time ( TR/TE ).

The longer acquisition time commonly causes loss of CSF signal. This
is called CSF flow void sign therefore when evaluating long TR sequence MRI flow-
related artifacts in the CSF spaces should be kept in mind.

2) Nature flow factor.

There is disturbance of CSF flow at narrow segments of CSF pathway
such as the aqueduct of Sylvius, the foramen of Monro, these regions show varying
CSF signal intensity depend on flow dynamics. The usual signal intensity of CSF is
hypointense on T; weighted image and hyperintense on T, weighted image.

3) The relaxation time of the CSF and its constituents.



Fac. of Grad.Studies, Mahidol Univ. M.Sc. (Medical Physics) / 7

Superior sagittal sinus

Subarachnoid space Choroid plexus of
lateral ventricle
Arachnoidal granulation

Cergbral veins

e Choroid plexus of third ventricle
interventricular " -—h\\
* i/ ~»;\\7' .-_:‘ §
foramen (Monro) Tt %&?".: o

Great
cerebral
vein

Arachnoid

Aqueduct of Sylvius

Cisterna superior

3
Foramen of Luschka \

Choroid plexus of fourth ventricle \

. 4
Foramen of Magendie l . \

Figure 1. Midsagittal section of the brain demonstrating the choroid plexus of lateral
ventricles; third ventricle and fourth ventricle including direction of CSF flow from

the interstitium space to the ventricles and to the subarachnoid cisterns (10).
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Basic principle of magnetic resonance.
1. Atomic structure.
Atom composes of a core-nucleus and surrounding cloud of electrons.
The nucleus consists of positive electrical charge called proton and neutral electrical
charge called neutron (11). When a proton as charged sphere, spinning it represents a
current flowing in a loop around the axis of rotation, thereby generating an

electromagnetic field (12) ( Figure 2 ). We can think the proton as a “bar magnet”.

< Magnetic field .

« Spinning charged
particle

Figure 2. A spinning charged particle generates a magnetic field (13).

2. MR active nuclei.
MR active nuclei are nuclei that have odd number of protons or
neutrons. That means there is one proton or neutron unpaired.The unpair proton points

either north or south and has a net magnetic field or “magnetic dipole moment”, its
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symbol is p (Figure 3). But the nuclei that have even number of protons and neutrons,
they will pair that means every spin with magnetic field pointing up, will have a paired
spin with magnetic field pointing down. So the magnetic field of even nuclei will
cancel and net magnetic field is zero. However in MRI, we are interested in hydrogen
nucleus which has a single positive charged proton due to its natural abundance

(approximately 60% of the body is water ( H,O)) and relative sensitivity (Table I).

A | A A

(No magnetic

field) | ¢

(Net magnetic
field)

\

Paired protons Unpaired protons

Figure 3. A. The magnetic fields of paired protons with cancel each other out,
giving no net magnetic field.

B. Show that unpaired proton gives a net magnetic field (13).
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Table I. Show magnetic properties of medically important nuclei (14).

Theory / 10

Nucleus Spin Quantum | Gyromagnetic Natural Relative
Number (S) | Ratio (MHz/T) | Abundance Sensitivity
(%)
'H 1/2 42.58 99.98 1
B¢ 172 10.71 1.11 1.7 X10™*
3 1/2 40.05 100 0.83
2Na 3/2 11.26 100 9.2 X107
3p 1/2 17.23 100 6.6 X102

3. MR active nuclei in the absence of an external field By.

zero magnetization of the material (Figure 4).

Bo off: * # + \ : Net magnetic field =0

Figure 4. In the absence of By, their net magnetic field will be zero (13).

MR active nuclei in the absence of By will be randomly oriented, giving
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4. MR active nuclei in the presence of Bo.
MR active nuclei in the presence of an external field Bo tends to align
with the applied field, but they don’t all align up in the same direction. Estimate half
point north and half point south. Over time, more spins align with the applied field,

generating net magnetization (Figure 5).

tHte 4

Net Mo

Figure 5. In the presence of By, protons will produce net magnetization (13).

From laws of quantum mechanics nuclei align at one angle to the direction of
the field have specific energy levels related to property called “ spin quantum
number S ”(13). The hydrogen nucleus has a spin quantum number S of 1/2 (Table I ).

The number of energy states of nucleus is determined by the equation: (13)

number of energy states of nucleus = 2S+1 2)
For a proton with a spin S = 12

So number of energy states of hydrogen nucleus =2 (1/2) +1 =2
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Therefore, a hydrogen proton has two energy states. The energy difference

between these two states (AE) is calculated by:
AE = E»-Er = (2w (Bo) 3)

where, p is the magnetic dipole moment.

By is the external magnetic field.

At upper energy state (E;), the spin direction is antiparallel to the external
magnetic field direction (spin down) while at the lower energy state (E1), the spin will

parallel to the external magnetic field direction (spin up).

Y 4V
ool ae{ | T p T g
STYYY Y

Figure 6. In a magnetic field By, protons are at two energy states; in the upper energy

state they are antiparallel to By, but in the lower energy state they parallel to it (13).
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5. Precession.

Precession is motion of proton that rotates around the axis of the apply

external magnetic field By with constant angular precession frequency (wo) (Figure 7).

Figure 7. A spinning proton with magnetic moment p under the effect of an external
magnetic field By will precess around axis of By with constant angular precession

frequency (@) (16).
6. Larmor equation.

Larmor equation is equation that represents the rate of the proton’s,

precession around an external magnetic field By, expressing as:

oo = yBo “4)
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where, 0o is the angular precession frequency, called the larmor precession frequency
(in Mhz or radians/second).
y is the gyromagnetic ratio which is specific for the nucleus (in MHz/Tesla)

(Table I).

By is the strength of external magnetic field (in Tesla).

7. Net magnetization and it's component.

Net magnetization is a sum of the contributions of all the magnetic
moments of the individual proton. Net magnetization composes of two components
are the longitudinal and the transverse magnetization.

The longitudinal componént is the projection of the net magnetization
along the direction of the external magnetic field. The transverse component is the
projection of the net magnetization onto the plane perpendicular to the direction of By

(Figure 8).
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Figure 8. The net magnetization vector can be broken down into two components:
longitudinal magnetization (M), along the direction of the magnetic field, and

transverse magnetization (M), in the plane perpendicular to the field (17).

8. Radio frequency ( RF) pulse.

Radio frequency ( RF) pulse is in radio frequency range of the
electromagnetic spectrum. When the patient is in the magnet, RF pulse is applied
along the x axis perpendicular to the axis of By to flip the longitudinal magnetization

-90° into the the x-y plane. If all of the vectors flip into the x-y plane, the magnitude
of My, equals the magnitude of My. This is called a 900 flip, and the pulse that gives
the 90° flip is called 90° RF pulse (Figure 9). When all vectors flip into the x-y

plane, this transverse magnetization will precess in phase around the axis of By at the
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Larmor frequency. Similarly, when we apply a 180° RF pulse, the longitudinal

magnetization vector is inverted to - M.

80°R.F. PULSE

Figure 9. When the whole magnetization vector is flipped into the x-y plane, it is

called a 90° flip (17).

9. Resonance.
Resonance is a phenomenon occurring when the frequency of the
applied RF pulse matches the proton wg allowing the proton to receive some energy
from RF pulse. If the RF frequency does not match the w¢ of the proton, the system

won’t resonate and can not receive energy from RF pulse.
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When system resonates with 90° RF pulse, the protons flip into the x-y plane

and are in phase because the protons don’t point in random directions. This creates

Mxy .

10. Relaxation of the magnetization.

Relaxation of the magnetization is the process that nuclei return to
equilibrium state after the RF pulse is turned off, by emitting electromagnetic radiation
that was received from RF pulse and transferring it to the surroundings (lattice) or
between themselves.

Relaxation of longitudinal component is referred to as T; relaxation
time. It is measured by the time that the longitudinal component returns to 63 % of its
original state (M) after the RF pulse is turned off (17) (Figure 10). The M,
component will start to grow at a rate characterized by T, relaxation time, and can be

described mathematically as:

MAt) =  Mo(l-¢"1) | )

Where M,(t) is the longitudinal magnetization component at time (t).

My is the equilibrium longitudinal magnetization.

t  isthe time after the RF pulse.

Ti isthe T, relaxation time constant that is an exponential time constant that
is related to the period required for longitudinal component to recover 63% of its

equilibrium alignment ( 86 % after 2 X Ty, 95% after 3X Ty, and 98.5% after 4X T)).
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T; relaxation time is commonly referred to as spin-lattice relaxation, because
the emitting energy will be transferred to their environment (lattice). T relaxation
time of proton is different in different tissues in the body, depend on the efficient

transfer of energy to the surrounding lattice and strength of the external magnetic field.

Longiludinal Recovery ——

T1 2T 3T1 4T ST1.

Figure 10. A typically T, relaxation curves (16).

Efficient transfer of energy to the surrounding lattice depends on molecular
motion and the presence of macromolecules. The most efficient energy transfer occurs
when the natural motional frequencies (translation, rotation, and vibration) of the
proton are at the Larmor frequency. Hydrogen protons in fat (medium-sized molecule)
have natural motional frequencies that are almost equal to the Larmor frequencies for
hydrogen. The efficiency of energy transfer from the protons to the lattice is
increased, thus decreasing T;. But Hydrogen proton in the small molecules and large

molecules has natural motional frequencies that are difference from the Larmor
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frequencies for hydrogen. So the efficiency of energy transfer from the protons to the
lattice is decreasing, thus increasing T; (Figure 11).

The presence of macromolecule, when water molecules is bound to a
hydrophilic macromolecule such as a protein. These bound water molecules lose some
of the freedom in their motion. As a result, the natural motional frequencies of the
water molecules get closer to the Larmor frequency, thus yielding a more efficient
energy transfer. The net result is shortening in the T, relaxation time.

T, relaxation time also depends on the external magnetic field strength. It tends
to increase at stronger field strength (Table II), because in the stronger magnetic field
there will be more protons aligning with it. Thus these protons have more energy to
give to the lattice, and take longer time in transferring energy to their environment,
resulting in longer T; relaxation time.

Relaxation time of the transverse component is referred to as T, relaxation
time. T, relaxation time is a measure of the time that the transverse component has
decayed to 37 % of its original value after the apply of the 90° RF pulse(Figure 12),
and is commonly called spin-spin relaxation time. The transverse vector My., decays at

the rate characterized by T, relaxation time: (13)

M) = Mye'™ (6)

Where, My.,(t) is the transverse magnetization component at the time (t)
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M, is the transverse magnetization component at the time t = 0, immediately
after the RF pulse is turned off. It will be equal to the value of M just prior to the RF
excitation pulse.

t  is the time after the RF pulse is turned off.

T, is the T, relaxation time constant that is an exponential time constant of

transverse component

/‘/Lcrge mo!eg:%a

Medium - sized

7 molecyles

Smoll molecules

\\\_

Mo&eculor Tumbling Rate ———e=

o w—

Efficiency of Relaxation

Figure 11. Show relaxation efficiency versus molecular size that spin-lattice

relaxation efficiency is the best for substances with frequency of molecular nears

larmor frequency @o (17).
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Table II. T, and T, values for human tissue (12).

TISSUES T; at 1.5 Tesla T; at 0.5 Tesla T,
(msec) (msec) (msec)
Fat 260 215 84
Liver 490 323 43
Kidney 650 449 58
Spleen 780 554 62
White matter 790 539 92
Lung 830 600 79
Skeletal muscle 870 666 47
Gray matter 920 656 101
Cerebrospinal >4000 >4000 >2000

fluid
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Figure 12. Curve showing decay of the transverse magneﬁzation. At the time = T,

the magnetization has decayed to 37% of its initial value (17).

The mechanism that causes the decay of the transverse magneti:;ation is the
dephasing of the spin. Dephasing is the result of interaction between spins and
external magnetic field inhomogeneities. An interaction between individual spins is
called spin-spin interaction, which is inherent property of every tissue and is
measured by T, relaxation time. External magnetic field inhomogeneities cause
protons in different positions to precess at different frequencies because each spin is

exposed to a slightly different magnetic field strength.
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11. Free induction decay
Free induction decay is decay of oscillating signal, that generated by
oscillating spins of the net magnetization in transverse plane after turn off the RF
pulse which it is induced by a current in a receiver coil. This decaying oscillating

signal is described mathematically as:
\J

My () =Mye?2" (coswpt) (7)
Where, My.,(t) is the transverse magnetization component at the time (t).
Mo is the transverse magnetization component at the time t = 0,

immediately after the RF pulse is turned off.

el is the decay signal with the time constant of T .

cos g t is the formula for an oscillating wave, at a Larmor frequency
of excited wo.

Therefore, the general form of the signal come from an oscillating signal which
varies as cos gt and a decaying signal which decays with time constant T," as given
by the exponential e’ (Figure 13).

The free induction decay signal has the following characteristics:

- The free induction decay signal oscillates with component at the Larmor
frequencies of the excitation.

- The free induction decay signal has an initial transverse magnitude related to

the density of initial longitudinal magnitude before flipped into transverse plan.
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- The free induction decay signal decreases in an amplitude with time, as a

function of the transverse relaxation process.

Signal X,
Amplitude r\\ ~

TRVA S S

L//

Figure 13. Show Free induction decay after a 90° RF pulse. When the all vector
flips into the x-y plane, this transverse magnetization will precess in phase around the
axis of the external magnetic field (Bo) at the Larmor frequency (17). Then when we
turn off 90° RF pulse signal, this transverse magnetization will dephase with time at

rate define as T," (17).
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12. Fourier transform.

Fourier transform is an analytical algorithm, which converts the
received signal into one, which can be displayed on a monitor, having attributed
frequency values to the amplitude variations. An image is formed because the

computer is enabled to related values of signal strength (hydrogen density) to specific

spatial locations.

13. Spin echo (SE) pulse sequence.

13.1 Spin echo (SE) pulse sequence consists of a 90° excitation pulse
followed by 180° RF rephasing or refocusing pulse after time T, to eliminate the
dephasing effects caused by external magnetic field inhomogeneities by maximizing
spin rephasing at the time 2t .We call 2t “ the echo time” (TE) at this time maximal
SI will be obtained. The 90° excitation pulse and 180° RF rephasing pulse is repeated

after an interval called repetition time (TR) (Figure 14).

90° 180° 90° 180°
o T f |ﬁ T '
o : TR
FID | ﬂ
Unvnv vt\\]ﬂ UnUA"
V T | TV

Figure 14. Show a diagram of a spin echo pulse sequence. A 180° rephasing pulse is

applied after 90° excitation pulse at time t (13).
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13.2 Tissue contrast in spin echo pulse sequence depends on TR and
TE; there are three types of tissue contrast:
13.2.1. Proton density weighted imaging.

Proton density weighted imaging represent a tissue
contrast that is produced as a result of variations in the amount of mobile hydrogen
nuclei. This can be done by using a long TR (1500-3000 msec) and short TE (10-40
msec). The long TR lets the tissue get full longitudinal magnetization. The short TE
permits minimal loss of transverse signal due to T, relaxation time. Therefore this
sequence needs the long TR to reduce T, effect and the short TE to reduce T, effect.

13.2.2. T| weighted imaging

T, weighted imaging represent tissue contrast that is
produced by considering the variations in longitudinal relaxation rate. This is
obtained by using a short TR ( 300-800 msec) and short 'TE (10-40 msec) (Figure 15).
The short TR causes tissues with a short T;, such as fat, to fully recover along the
longitudinal direction and tissues with a long T, such as CSF, to only partially
recover. The short TE reduces T effect and short TR increases T; effect.

13.2.3. T, weighted imaging

T, weighted imaging represents a tissue contrasts that is
produced by considering the variations in transverse relaxation rate. This is done by
using a long TR (1500-3000 msec) and long TE (50-100 msec) (18). The long TR
causes all tissues to fully recover along the longitudinal direction and long TE controls
loss of transverse signal due to T, relaxation time. Long TR reduces T, effect and long

TE highlights T, effect. It is very important to remember that many pathologies such
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as tumor, infarction have long T but not equal to CSF. T, weighted imaging is very
good in producing very bright signal from these pathologies (Figure 16). But there

may be some difficulties in differentiating pathologies from CSF especially when they

are close to each other.

CSF (Long T1)

Longitudinal Recovery —s

Time To Repetition——

Figure 15. Show tissue contrast with short TR and short TE that short TR enhances

the T, contrast (16).
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Figure 16. Show T; and T, curves of CSF, white matter, gray matter and lesion. The
long TR allows tissues to reach full longitudinal magnetization that reduces T,
effects. The long TE allows controlled loss of transverse signal due to T, relaxation

and increases the signal intensity differences between these tissues (13).

Inversion Recovery (IR) pulse sequence

Inversion Recovery (IR) pulse sequences consists of 180° inversion RF pulse,
followed by the spin echo pulse seqﬁence for signal detection. First, we apply 180° RF
pulse to invert the longitudinal  magnetization from the +Z direction to -Z
direction (Figure 17) that allows tissue to relax over twice the dynamic range of spin
echo technique. Then, when the 180° inversion RF pulse is removed, the

magnetization returns toward its equilibrium state in the +Z direction. Because the
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echo technique. Then, when the 180° inversion RF pulse is removed, the
magnetization returns toward its equilibrium state in the +Z direction. Because the
receiver’s antennae (RF coil) can detect magnetization only in perpendicular plan to
the main magnetic field, so after 180° inversion RF pulse we apply 90° RF pulse ata

time called “inversion time” (Figure 18).

M, |
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Figure 17. Show the effect of the 180° inversion RF pulse on longitudinal

magnetization, that the magnetization is moved from the +Z into -Z direction (19).
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Figure 18. This figure shows diagram of inversion recovery pulse sequence. First,

the magnetization is inverted with 180° inversion RF pulse. After interval TI, a 90° RF
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measurement pulses is applied to rotate the magnetization into the transverse plane,
for detection (19).
This 90° RF pulses flips the partially recovered spins into the transverse plane,

so that a signal may be detected. This signal amplitude (S) is given by:

Sg = Kpe™T2 (1-2¢ ™71 +2 ™I TRy (8)

Where K is the system-related scale factor.

p is the proton density.

However, TR is common very much larger than TI, to yield the simplified expression:

Sk = Kpe ™ (1-2¢™1 + ) ©)

The advantages of inversion recovery (IR) pulse sequences:

1. IR pulse sequence is a good method to demonstrate T, difference
between tissues. Although T differgnce is narrow, the contrast is high due to the
effect of 180° inverting pulse, which allows tissue to relax twice the dynamic range of
spin echo technique. T, contrast can be varied by selection of the optimal value of TI.
Figure 19 shows curves of the longitudinal magnetization recovery of tissues with a
short Ty (curve S) and long T, (curve L) after apply 180° inverting pulse. To produce
maximum T, enhancement of the image contrast, it is necessary to apply the 90°
excitating pulse at time = optimum TI that is the maximum difference between the

value of the recovered magnetization of one tissue and that of the other tissue.
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Figure 19. The curves marked S and L represent the behavior of M, after inversion
in tissue with a short and a long T respectively. Ideally, the timing (TI) of the 90° RF
pulses is set for maximum separation in the curves. The amplitude of the response

signal is related to the valued of My.y (17).

Therefore IR image lneed long TR for the longitudinal magnetization of each
tissues recovered fully before to the next 90° excitating pulse. If the TR is short
relative to T;, the longitudinal magnetization will recovers partially before the next
inversion pulse, so the contrast is less. However the level of T contrast obtained with

IR images also depends on whether the images are sensitive to the phase of the MR



Pathchraporn Saengruang-Orn Theory / 32

signal. Most MR systems generate IR images by using phase insensitive images
(magnitude image). On these magnitude images, information about whether the
longitudinal component of M, is positive or negative is lost. As a result, M, can vary
between 0 to 1. Some system actually produées phase sensitive images, which can
depict whether M, is positive or negative. As a result, M, can vary from -1 to 0 to 1;

that is, the dynamic range for T; contrast is doubled (Figure 20).

+M
{WHITE)

Magnitude
Reconstruction

(BLACK) O 7/ / mSeconds)
// /\R Phase \ L
/ econstruction

!/ / d
177,
Y/

N7

(WHITE)

Figure 20. Show the magnitude and phase sensitive reconstruction of IR images. The
magnitude reconstruction gives us only positive signals, so the curves are reflected
above the zero line, this result may loss of contrast. But phase sensitive reconstruction

retains sign of magnetization and may result in improved tissue contrast (17).
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2. A second utility of IR sequences is suppression of some tissues that we
need. When the inversion pulse is removed, the magnetization returns toward its
equilibrium state in the +Z direction. At some point, the magnetization will pass from
the -Z direction to the +Z direction. When this crossover occurs, there is no

longitudinal magnetization. This point is referred to as the null point (Figure 21).
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Figure 21. Show the null points which the signal crosses the zero line . At this point,

the signal intensity is zero (18).
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The null point can be used to create signal voids for various tissues. We can
use the Equation (9) for TI(null) at which point the signal intensity is zero, from the

equation (9) express as:

Sk = er'TE’rz (1—2e’TVT1 + e'TRfrl)

then, Sr= 0=(1-2¢ T + ™)

When, the limit of infinite TR, then e T’T) = 0, the solution to TI(null) is: (6)
TInull = (ln 2) T1
or TInuu = 0.693 T1 (10)

Where, T is the inversion time that, gives signal voids for tissues we need

to suppress, and T; is T relaxation time of suppressing tissues.

So, if the selected TI matches exactly with the time at which null point occurs,
a signal void for that particular tissue will occur. This is because at the null point there
is no longitudinal magnetization for 90° RF pulse to flip into the transverse plane, so
no signal can be created. Here is an example; if we want to suppress fat tissue which
has T approximately 250 msec at 1.5 Tesla, TI must be 0.693 x 250 = 173.25 msec.
Becausé we can suppress fat in an IR image, by using short TI, this technique is called

Short-TI inversion recovery (STIR) (Figure 22).
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Figure 22. Showing if TI is selected to match exactly with the time at null point of

fat, fat can be suppressed (13).

3. IR pulse sequence provides heavily T, weighted images with long TR,
allowing more imaging volume to be covered; as shown by equation of number of

slices:

number of slices = TR/TE (11)
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In contrast to T, weighted images of spin echo pulse sequence, short TR is used,

limiting the number of slices.

The disadvantage of IR pulse sequences:
The disadvantage of IR sequences is a very long acquisition time due to
long TR for the longitudinal magnetization of each tissue to recover fully. Therefore,
technique is developed by combining a fast spin-echo sequence with an inversion-

recovery sequence (fast IR pulse sequence), to reduce the scanning time.

Fluid-Attenuated Inversion Recovery (FLAIR) pulse sequence.

Fluid-Attenuated Inversion Recovery (FLAIR) pulse sequence is a magnetic
resonance imaging (MRI) sequence designed to produce a heavily T>-weighed image
while suppressing the CSF signal. From the fundamental of an inversion recovery
sequence, CSF suppression is achieved by using a 180° inversion recovery with an TI
chosen to null the signal from CSF. We can desire TI depending on the T relaxation
time of the CSF and TR chosen. Assuming the interval of T; relaxation time for the
CSF is 3050-3400 msec. We can designed interval of TI for suppressing CSF by

calculation from the equation (10) expressing as:

TToun of csr = 0.693 T orcsF

Therefore, interval of TI for suppressing signal of CSF is 2100 to 2400 msec. That

means; when we apply 180° inverting RF pulse to invert the longitudinal
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magnetization from the +Z direction to -Z direction, followed by exciting RF pulse at
these TI, it allows the longitudinal magnetization of CSF return to the null point
before spin echo imaging. At this point, all other brain tissues have almost complete
recovery of longitudinal magnetization toward equilibrium (Figure 23).

So, this is result of FLAIR must used long TR, which it permits tissues with
very long T relaxation time to completely recovery of magnetization before the next
excitation, which long TR will result in better signal to noise ratio and increased
contrast to noise ratio between the lesion, gray matter and white matter, and long TR
also decrease T; effect of non-CSF tissues, thus producing heavy T,- weighted
imaging that relative with long echo time of the FLAIR sequence.

The CSF signal is completely suppressed, and pathologic lesion, which
typical, have increased T, relaxation time in the brain, specially it adjacent to CSF
interfaces, become easiiy to distinguish lesions from CSF interfaces when comparison

with T,- weighted spin echo.

Mz

[

Figure 23. Showing the T recovery curves after inversion of 180° RF pulse. TI is set

so that CSF is nulled (20).



Pathchraporn Saengruang-Orn Theory / 38

The advantage of FLAIR pulse sequence.

1. The FLAIR pulse sequence requires long TR. The inversion null time of
CSF is also long enough that almost all other tissues will have fully recovery. So that
the sequence is suitable for “proton density” and “T, weighted ” clinical imaging of
other tissues.

2. The FLAIR pulse sequence can effectively eliminate the bright “ghost”
artifacts from pulsatile CSF motion, significantly increasing the diagnostic quality of
clinical imaging of the central nervous system.

3. Finally, suppression of the bright CSF signal improves the dynamic range,
thus it permits greater lesion conspicuity, specifically at brain-CSF interfaces and
periventricular lesion.

The disadvantage of the FLIR pulse sequence.

The important disadvantage of conventional FLAIR sequences is a very
long acquisition time, because of using long TR. Therefore we combine conventional
FLAIR pulse sequences with fast-spin echo technique, calling fast FLAIR pulse

sequences, for decreased acquisition time.

Image assessment

1. Signal to noise ratio (SNR)

Signal to noise ratio (SNR) is a term used to describe the relative contributions
to a detected signal made by the true signal and random superimposing signals

(noise). Noise composes of two types.The first, noise that result from variations in the
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signal created by moving objects in the body. The second type of noise is inherent in
the system.
Factors which affect SNR
1. The magnetic field.
The increased strength of the magnetic field increases the
detected signal.
2. Voxel volume.
SNR may be improved by increasing the volume, because
larger voxel volume will increase the number of proton spin to contribute to the signal

intensity (Figure 24). The voxel volume is defined as: (13)
Voxel volume = Ax.Ay.Az (12)

Where Ax isthe pixel size in the x direction.
Ay is the pixel size in the y direction.
-Az is the slice thickness.
3. Slice thickness.
SNR is improved by increasing the slice thickness because
increasing the slice thickness increases the signal volume per image, resulting in a

higher ratio. But a partial volume effect may degrade the image.
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Figure 24. Voxel is a three-dimensional volume element with dimensions Ax , Ay
and Az. The more spins in a voxel, the more signal. Therefore, increasing voxel size

increases SNR (13).

4. Repetition time (TR).

The increasing repetition time improves SNR by increasing the
time that longitudinal magnetization is permitted to recover for all tissues. More signal
will be obtainable to be flipped to fhe transverse plane during subsequent RF pulses.

5. Echo time (TE).

The increasing TE decreases SNR by allowing more time for
tissue vectors to dephase; resulting in signal loss.

6. Number of acquisitions or excitations (NEX).

The number of acquisitions or excitations (NEX) represents the
number of times that we collect data for a given phase encode value and average the

information to represent one image. Signal increases linearity with increasing NEX but
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noise is random. If we double NEX, the signal doubles and noise increases by V2,
thus SNR increases by factor of 2. This calculates to an increase in SNR of about 41
percent. But doubling the acquisitions also doubles scan time, which may result in
more artifact noise due to patient’s movement.
7. Bandwidth (BW).
The bandwidth is a range within a band of frequencies that a
MRI system is tuned to receive frequencies. The received bandwidth of an image
determines the number of frequencies encompassed in the image. The increasing BW
will include more noise, and SNR decreases. Therefore, the decreasing BW will allow
less noise, and the SNR increased SNR.
8. Field of view (FOV).
Field of view is the area of the anatomy being image, it is

determined by:

FOV = (pixel size ) x ( number of pixels ) (13)

When FOV is decreased while maintaining the number of pixels, the pixel size
becomes very small. Therefore, there is less signal per unit volume, and decreased
SNR.
9. Spatial resolution
Spatial resolution (pixel size) is the smallest distance that we
can distinguish between two points on an image. The high resolution image is

obtained with small voxels. When we look at the Equation (13), if we maintain the
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FOV and increase number of pixels, the size of pixel is decreased, giving decreased
SNR. Therefore high resolution image usually gives poor SNR.
10. Artifact reduction techniques.

The elimination or reduction of artifacts will improve the image
quality. Artifact reduction techniques are able to minimize flow (CSF and blood),
breathing and other artifacts; such as flow compensation techniques. Flow
compensation techniques use gradients to minimize motion artifacts created by the
flow of slow moving blood and CSF. This technique can improve image quality by
affecting the SNR of the image.

One method of measuring the signal to noise ratio consists of
determining the ratio of mean signal intensity in the anatomic region of interest
(ROI), divided by the standard deviation from a region outside the image boundaries

that free of ghost artifacts (SDy;; ), (8,21).

2. Contrast ratio (CR)
Contrast ratio is ratio of signal difference between two tissues or

regions to the sum of both signals, expressing as:

CRtissue(l,2) = (Stissue(l) - Stissue(Z)) / (Stissue(l) + Stissue(Z)) (14)

Where, CRussuens 1S contrast ratio between tissuei2 and S = signal

intensity of individual types of tissue, assessed by region of interest measurement.
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3. Contrast to noise ratio (CNR)

CNR is ratio of signal difference between two tissues to the standard
deviation of the background air (noise) measured in areas free of ghost artifacts

(SDy;ir), expressing as:

CNRtissual.z) = (Stissue(l) g Stissue(Z)) / SDair (15)

CNR is one measurement of image quality. CNR is useful for
comparing performance of different pulse sequences in to lesion detection. While
contrast considers only the relative signal differences. From the equation (15), CNR
considers the relative signal differences with standard deviation of the noise (SDy), if
the images have high contrast with very high noise, then images may show low CNR

(Figure 25).
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Figure 25. (A) and (C) show different contrast for two anatomic structures that (C)
gives higher contrast. (B) and (C) show different contrast to noise ratio that (D) has
higher constant than (B) but it gives lower contrast to noise ratio because of its higher

noise level (21).
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CHAPTER IV

MATERIALS AND METHODS

4.1 The measurement of T values of CSF.
4.1.1 Materials
4.1.1.1 Magnetic resonance unit
The magnetic resonance unit used in this study is a 1.5 Tesla
superconductive magnet, manufactured by General Electric, Milwaukee, USA, model

Signa Horizon (High speed) 1.5T with 5.8 software version (Figure 26).

Figure 26. The magnetic resonance unit used in the study.
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4.1.1.2 Coil

Head coil is used for T; measurement of CSF. This coil is a one-piece

device that both transmits and receives RF signals (Figure 27).

Figure 27. The head coil.
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4.1.1.3 Film.
Films used in this study are Konica’s, LP 670-E. It is used for
archiving the image of CSF in lateral ventricles for T; measurement.
4.1.1.4 Region of interest (ROI).
A ROI is a user-defined area on an acquired image used to
measure SI and display statistical analysis. This key is found on top level display.
4.1.1.5 Sampling unit.
T; relaxation time of CSF was measured in 20 healthy
volunteers. The volunteer subjects (10 men, 10 women) ranged from 19 to 50 years in

age (mean, 32.9 £ 10.3). They are all Thais.

4.1.2 Methods.
4.1.2.1 Imaging techniques.
All healthy volunteers had MR imaging at 1.5 T as follows:
4.1.2.1.1 Sagittal T)-weighted scout location sequence.
Scanning parameters for sagittal Ti-weighted sequence
were as follows: TR/TE/NEX = 300/8/1; imaging matrix = 256x192; FOV = 20x20;
section thickness = 5 mm; and an acquisition time = 1 minute 4 seconds.
4.1.2.1.2 Axial IR sequence.
Sagittal T)-weighted scout image was used to select the
axial IR images level that best demonstrates the lateral ventricles. Scanning
parameters for axial IR image were as follows: TR/TE/NEX =11,000/20/0.5 ; matrix =

256 x 128; thickness = 5 mm; giving a voxel size of 0.78 x 1.56 x 5 mm? at a field of



Pathchraporn Saengruanr-Om Materials and Methods / 48

view 20 x 20 cm. Three different TI values: 1500, 2000, 2600 msec are used. Total
imaging time for the IR sequence was 46 minutes 12 seconds.
4.1.2.2 Measurement of SI

SI was measured on each of three IR images with automated
“Evaluated” features of the standard console. Two rectangles were placed within right
and left anterior horns of lateral ventricles on the image which has minimized partial-
volume contributions from choroid plexus, and then the rectangles were placed
precisely at the same positions on other two images ( Figure 28).

ROI were routinely selected first on the 1500 msec TI image,
on which contrast is clearest. The window and center setting were set as low as
possible, so that the image appeared uniformly white; the center value was then
increased until the ventricles became dark, and the ROI was placed in a uniformly dark
area.

4.1.2.3 Calculation of Ty

The values of SI acquired from the measurement described
above were plotted versus TI by using the program package SPSS (ver.M, release 9.1
G). These curves were estimated by using logarithmic model that showed regrowth
curve with increased TI. We can determine TI (null) by using constants that acquired

from this program in the equation (16):

Y(S)=BInTI+C (16)
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Where B and C are constant values. We know TI (null), then we can solve the

equation mathematically for T; value by using the equation (10) expressing as:
Thhuiotcsr = 0.693 T, of csF

We can also determine T, value by using curve with the point at which the SI
is zero. The time at this null point is denoted TI (null), then we can solve T; values by
using the equation (10) too. In this study we used former method. The example for T,

calculation was showed in Appendix A.

Figure 28. Showing the positions of the right and left anterior horns of lateral

ventricles where T, valued were calculated.
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4.1.2.4 Statistical Analysis

T; measurement was obtained in both sides of lateral ventricles
(L/R ratio), to verify precision of the measurement technique within a single volunteer.
Ratios of T, measurements (lefi-to-right sided) were calculated in each subject (8).

Level of confidence and power of test can represent the

statistical accuracy of T1 measurements.

4.2 Contrast optimization of fast FLAIR pulse sequence.
4.2.1 Materials
4.2.1.1 Magnetic resonance unit, Coil, Flim, and ROI are the same in
the topic 4.1.1
4.2.1.2 Patients.

We studied 17 patients perventricular lesions (7 men and 10
women; ranging of age = 40 to 86 years old, mean age, 56 years) who were referred
for MR brain imaging at Thai army hospital. The lesions selected for this study show
hypersignal intensity both in T,-weighted and fast FLAIR sequences; and touch CSF

border, the total number of the lesions was 41.
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4.2.2 Methods.
All the patients had MR imaging at 1.5 T as follow :
4.2.2.1 Imaging fechniques.
4.2.2.1.1 Sagittal T;-weighted scout location sequence.

Scanning parameters for sagittal Tj-weighted sequences
were as follows: TR/TE/NEX = 640/8/3; imaging matrix = 256x256; FOV = 22x22;
section thickness = 5 mm; and an acquisition time of 2 minutes 47 seconds.

4.2.2.1.2 Axial fast FLAIR sequences.

The axial images that best depicted the periventricular
lesions were selected. Scanning parameters for axial fast FLAIR images were as
follows: TR/TE /NEX = 11000/148/1 with ETL of 20; signal BW of + 32 Khz;
imaging matrix = 256 x 192; section thickness = 5 mm; giving a voxel size 0.78 x 1.33
x 5 mm?’ at a field of view 20 x 20 cm. To use five different TI values: 2000, 2100,
2200, 2300, and 2400 msec and total imaging time for the five IR series was 9 minutes
17 seconds.

4.2.2.1.3 Axial T,-weighted FSE sequence.

Scanning parameters for axial T,-weighted FSE images
were as follows: TR/TE/NEX = 4000/101/3 with ETL of 20; signal BW of + 32 Khz;
imaging matrix = 256 x 256; section thickness, 5 mm; giving a voxel size 0.78 x 0.78
x 5 mm’ at a field of view 20 x 20 c¢m and total imaging time was 3 minutes 4

seconds.
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4.2.2.2 Measurement of SI

SI was measured on each of five fast FLAIR images and T,-
weighted FSE images with automated “Evaluate” features of the standard console. A
rectangle was placed within a particular anatomic structure on one image such as
periventricular lesions, CSF in lateral ventricle and WM that have side touching the
periventricular lesions (Figure 29). The rectangle was then placed on precisely the
same position on the remaining images.

To measure SI in the periventricular lesions and CSF, ROI were
routinely selected on the 2100 msec TI image, on which contrast is clearest. The other
images in this series were then examined to confirm that a single tissue type was
included within the ROI. To measure SI in WM, the ROI was first placed on the 2200

msec TI image, on which contrast is clearest.

GAUTRLAD HOUP,

Figure 29. Showing the measurement of SI of CSF, periventricular lesion, and WM

in fast FLAIR axial image of 61 years old male.
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4.2.2.3 Measurement of standard deviation (SD) of background air

The SD of the mean SI of background air was used to estimate
noise. This SD was measured in areas free of ghost artifacts (SDy;), and then the
rectangle was placed on precisely the same volume of background air on each the
other images.

4.2.2.4 The precision of random sampling for SI measurement.

To determine variation in random sampling  for SI
measurement, we measured SI in three different area within each lesion, CSF, and
WM (Figure 30). The coefficient of variation (SD divided by the mean) of SI in three
different areas within each lesion, CSF, and WM represents to the precision of random
sampling.

4.2.2.5 Objective image assessment.

For objective image assessment, SNR of the individual type

tissues, CR and CNR of periventricular lesions to normal adjacent WM and CSF, were

determined by following the equations(17), (14) and (15), respectively.

SNRiissue = Stissue/ SDir (17)

CRuissue(1,2) = (Stissue(1) - Stissue(2)) / (Stissuet) + Stissue(2)) (14)

CNRyissue(1,2) = (Stissuet) = Stissue(2)) / SDair (15)
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Where SNR  is signal to noise ratio.

CR is contrast ratio.

CNR is contrast to noise ratio.

S is signal intensity.

Then SNR, CR, and CNR were compared among all of the five different TI
images to determined the TI that cause optimal CSF suppression.

The CR and CNR of the fast FLAIR images with the optimal inversion for
CSF suppression with good lesions to CSF contrast obtained from our study and those
of the fast FLAIR images with TR/TI 11000/2200 msec as recommended by Signa
Horizon 1.5 Tesla protocal guide for optimal CSF suppression with good gray to white
matter contrast (23) were compared by using a paired one-tailed ¢ test (P-value <
0.05). Research of John N.Rydberg (5) recommended TR/TI exceeding 11000/2600 to
provide 90% lesion (multiple sclerosis) to white matter contrast. So comparison
between CR, CNR of images with TI 2400 msec and optimal TI for CSF suppression
obtained from our study was done by using a paired one-tailed ¢ test (P-value < 0.05).
TI 2400 msec was used instead of TI 2600 because it is the maximal value in our
study.

Last, the SNR, CR and CNR of the fast FLAIR images with optimal TI for
CSF suppression and those of T,-weighted FSE images were compared by using a

paried one-tailed # test (p-value < 0.05).
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Figure 30. Showing the position of the random sampling to measure SI of each
tissues in fast FLAIR images. (A) the position of the lesion which was measured by
random sampling in three different areas. (B,C) the position of CSF and WM was

measured by random sampling in three different areas, respectively.
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CHAPTER V

RESULTS

5.1. Ty values of CSF in lateral ventricles.

T; value of CSF was measured in 20 healthy volunteers with IR technique.
The volunteers subjects (10 men, 10 women) ranged in age from 19 to 50 years (mean,
32.9+10.3). Tﬁey are Thais. The volunteers were performed with TR of 11,000 msec,
and three different TI values of 1500, 2000, 2600 msec. The SI of CSF was measured
on each of three IR images. The acquired data from measurement is plotted between
SI values with difference TI and determinate T, of CSF by using the SPSS program
for window. When we know T value of CSF, we can calculate interval of TI value to

get the signal from CSF to be null in the equation (1).

T, values of CSF were averaged from 14 healthy volunteers because lateral
ventricles of six volunteer subjects are too small to measure the SI, which calculation
of T; represent in Appendix A. T; value of CSF are shown in Table III, these data are
normal distribution with 95% confidence level. The mean T; value of CSF (+ S.D) in
14 volunteer subjects is 3225.7 £ 173.8 msec (3051.9 to 3399.5 msec), the coefficient
of variance is 5.39%. The statistical accuracy of these data is 95% confidence level
and 90% power of test, that maximum allowable error between this statistical sample

value and the population value is 5% of mean statistical sample value.
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No. |AGE|SEX | Tjof Lt. Ant.|Tjof Rt. Ant.| L /R ratio T,

horn (msec.) |horn (msec.) ( msec)

1 |19 M 3339.3 3166.9 1.054 3253.1
2 |22 | F 3301.1 3420.7. 0.965 3360.9
3122 | M 3198.4 3023.4 1.058 3110.9
4 |22 | M 3339.3 3141.1 1.063 3240.2
5123 | M 2853.5 2817.0 1.013 2835.2
6 |23 | M 33245 3281.4 1.013 3302.9
7126 | F 33523 3249.0 1.032 3300.7
8 | 34| F 3418.7 3298.5 1.036 3358.6
9 140 | M 2903.0 31073 0.934 3005.2
10| 42 | M 3256.8 3170.7 1.027 3213.8
11143 | F 3423.8 3211.2 1.066 3317.5
1243 | M 3419.7 3567.1 0.959 3493.4
13147 | F 3072.4 2991.5 1.027 3031.9
14|50 | M 3436.5 32332 1.063 3334.8
Mean 1.022 3225.7

Standard deviation 0.042 173.8
Variance 30189.1
Coefficient of variance 5.39%
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The ratio of T; CSF value in the left and right anterior horn of lateral
ventricles (L/R ratio) is measured by the precision of the T) measurement technique.
This ratio is 1.022 + 0.042. It is not significantly different from 1.000 indicating
symmetrical of right to left hemisphere identity, suggesting that within - volunteer
precision was excellent.

The result obtained in the our research, comparing the previous research, R.
Grant Steen and Suzanne A. Gronemeyer (8). From previous research (8), T, values
of CSF were measured in 26 healthy volunteers, (14 men, 12 women) ranged in age
from 18.2 to 59.6 years (mean 34.6 years £9.8). T; of CSF from previous research
were avearged from 20 volunteers because six subjects had ventricles too small for
measurement of SI. These data are listed in Table IV and summarized in Figure

31.

Table IV. Mean T relaxation time of CSF (£ S.D) of our and previous research (8).

Research Mean T, (msec) CV (%) Range (msec)
Our research 3,226 £ 174 5.4 2,835-3,494
Previous research 4,282 + 1,552 36.2 2,495-7,791
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Figure 31. Showing the mean (+ S.D) of T; of CSF obtained in our research, is in

interval of the mean (+ S.D)T; of CSF obtained in previous research.

5.2 Image assessments of fast FLAIR pulse sequence in various TI
5.2.1 SNR

The data measurements of SI of individual type tissue are shown in
Appendix D. The SI of each tissues is calculated for SNR. The precision of the
random sampling for SI measurement data are shown in Appendix C. These data of
SNR of individual types of tissue in various TI of fast FLAIR pulse sequence show in
Appendix E. The SNR of individual types of tissue in various TI of fast FLAIR pulse
sequence are normal distribution with 95% confidence level. The mean SNR of

individual types of tissue ( = S.D) versus various TI is plotted in Figure 32-34.

52.1.1 The mean SNR of the lesions versus various TI of FLAIR pulse
sequence is shown in Figure 32. The mean SNR of the lesion were obtained from 41

lesions, those increased with TI. From the data, the fast FLAIR pulse sequence with a
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lesions, those increased with TI. From the data, the fast FLAIR pulse sequence with a
TI of 2000 msec, give minimum average SNR of the lesion. While the fast FLAIR

pulse sequence with a TI of 2400 msec, give maximum average SNR of the lesion.

(98] W
(= W
po—t
—e—i
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Figure 32. Plot of the mean SNR of the lesions (+ SD) versus different TI. The mean

~ SNR of the lesions increased with TI.

5.2.1.2 The mean SNR of CSF versus various TI of the fast FLAIR
pulse sequence is shown in Figure 33. The mean SNR of CSF were obtained from 41
CSF areas. The fast FLAIR pulse sequence with a TI of 2100 msec, give minimum
mean SNR of CSF. The fast FLAIR pulse sequence with TI higher than 2100 msec is
increasing the value of mean SNR of CSF depend on the value of TI that is maximum
at 2400 msec. We calculated TI values that nulls the CSF signal from the equation

(10), expressing as:
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at 2400 msec. We calculated TI values that nulls the CSF signal from the equation

(10), expressing as:
TI(nun) =0.693 T1

This performance is consistent with a mean T of healthy volunteer from this
experiment (3225.7 msec). Therefore TI that nulls the CSF signal that calculate from
the equation (10) is 0.693 x 3225.7 msec = 2235 msec. But TI of CSF that gives near
zero or minimum of SNRcsr from this experiment of FLAIR pulse sequence‘ in
different TI, is TI of 2100 msec. It values difference from the null TI of CSF in

calculation from the equation (10)approximate 4%.
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Figure 33. Plot of the mean SNR of CSF (+ SD ) versus different TL The fast FLAIR
pulse sequence with a TI of 2100 msec, give minimum mean SNR of CSF. The fast
FLAIR pulse sequence with TI higher than 2100 msec, these values increased with TI

that is maximum at TI 2400 msec.
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FLAIR pulse sequence with TI higher than 2100 msec, these values increased with TI

that is maximum at TI 2400 msec.

5.2.1.3 The mean SNR of WM versus various TI of the fast FLAIR
pulse sequence is shown in Figure 34. The mean SNR of WM were obtained from 36
WM areas. They increased with TI. From the data, the fast FLAIR pulse sequence
with a TI of 2000 msec, give minimum average SNR of the WM. While the fast

FLAIR pulse sequence with a TI of 2400 msec, give maximum mean SNR of the

WM.

e T
12 + ‘1‘ T °
01 | L |
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Figure 34. Plot of the mean SNR of WM (+ SD ) versus different TI. The mean SNR
of WM increased with TI. These means that, for the fast FLAIR pulse sequence with a
TI of 2000 msec, give minimum mean SNR of WM. While the fast FLAIR pulse

sequence with a TI of 2400 msec, give maximum mean SNR of WM.
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The difference of the SNR in the lesion, CSF, and WM in various TI is shown
in Figure 35. The fast FLAIR pulse sequence of TI 2100 msec gives the maximum
difference of SNR between the lesions and CSF, while TI of 2400 msec gives the
minimum. Unlike the difference of SNR between lesion and WM, the difference of

SNR between the lesion and WM is maximum in TI 2400 msec, and minimum in TI

2000 msec.
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Figure 35. Plot of the difference of the SNR in the lesion, CSF, and WM in different

TL
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5.2.2 CNR
52.2.1 The CNR of the lesions to CSF are shown in Appendix E.

These data are normal distribution with 95% confidence level. The mean CNR of
lesions to CSF (+ S.D) versus various TI of the fast FLAIR pulse sequence were
obtained from 41 CNR of lesions to CSF, that are shown in the Figure 36. The fast
FLAIR pulse sequence provided the highest CNR of lesions to CSF in TI 2100 msec,
and the lowest CNR of lesions to CSF in TI 2400 msec. This means that, the fast
FLAIR pulse sequence with a TI of 2100 msec gives the maximum increasing lesion
conspicuity in the periventricular region. This result is similar to the different SNR

between the lesions and CSF.
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Figure 36. Plot of the mean CNR between the lesions and CSF versus different TI.
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5.2.2.2 The CNR of the lesions to WM are shown in Appendix E.
These data are normal distribution with 95% confidence level. The mean CNR of
lesions to WM (+ S.D) versus various TI of the fast FLAIR pulse sequence were
obtained from 36 CNR of lesions to WM, that are shown in the Figure 37. The fast
FLAIR pulse sequence with TI 2400 msec provided the highest CNR of lesions to WM
and the lowest CNR of lesions to WM in TI 2000 msec. This result is similar to the

different SNR between the lesions and WM.
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Figure 37. Plot of the mean CNR between the lesions and WM versus different TI.
The fast FLAIR pulse sequence of TI 2400 msec provided the highest CNR of the

lestons to WM, and the lowest CNR of the lesions to WM in TI 2000 msec.
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523 CR

5.2.3.1 The CR of the lesions to CSF is shown in Appendix E. These

data are normal distribution with 95% confidence level. The mean CR of the lesions to

CSF ( * S.D) versus various TI of the fast FLAIR pulse sequence were obtained from

41 CR of the lesions to CSF, that are shown in Figure 38. The fast FLAIR pulse

sequence with TI 2100 msec provided the highest CR of the lesions to CSF, and the

lowest CR of the lesions to CSF in TI 2400 msec. The result is similar to the CNR

of the lesion and CSF.
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Figure 38. Plot of the mean CR between the lesions and CSF versus different TI. The

fast FLAIR pulse sequence of TI 2100 msec provided maximum the mean CR of the

lesions to CSF, and minimum the mean CR of the lesions in TI 2400 msec.
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57.3.2 The CR of the lesions to WM is shown in Appendix E. These
data are normal distribution with 95% confidence level. The mean CR of the lesions to
WM (+ S.D) versus various TI of the fast FLAIR pulse sequence were obtained from
36 CR of the lesions to WM, that are shown in Figure 39. The fast FLAIR pulse
sequence of TI 2400 msec provided the highest CR of the lesions to WM, and the

lowest CR of the lesions to WM in TI 2000 msec. The result is similar to the CNR

between the lesions and WM.
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Figure 39. Plot of the mean CR between the lesions and WM versus different TI.
The fast FLAIR pulse sequence of TI 2400 msec provided the highest CR of the

lesions to WM and the lowest CR of the lesions to WM in TI 2000 msec.
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Images of fast FLAIR pulse sequence in difference TI from one patient studies
with periventricular lesion are shown in Figure 40( A-E ). The Figure 40B shows that
the fast FLAIR image with TI 2100 msec gives the best contrast enhancement of the
lesion to interfaces of CSF. The Figure 40 E shows that the fast FLAIR image with TI
2400 msec gives poor contrast enhancement of the lesion to interfaces of CSF.

The optimization of contrast is considered to the fast FLAIR pulse sequence,
specifically the contrast of the periventricular lesions to CSF. Our research show that
fast FLAIR images with TI 2100 msec provides the better CR and CNR of the
periventricular lesions to CSF than fast FLAIR images with TI 2000, 2200, 2300, and

2400 msec.
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Figure 40. Periventricular lesion in a 61-
years-old patient. (A) the fast FLAIR
images with TI2000 msec, (B) the fast

FLAIR images with TI 2100 msec gives

the best contrast enhancement of the
lesion to interfaces of CSF, (C,D) the fast FLAIR images with TI 2200, 2300 msec,
(E) the fast FLAIR images with TI 2400 msec gives poor contrast enhancement of the

lesion to interfaces of CSF.
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5.3 Image assessments of T,-weighted FSE images.

5.3.1 SNR

The SNR of individual type tissue for T,-weighted FSE techniques are
normal distribution with 95% confidence level. These data represent in Appendix F .

5.3.2 CNR and CR.

The CNR and CR of the lesions to CSF and WM for T,-weighted FSE

pulse sequence are normal distribution with 95% confidence level. These data

represent in Appendix F.

5.4 Comparing of the SNR, CNR and CR on the fast FLAIR images with optimal
TI for CSF suppression that obtained by our research, Signa Horizon 1.5 Tesla
protocal guide (23), previous research (5) and T,-weighted FSE images.

Our study shows that the fast FLAIR with optimal TI 2100 mesc provides CSF
suppression with good lesion to CSF contrast. The Signa Horizon 1.5 Tesla protocol
guide (23) recommend that the fast FLAIR with optimal TI 2200 msec for CSF
suppression with good gray to white matter contrast. The previous research (5)
recommended TR/TI exceeding 11000/2600 to provide 90% lesion (multiple sclerosis)

to WM contrast.

The SNR, CR, and CNR of FLAIR with optimal TI 2100 that obtained by our
research were compared with those of FLAIR with optimal TI 2200 as recommended
by Signa Horizon (23), FLAIR with optimal TI.2400 (T1 2400 msec was used instead
of TI 2600 because it is the maximal value in our study) as recommended by previous

research (5), and T, -weighted images.
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5.4.1 The SNR of the lesions, WM, and CSF.
The mean SNR of individual types tissue (£ S.D) for fast
FLAIR with TI 2100, 2200, 2400 msec and T,-weighted FSE images are shown in

TableV.

Table V. The SNR (mean + S.D) of individual types of the fast FLAIR images with TI

2100, 2200, 2400 msec and T>-weighted FSE images.

SNR of T,-weighted | FLAIR FSE with | FLAIR FSE | FLAIR FSE with
tissues FSE TI 2100 msec with TI TI 2400 msec
(Our research) 2200 msec | (Previous research)
(Signa)
SNResion 39.04+8.43 27.8414.82 28.77+£5.72 31.2346.65
SNRwm 14.44£1.97 11.28+1.68 11.51#2.15 |  11.7842.07
SNRcsk 60.28+7.41 2.411+0.91 3.80+1.85 10.39+2.51

Note.- FSE indicates fast spin-echo

The fast FLAIR images with optimal TI 2100 ‘msec for CSF
suppression that obtained by our research gives the maximum difference of the SNR
between the lesions and CSF, while those of T, -weighted FSE images is minimum.

These result are shown in Figure 41.
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Figure 41. Plot of the mean SNR (+ S.D) of the lesions and CSF in different

techniques.

5.4.2 The mean CNR of the lesions to CSF.

The mean CNR of lesions to CSF of the fast FLAIR images
with optimal TI 2100 msec for CSF suppression that obtained by our research was
greater than those of the fast FLAIR images with TI 2200 .msec as recommended by
Signa horizon (23) for CSF suppression, but this difference was not significant (p-
value > 0.05).

The CNR of the lgsions to CSF of FLAIR with TI 2100 (our
research), and FLAIR with TI 2200 (Signa Horizon) were significantly superior to T,-
weighted images (p-value < 0.05). Conversely, FLAIR images with TI 2400 (previous

research) is less CNR of the lesions to CSF than T,-weighted images, but this
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difference was not significant (p-value > 0.05). These results are summarized in Table

VIand Figure 42.

Table VI. The CR and CNR (mean * S.D) of the lesion to CSF and WM of the fast

FLAIR with TI 2100, 2200, 2400 msec and T,-weighted FSE images.

T,-weighted | FLAIR FSE with | FLAIR FSE | FLAIR FSE with TI
FSE TI 2100 msec with TI 2260 2400 msec
(This research) | msec (Signa)
Lesion to CSF
CR+£SD 0.22 £0.09 0.84 £ 0.05 0.77+0.09 0.50£0.09
CNR+SD | 21.24+£8.26 2542 +4.68 24.98+5.26 21.01+5.87
Lesion to WM
CR+SD 0.44 £ 0.07 0.41+£0.06 0.43+0.06 0.44£0.07
CNR+SD | 23.71+£7.70 16.17 £ 4.06 17.67+4.62 18.87£5.30

Note.- * Signa indicates Manufacturer recommendation.
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Figure 42. Plot of the mean CNR (£S.D) of the lesions to CSF versus different

techniques.

5.4.3 The mean CR of the lesions to CSF.

The mean CR of the lesions to CSF, fast FLAIR images with TI
2100 msec was significantly superior to fast FLAIR images with TI 2200 (p-value <

0.0005).

The mean CR of the lesions to CSF of FLAIR with TI 2100 (our
research), FLAIR with TI 2200 (Signa Horizon) were significantly superior to T»-
weighted images (p-value < 0.0005). These results are shown in Table VI and Figure

43.
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Plot of the mean CR (+S.D) of the lesions to CSF versus different

5.4.4 The mean CNR of the lesions to WM.

The mean CNR of the lesions to WM of the fast FLAIR images

with TI 2200 msec as recommended by Signa Horizon 1.5 Tesla protocol guide (23)

for CSF suppression were significantly superior to the fast FLAIR images with TI

2100 msec that obtained by our research for CSF suppression (p-value < 0.0005).

When we consider Figure 37 and 38, CNR and CR between the

lesions to WM was increased with TI that those maximum with TI 2400 msec. Then

we can estimate values of the CNR and CR between the lesion to WM from these

curve that fast FLAIR sequence with TI higher than 2400 msec should increased with

along TL This result is consistent with previous research, John N. Rydberg (5)
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recommend that TR/TI times exceeding 11000/2600 msec provide about 90% of the

lesion (multiple sclerosis) to WM contrast possible theoretically.

The mean CNR of the lesions to WM of the fast FLAIR images with TI
2400 msec as recommended by previous research (5) were significantly superior to the
fast FLAIR images with TI 2100 msec that obtained by our research for CSF
suppression (p-value < 0.0005).

The CNR of the lesions to WM of T,-weighted were significantly
superior to the FLAIR with TI 2100 (Our research), FLAIR images with TI 2200
(Signa Horizon), and FLAIR images with TI 2400 (Previous research)(p-value <

0.0005). These result are shown in Fig. 44.
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Figure 44. Plot of the mean CNR (£S.D) of the lesions to WM versus different

technique.
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5.4.5 The mean CR of the lesions to WM.

The mean CR of the lesions to WM, fast FLAIR images with TI
2200and TI 2400 msec was significantly superior to fast FLAIR images with TI
2100 (p-value < 0.005).

The CR of the lesions to WM of T,-weighted were significantly
superior to the FLAIR with TI 2100 (Our research), and FLAIR images with TI 2200
(Signa Horizon) (p-value < 0.005). Comparing FLAIR with TI 2400 (Previous
research) and T,-weighted images, CR of the lesions to WM were similar for both

sequences without statistical significance. These result are showed Figure 45.
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Figure 45. Plot of the mean CR (+S.D) of the lesions to WM versus different

technique.



Pathchraporn Saengruang-Om Results / 78

Therefore the fast FLAIR images with TI 2100 msec provides the
better optimal TI for CSF suppression with good periventricular lesions to CSF
contrast than fast FLAIR with TI 2000 (Signa Horizon), and with TI 2400 msec
(Previous research).

In addition to, the fast FLAIR images with optimal TI 2100 msec for
CSF suppression with good lesions to CSF contrast improved lesion conspicuity of
the periventricular lesions that have side touching the CSF border of lateral

ventricles more than T, -weighted FSE images (Figure 46) .
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Figure 46. Periventricular lesions in a 61-years-old patient. (A) T,-weighted FSE
axial image (TR/TE = 4000/101) demonstrates a lesion at the periventricular WM of
right parietal lobe. (B) fast FLAIR axial image (TR/TE/TI = 11,000/148/2100) shows
the same lesion with To-weighted image that it clearly visible than T,-weighted image

at the same level.
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CHAPTER VI

DISCUSSION

6.1 T; values of CSF in lateral ventricles.

Our research showed that the mean (£S.D) of T, relaxation time of CSF in
lateral ventri;:les of 14 healthy volunteers is 3,225.7 + 173.8. However, T; of CSF
(meantSD) obtained by previous research (8) was 4,282 + 1,552 msec. Our result is
consistency with previous research, R. Grant Steen and Suzanne A. Gronemeyer (8)
that the mean (x S.D) T, of CSF obtained in our research is in interval of the mean
(£ S.D) T, of CSF obtained in previous research (8). The mean T, of CSF obtained
in our research is 24.7 % less than that obtained in previous research (8), perhaps
because of difference in the method. Our research, T; was calculated by using the

equation [10] expressing as:

TInull = 0693 T]

When we know TI(null) of CSF, then we can solve this equation for T value of CSF.
We determine TI(null) by using the program SPSS 7.5 for window to estimate the
logarithmic curves that were plotted between SI of CSF and different TL But in the

previous research (8), T, value was calculated by using the mean SI values of CSF in
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different TI that were fitted to the following equation (18), adapted for the SigmaPlot

program (Jandel Scientific, San Rafael, Calif) on a Maclntosh Iivx;

SI=N(H) [ 1 +2e-(TR—TE/2)/TI_e-TR/TI_2e-TI/Tl] e-TEfl"2 (18)

Where N(H) is the spin-density factor, TR is 2,500 msec, TE is 20 msec, and TI is
100, 500, 900, or 2,460 msec.

However, the major disadvantage of the IR technique is that it takes a lot of
time, because it is necessary to use several different inversion time, and a long
examination caused problems in a clinical setting. Therefore, the next study should
improve to decrease the total examination time required for IR measurement of human

brain Ty, while maintaining the precision and accuracy inherent in the technique (8).

6.2 Image assessments of fast FLAIR pulse sequence in various TI.
6.2.1 SNR

The mean SNR of the lesion and WM increase with TI that is
maximum in fast FLAIR pulse sequence with TI 2400 msec, and minimum with TI
2000 msec. The longer TI allows the longitudinal magnetization of the lesions that are
flipped 180° to more recover along a T; growth curve before applying a 90° RF pulse
(2). The amount of magnetization flipped into the x-y plane will depend on the amount
of the longitudinal magnetization that has recovered during time TI. We measure this
flipped magnetization. Therefore, at this point we get a free induction decay

proportional to the longitudinal magnetization flipped into the x-y plane.
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When we compare the mean SI between the lesion and WM at the same TI, the
mean SI of the lesion is greater than WM. Most pathological lesions have slower T1
recovery curves than those of WM because of their vasogenic edema (which contains
H,0) and also have a longer T, than that WM (13). Then after the lesions and WM
have flipped 180°, the T, recovery curve for the lesion begins lower that is more
negatives along the Z axis than is WM. The longitudinal magnetization for the lesion
grows along its Ty recovery curve until it reaches its maximum. The T, growth curve
for WM, because of its shorter Ty, it recovers more rapidly along its T; curve than
does the lesion to reach its maximum. FLAIR sequence uses a long TE to enhance the
T, effect, so at the time T1, a 90° excitation pulse is applied. The lesion and WM will
have longitudinal magnetization that will flip into the x-y plane and give off a signal
according to their T, curves. The lesions have the lesser dephasing, and thus longer T
decay curve than WM (Figure 16). Therefore the lesions are brighter than WM and
have SI more than WM. The relationship between increased inversion time and signal
intensity is that when TI is increased, the SI of WM is less increased than SI of the
lesion because WM has shorter T} and recovers more rapidly along its T; curve than
lesions to reach its maximum (17).

The mean SI of CSF is minimum (near zero) in the fast FLAIR pulse sequence
with TI 2100 msec. This TI valued is difference from the null TI of CSF in calculation
in the equation (10) approximate 4%, these difference is not significant. However,
when we consider the Figure 33, it shows the null SI of CSF is between TI 2100 and

2200 msec. So the next study should measurement the mean SI of CSF in FLAIR
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pulse sequence with TI values between TI 2100 and 2200 msec to provide the null SI

of CSF

6.2.2 CNR and CR

Our research showed that the fast FLAIR pulse sequence with optimal
TI 2100 msec for optimal CSF suppression, provided the highest CNR and CR
between lesions to CSF. While Signa Horizon 1.5 Tesla protocol guide recommend
fast FLAIR sequence with TI 2200 msec for optimal CSF suppression. Comparing of
both techniques, lesions to CSF contrast to noise ratio was greater for the fast FLAIR
with TI 2100 msec than for the fast FLAIR sequence with TI 2200 msec, but this
difference was not significant (p-value > 0.05). Lesions to CSF contrast ratio was
significantly higher for the fast FLAIR with TI 2100 msec than for the fast FLAIR
sequence with TI 2200 msec (p-value < 0.0005).

These difference may be because Signa Horizon 1.5 Tesla protocol
guide is considered for theTT that is optimal suppression with good gray-white matter
contrast (23). While this research is considered for the TI that is optimal CSF
suppression with good lesion to CSF contrast.

The result shows the fast FLAIR with TI 2100 msec provides the
optimal TI for CSF suppression with good periventricular lesions to CSF more than
fast FLAIR with TI 2200 msec (Signa Horizon) and TI 2400 msec (Previous research).
However, Figure 36 and 37, show that the fast FLAIR sequence with TI 2100 and
2200 msec provides the higher CNR and CR than another TI. Then further study

should study the CNR and CR between the lesion to CSF in fast FLAIR sequence with
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TT values between TI 2100 and 2200 msec to provide the best optimal TI for CSF

suppression with good periventricular lesions to CSF.

6.3 Image assessments of the lesion to CSF contrast optimized of the fast FLAIR
images and T,-weighted FSE images.

The SNR of the lesion, CSF and WM on T,-weighted FSE images were
greater than on the fast FLAIR images with TI 2100 (Our research), TI 2200 (Signa
Horizon), and TI 2400 msec (Previous research) (p-value < 0.0005). Low SNR of
lesion and WM on fast FLAIR images with different TI because 90° RF exciting
pulse is applied at a TI, after the 180° inverting pulse. This 90° RF exciting pulse flips
the partially recovery of longitudinal magnetization into the transverse plane. So the
signal of the lesion and WM on the fast FLAIR images decrease.

The CNR between the periventricular lesions to CSF on the fast FLAIR images
with TI 2100 msec (Our research) was significantly superior to T,-weighted FSE
images (p-value < 0.05). The CNR values between the periventricular lesions to CSF
depend on CR of the lesions to CSF, and SNR of both tissues. When we consider
Fig.41, it shows our research technique provides the higher difference between the
SNR of the lesions and CSF than T,-weighted FSE sequence. Although the T»-
weighted FSE sequence provides the high SNR of both tissues more than our research
techniques, but the effect of the difference between the SNR of the lesion and CSF is
more than those of the SNR of both tissues.

In contrast, the CNR and CR between the periventricular lesion to WM on T5-

weighted FSE images was significantly superior to the fast FLAIR images with TI
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2100 msec (p-value < 0.005). The data in appendix E and F show T,-weighted FSE
images provides the high difference between the SNR of the lesion and WM, and
SNR of both tissues more than fast FLAIR images with TI 2100 msec.

These result; are consistent with previous research, T OKUDA and Y
KOROGI (24) that evaluate the usefulness of FLAIR techniques comparing with T5-
weighted FSE techniques in patients with periventricular leukomalacia (PVL) .

However, because the pathology of periventricular lesions in our study was not
obtained which may effect our image assessment, further study of selected pathology

should be performed.
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CHAPTER VII

CONCLUSION

This study demonstrates that the optimal inversion time for optimum CSF
suppression with good periventricular lesions to CSF for fast fluid-attenuated
inversion recovery (FLAIR) pulse sequence is 2100 msec. We found the fast FLAIR
pulse sequence with TI 2100 msec was superior to Tp-weighed fast spin echo pulse
sequence in demonstrating periventricular lesions located near the interfaces of CSF.

The limitation of this study are small sample size and nonselected pathologies
lesion which may have effect upon the image assessments. Further study with larger
sample size and base on selected pathologies lesion may be needed for better analysis
of the accuracy of the optimization of the periventricular lesions to CSF contrast for

the FLAIR technique compare to T,-weighed spin echo technique.
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APPENDIX A

THE EXAMPLE OF T, CALCULATION.

Table A. SI of CSF was measured on each of three IR images of a single volunteer.

TI (msec) SI Area (mm2)
1500 -273.2 3
2000 -71.2 3
2600 124.1 3

The values SI acquired from the measurement were plotted versus TI by using
the program package SPSS 7.5 for window (Fig.42). This program will show
logarithmic curve, variables and constant of logarithmic curve. We can determine

TI (null ) by using constants of logarithmic curve in the equation (16) :
YSD=BIhTI+C

Where, B (722.869) and C (-5581.75) are constants that show in Figure 47.
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Dependent variable.. SI Method.. LOGARITH
Multiple R .99986
R Square .99972

Adjusted R Square .99943
Standard Error ~ 4.72875

Analysis of Variance:
DF Sum of Squares  Mean Square

Regression 1 78908.766 78908.766
Residuals 1 22.361 22.361

F= 3528.83902  Signif F= .0107

Variable B SEB  Beta T SigT
TI 721.979803 12.153717 .999858 59.404 .0107
(Constant) -5555.038414 92.317029 -60.173 .0106
Sl
200
100 4
O o
-100 «
-200 «
Observed
-300 i} i} _ _ . _ B Logarithmic
1400 1600 1800 2000 2200 2400 2600 2800
Ti

Fig. 47 Showing logarithmic curve and its constant of data in Table A that is

estimated by SPSS programfor window.
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At null point, the SI is zero,then

0= 722.869 In Ty + (-5581.75)

TInull =2313.69 msec

oL ganES

We calculate T; of CSF in the equation (10) :

Tloutt of csr = 0.693 X T of csF
T1 of CSF — 2313.69/0.693 msec
T1 of CSF = 3338.66 msec.

Therefore T of csr of a single volunteer is 3338.66 msec.

45493
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APPENDIX B

SCAN PARAMETERS WHICH AFFECT SNR

The important scan parameters in MR. imaging that control and adjust SNR
were voxel volume, NEX, number of phase encoding steps (N,), bandwidth (BW).

SNR is given by equation (18):

SNR o (voxel volume)V (Ny) NEX) / BW (18)

Where,voxel volume is AX.AY .AZ that, AX is pixel size in the x direction.
AY is pixel size in the y direction.
AZ is slice thickness.
Ny 1s number of phase-encoding steps
NEX is number of excitation
BW is bandwidth

The pixel size along x-direction (AX) is given by equation (13):

FOV = (pixel size) x (number of pixels)

Therefore, the pixel size along x-direction (AX) is given by equation (20):
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AX = FOV,/ Ny (20)

Where, FOV, is field of view along x-direction
Ny is number of frequency-encoding steps

The pixel size along y-direction (AY) is given by equation (21): (13)

AY = FOV,/N, Q1)

Where, FOV, is field of view along y-direction

Incorporating equations (20) and (21) into equation (17) gives us another way

of expressing SNR:

SNR = (FOV,/ Ny) . (FOVy) . AZVINEX) / (N,) . BW) (22

Difference of scanning parameters between fast FLAIR pulse sequence and T,-

weighted FSE pulse sequence were NEX and N,.

Then, SNR =K V (NEX) / (Ny)

Where, K is constant that is [(FOVy/ Ny) . (FOV,)]/ (BW)
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So, SNR(3NEX, 256x256) of T,-weighted FSE pulse sequence must transfer
to SNR at same NEX and N, with fast FLAIR pulse sequence ( 1 NEX, 256 x 192) as

follow:

SNR of Tz-WCighted images (INEX, 256x192) = K‘l (NEX =1)/(Ny(192)
SNR of T,-weighted images (3NEX, 256x256) K~ (NEX =3)/ (Ny (255))

SNR of Tz-weighted images (INEX, 256x192) = \l (1) / (192)
SNR of T,-weighted images anex, 2s6x2s6) ¥ (3) / (256)

SNR of and Tz-weighted images (INEX, 256x192) = 0.666667
SNR of and Tz-weighted images (3NEX, 256x256)

SNR of and Tz-weighted images (INEX, 256x192) = (0666667) x SNR of and Tz-

T,-weighted images (snex, 256x256)
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APPENDIX C

THE PRECISION OF THE RANDOM SAMPLING FOR

SIGNAL INTENSITY MEASUREMENTS.

The data of the precision of random sampling for SI measurement in the lesions

of the fast FLAIR pulse sequence with TI 2000 msec

No. | S Sk, SL; SI |Area(mm?)| S.D CV (%)

1 | 1947 | 181.5 | 190.5 | 188.9 10.0 6.7 3.57

2 | 265.0 | 272.5 | 264.5 | 2673 100 | 45 1.68

3| 2391 | 239.7 | 2425 | 2404 10.0 1.8 0.75

4 | 239.6 | 237.1 | 2392 | 2386 10.0 1.3 0.56

5 | 241.7 | 251.8 | 253.0 | 2488 10.0 6.2 2.49

6 | 288.0 | 290.5 | 288.9 | 289.1 10.0 1.3 0.44

7 | 281.4 | 2865 | 2889 | 285.6 10.0 3.8 1.34

Mean + S.D 1.55 +1.146

The data of the precision of random sampling for SI measurement in the lesions

of the fast FLAIR pulse sequence with TI 2100 msec

No. | SI SL, SI; SI |Area (mm?)| S.D CV(%)
1 | 288.6 | 286.6 | 289.2 | 288.1 10.0 1.4 0.47
2 | 2552 | 259.6 | 252.8 | 255.9 10.0 3.4 1.35
3| 2524 | 2452 | 2483 | 2486 10.0 3.6 1.45
4 | 2674 | 2688 | 2573 | 264.5 10.0 6.3 2.37
5 | 301.8 | 311.6 | 308.0 | 307.1 10.0 5.0 1.61
6 | 304.6 | 311.9 | 306.0 | 307.5 10.0 3.9 1.26
7 | 2954 | 307.0 | 297.0 | 299.8 10.0 6.3 2.10
Mean + S.D 1.52 £ 0.615
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The data of the precision of random sampling for SI measurements in the lesions

of the fast FLAIR pulse sequence with TI 2200 msec

No. ST, Sh SI; SI [Area (mm”)| S.D CV(%)
1 2252 | 212.1 | 2109 | 216.1 10.0 6.5 3.00
2 307.5 | 289.8 | 304.6 | 300.6 10.0 7.8 2.58
3 258.1 | 2682 | 271.9 | 266.1 10.0 5.8 2.19
4 259.5 | 2482 | 2542 | 254.0 10.0 4.6 1.82
5 318.8 | 327.6 | 325.2 | 323.9 10.0 3.7 1.15
6 340.1 | 349.2 | 331.6 | 3403 10.0 7.2 2.11
7 302.1 | 308.0 | 3229 | 311.0 10.0 8.8 2.81
Mean £ S.D 2.24 +£0.634

The data of the precision of random sampling for SI measurements in the lesions

of the fast FLAIR pulse sequence with TI 2300 msec

No. SI, Sk Sh; SI [Area (mm%)| S.D CV(%)
1 320.1 | 313.4 | 317.5 | 317.0 10.0 34 1.07
2 279.8 | 2779 | 2775 | 278.4 10.0 1.2 0.44
3 2772 | 263.7 | 266.6 | 269.2 10.0 Vel 2.64
4 294.0 | 3005 | 296.8 | 297.1 10.0 33 1.10
5 329.6 | 343.6 | 3399 | 337.7 10.0 7.3 2.15
6 3594 | 363.4 | 340.0 | 3543 10.0 12.5 3.53
7 341.4 | 3573 | 340.2 | 3463 10.0 9.5 2.76

Mean + S.D 1.95+ 1.1
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The data of the precision of random sampling for SI measurements in the lesions

of the fast FLAIR pulse sequence with TI 2400 msec

No. | SI, SL, SI; SI |Area (mm*)| S.D CV(%)
2 | 259.1 | 243.8 | 249.1 | 250.7 10.0 7.8 3.10
3 13393 | 319.8 | 326.5 | 328.5 10.0 9.9 3.02
4 | 2936 | 2887 | 291.5 | 2913 10.0 2.5 0.84
5 | 2814 | 2756 | 270.1 | 275.7 10.0 5.7 2.05
6 | 308.7 | 313.8 | 301.1 | 307.9 10.0 6.4 2.08
8 | 373.8 | 3748 | 376.8 | 375.1 10.0 1.5 0.41
10 | 341.1 | 371.1 | 356.9 | 356.4 100 |[15.0 421

Mean + S.D 224+1.3

The data of the precision of random sampling for SI measurements in WM of the

fast FLAIR pulse sequence with TI 2000 msec

No. | SI SL, SL; SI [Area (mm%)| S.D CV(%)
1 | 877 | 887 | 815 | 86.0 7 3.2 3.70
2 | 777 | 806 | 828 | 804 7 2.1 2.60
3 ] 885 | 966 | 909 | 92.0 7 3.4 3.69
4 | 824 | 875 | 813 | 837 7 2.7 3.23
5 | 854 | 809 | 893 | 852 7 3.4 4.03
6 | 990 | 1064 | 99.4 | 1016 7 3.4 3.34
7 | 999 | 1059 | 106.8 | 104.2 7 3.1 2.94
Mean + S.D 3.36 + 0.492
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The data of the precision of random sampling for SI measurements in WM of the

fast FLAIR pulse sequence with TI 2100 msec

No. ST SL ST; SI |Area (mm?)| S.D CV(%)
1 87.2 85.2 80.1 84.2 7 3.7 4.35
2 89.1 80.8 85.9 853 7 4.2 491
3 81.2 85.2 88.8 85.1 7 3.8 4.47
4 88.4 90.0 83.3 87.2 7 3.5 4.01
5 92.6 85.0 87.1 88.2 7 3.9 445
6 108.0 | 105.7 | 106.9 | 106.9 7 1.2 1.08
7 97.4 100.2 | 104.9 | 100.8 7 3.8 3.76
Mean + S.D 3.86 + 1.281

The data of the precision of random sampling for SI measurements in WM of the

fast FLAIR pulse sequence with TI 2200 msec

No. ST ST, SI; SI |Area (mm?)]| S.D CV(%)
1 83.4 86.9 85.6 85.3 7 1.8 2.07
2 83.1 79.9 713 80.1 7 29 3.63
3 93.6 96.1 91.8 93.8 7 %2 2.30
4 84.1 83.9 80.9 83.0 7 1.8 2.15
5 96.3 91.6 95.5 94.5 7 2.5 2.66
6 105 102.3 102.7 | 103.3 7 1.5 1.41
7 101.3 | 104.6 | 1074 | 1044 7 3.1 292
Mean + S.D 2.45+0.706
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The data of the precision of random sampling for SI measurements in WM of the

fast FLAIR pulse sequence with TI 2300 msec

No. | SI, SI, SI; SI |Area (mm”)| S.D CV(%)
1 | 922 | 964 | 897 | 928 7 3.4 3.65
2 | 77.1 | 768 | 742 | 76.0 7 1.6 2.10
3 | 972 | 891 | 962 | 94.2 7 4.4 4.69
4 | 942 | 926 | 91.9 | 929 7 1.2 1.27
5 1 837 | 8.1 | 914 | 88.1 7 4.0 4.49
6 | 1159 | 1173 | 1147 | 116.0 7 1.3 1.12
7 | 1077 | 107.3 | 113.3 | 109.4 7 3.4 3.07
Mean + S.D 2.91 £ 1.459

The data of the precision of random sampling for SI measurements in WM of the

fast FLAIR pulse sequence with TI 2400 msec

No. | SI S SI; SI [Area (mm’)| S.D CV(%)
I | 855 | 904 | 898 | 886 7 2.7 3.02
2 | 881 | 851 | 886 | 873 7 1.9 2.17
3 | 953 | 935 | 944 | 944 7 0.9 0.95
4 | 961 | 1061 | 995 | 1006 7 5.1 5.06
5 1 909 | 931 | 948 | 929 7 2.0 2.10
6 | 105.1 | 1155 | 1132 | 111.3 7 5.5 491
7 11039 | 100.6 | 1104 | 105.0 7 5.0 4.75
Mean + S.D 3.28 + 1.637
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The data of the precision of random sampling for SI measurements in CSF of the
fast FLAIR pulse sequence with TI 2000 msec

No. | SI SL Sl SI [Area (mm®[ SD CV(%)
I | 486 | 445 | 371 | 434 7 48 10.97
2 | 417 | 380 | 430 | 409 7 2.1 5.18
3 | 347 | 366 | 401 | 37.1 7 2.2 6.02
4 | 330 | 339 | 406 | 358 7 3.4 9.46
5 | 455 | 426 | 401 | 427 7 2.2 5.16
6 | 406 | 340 | 356 | 367 7 2.8 7.65
7 | 186 | 209 | 198 | 19.8 7 0.9 4.75
Mean + S.D 7.03 £2.412

The data of the precision of random sampling for SI measurements in CSF of the

fast FLAIR pulse sequence with TI 2100 msec

No. | S SI, SL; SI |Area (mm”)| S.D CV(%)
1| 161 | 169 | 155 | 162 7.0 0.7 4.34
2 9.9 124 | 112 | 112 7.0 1.3 11.20
3 ] 189 | 225 | 202 | 205 7.0 1.8 8.88
4 | 132 | 99 10.7 | 11.3 7.0 1.7 15.28
5 1 360 | 350 | 325 | 345 7.0 1.8 5.23
6 | 212 | 192 | 240 | 215 7.0 2.4 11.23
7 | 138 | 140 | 152 | 143 7.0 0.8 5.28
Mean + S.D 8.78 + 4.054
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The data of the precision of random sampling for SI measurements in CSF of the
fast FLAIR pulse sequence with TI 2200 msec

No. | SI SL, SI; SI |Area(mm?)| S.D CV(%)
1 | 403 | 383 | 39.6 | 394 7 1.0 2.58
2 | 273 | 247 | 309 | 276 7 3.1 11.27
3 | 383 | 35.1 383 | 372 7 1.8 4.96
4 | 336 | 374 | 322 | 344 7 2.7 7.82
5 | 251 | 239 | 283 | 258 7 2.3 8.83
6 | 369 | 425 | 467 | 420 7 4.9 11.70
7 | 543 | 568 | 51.8 | 543 7 2.5 4.60
Mean + S.D 7.39 +3.48

The data of the precision of random sampling for SI measurements in CSF of the

fast FLAIR pulse sequence with TI 2300 msec

No. | S, SL S SI [Area (mm’)| S.D CV(%)
I | 755 | 708 | 805 | 756 7 4.9 6.42
2 | 673 | 60.1 | 531 | 602 7 7.1 11.80
3 ] 770 | 8.2 | 83 | 828 7 5.1 6.12
4 | 737 | 786 | 8.5 | 783 7 44 5.63
5 | 582 | 649 | 653 | 62.8 7 4.0 6.35
6 | 741 | 711 | 711 | 721 7 1.7 2.40
7 | 366 | 418 | 418 | 40.1 7 3.0 7.49
Mean £ S.D 6.60 + 2.791
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The data of the precision of random sampling for SI measurements in CSF of the

fast FLAIR pulse sequence with TI 2400 msec

No. | ST, SL, SI; SI [Area (mm?)| S.D CV(%)
1 | 1043 | 1012 | 104.7 | 103.4 7 1.9 1.85
2 | 107.5 | 100.1 | 106.4 | 104.7 7 4.0 3.81
3 | 1059 | 111.9 | 1103 | 109.4 7 3.1 2.84
4 | 848 | 79.1 80.3 | 81.4 7 3.0 3.69
5 | 973 | 1055 | 98.1 | 100.3 7 4.5 4.51
6 | 752 | 723 | 688 | 72.1 7 3.2 4.44
7 | 963 | 97.0 | 924 | 952 7 2.5 2.60
Mean = S.D 3.39+£0.993
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APPENDIX D

THE DATA MEASUREMENTS OF SI

OF fast FLAIR PULSE SEQUENCE.

The data measurements of SI of fast FLAIR pulse sequence

with TT 2000 msec
No. | SEX |SIof lesion |SIof WM.| SI of CSF SDair
1 F 224.6 96.2 322 8.2
2 F 208.7 80.4 34.2 8.2
3 M 223.8 853 37.2 8.1
4 F 206.4 87.5 38.2 7.4
5 F 188.0 90.1 17.1 8.1
6 F 230.0 89.3 29.2 8.1
7 M 220.6 92.1 31.5 8.2
8 M 183.1 81.5 18.2 8.2
9 M 199.5 70.2 23.4 8.2
10| M 199.4 86.7 | 13.1 8.2
11 M 207.0 94.9 30.9 8.5
12 M 181.1 92.8 30.3 8.5
13 M 220.8 78.2 16.8 8.5
14 M 202.3 78.5 35.0 10.6
15 M 144.6 69.6 44.6 10.6
16 F 245.2 93.0 13.0 7.6
17 F 244.6 121.1 17.8 7.8
18 M 237.5 99.9 50.0 8.9
19 M 242.5 102.6 30.5 8.9
20 M 190.8 91.0 48.8 9.8
21 M 190.1 79.3 443 9.8
22 F 185.2 107.0 51.4 J15
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The data measurements of SI of fast FLAIR pulse sequence
with TI 2000 msec (Continued).

No. | SEX |{SIof lesion |SIof WM.| SIof CSF SDair
23 F 280.9 102.1 45.3 7.5
24 F 281.6 112.7 45.3 7.5
25 F 264.1 99.9 40.8 7.5
26 F 281.8 98.2 314 7.5
27 F 209.6 80.5 26.6 9.1
28 M 126.1 65.9 30.0 6.8
29 M 151.6 69.6 26.2 6.8
30 F 189.8 91.0 41.8 8.1
31 F 190.0 82.6 57.5 8.1
32 F 228.7 106.1 30.6 8.2
33 F 220.9 115.6 24.9 8.2
34 F 298.9 93.1 44.5 8.2
35 F 227.9 97.8 44.5 8.2
36 F 191.8 97.8 44.5 8.2
37 M 200.0 - 21.0 9.8
38 F 257.4 - 35.8 8.9
39 F 265.8 - 543 8.9
40 F 273.6 - 46.2 8.9
41 F 270.6 - 44.0 8.9
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The data measurements of SI of fast FLAIR pulse sequence

with T1 2100 msec
No. | SEX |[SIof lesion |SIof WM.| SI of CSF SDair
1 F 200.7 99.8 13.9 8.8
2 F 215.0 99.8 16.0 8.8
3 M 248.7 86.6 12.6 7.6
4 F 220.6 79.4 17.2 7.7
5 F 188.6 89.8 19.2 8.1
6 F 241.2 89.2 12.7 8.1
7 M 231.5 89.4 12.1 8.5
8 M 190.9 84.0 18.5 8.5
9 M 197.7 78.5 15.5 8.5
10 M 228.1 83.0 27.7 8.5
11 M 213.9 92.6 9.3 8.2
12 M 199.9 88.5 12.5 8.2
13 M 222.6 93.4 28.2 8.2
14 M 195.6 68.4 28.6 9.5
15 M 171.0 87.2 18.5 9.5
16 F 258.2 96.6 39.5 8.2
17 F 268.2 132.8 37.7 8.2
18 M 257.4 103.7 26.3 8.5
19 M 255.8 115.8 18.5 8.5
20 M 212.3 82.6 242 8.2
21 M 205.5 75.9 20.5 8.2
22 F 190.6 103.1 22.4 8.6
23 F 291.7 99.9 14.7 8.6
24 F 301.9 112.9 14.7 8.6
25 F 283.9 102.2 27.4 8.6
26 F 295.0 102.6 39.3 8.6
27 F 224.2 82.6 14.5 8.8
28 M 132.1 69.5 14.0 7.4
29 M 152.0 72.2 9.0 7.4
30 F 191.8 95.8 17.2 7.7
31 F 217.3 87.7 24.8 7.7
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The data measurements of SI of fast FLAIR pulse sequence
with 2100 msec (Continued).

No. | SEX |{SIof lesion |SIof WM.| SI of CSF SDair
32 F 274.0 109.1 18.4 8.2
33 F 241.9 103.8 17.8 8.2
34 F 307.4 95.0 15.9 8.2
35 F 252.0 110.2 15.9 8.2
36 F 234.8 110.2 15.9 8.2
37 M 211.7 - 31.5 8.2
38 F 270.2 - 18.9 9.0
39 F 291.0 - 28.4 9.0
40 F 301.6 - 16.2 9.0
4] F 280.9 - 25.1 9.0
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The data measurements of SI of fast FLAIR pulse sequence

with TI 2200 msec.

No. | SEX |SIof lesion |SIof WM.| SI of CSF SDair
1 F 217.1 94.2 41.6 9.0
2 F 225.1 89.9 38.8 9.0
3 M 261.9 96.3 28.7 7.8
4 F 224.6 82.0 29.8 7.3
5 F 189.4 94.8 53.2 8.1
6 F 271.3 92.7 37.8 8.1
7 M 238.6 91.1 22.4 9.4
8 M 190.3 71.5 36.8 94
9 M 211.1 75.5 32.2 9.4
10 M 215.2 71.5 40.0 94
11 M 228.1 98.9 28.0 8.8
12 M 211.1 96.6 24.8 8.8
13 M 243.8 84.1 54.2 8.8
14 M 242.6 72.7 7.0 9.4
15 M 175.8 IS 14.7 9.4
16 F 270.0 103.5 74.9 7.8
17 F 292.4 142.1 64.8 8.2
18 M 261.8 107.9 15.2 9.1
19 M 262.8 109.7 29.9 9.1
20 M 203.7 86.1 25.8 8.2
21 M 217.0 753 19.0 8.2
22 F 204.7 106.6 24.6 7.9
23 F 310.4 105.2 35.8 7.9
24 F 320.8 119.9 35.8 7.9
25 F 310.3 106.5 39.8 7.9
26 F 316.6 103.5 55.8 7.9
27 F 239.2 82.4 24.1 8.3
28 M 179.3 75.2 13.6 7.0
29 M 162.8 70.6 26.8 7.0
30 F 192.5 92.4 25.9 7.5
31 F 225.6 88.7 16.2 7.5
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The data measurements of SI of fast FLAIR pulse sequence
with TI 2200 msec (Continued).

No. | SEX |SIof lesion |SIof WM.| SIof CSF SDair
32 F 268.1 116.3 35.7 8.1
33 F 274.5 110.3 46.8 8.1
34 F 3243 101.1 18.7 8.1
35 F 264.0 106.3 18.7 8.1
36 F 239.6 106.3 18.7 8.1
37 M 223.7 - 48.8 8.2
38 F 297.8 - 41.7 11.5
39 F 275.4 - 20.2 11.5
40 F 282.1 - 23.1 11.5
4] F 316.4 - 26.8 11.5
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The data measurements of SI of fast FLAIR pulse sequence

with TI 2300 msec.

No. | SEX [SIof lesion [SIof WM.| SIof CSF SDair
1 F 2049 97.9 72.0 8.8
2 F 213.2 100.9 73.2 8.8
3 M 265.4 87.0 63.2 7.9
4 F 226.9 85.9 59.1 7.2
5 F 187.0 96.2 82.5 8.7
6 F 269.8 90.6 69.3 8.7
7 M 222.5 106.6 50.1 8.8
8 M 189.4 82.5 67.4 8.8
9 M 215.0 943 67.4 8.8
10 M 212.2 79.5 78.0 8.8
11 M 2474 99.6 61.7 8.9
12 M 229.7 99.8 47.6 8.9
13 M 234.8 94.9 91.5 8.9
14 M 266.8 76.3 38.6 9.4
15 M 179.4 88.1 28.0 9.4
16 F 289.2 105.5 110.4 8.0
17 F Sl 140.6 105.1 8.2
18 M 285.1 111.7 36.2 8.6
19 M 279.3 111.2 68.6 8.6
20 M 204.9 86.9 66.7 9.3
21 M 222.7 72.5 49.6 93
22 F 207.2 112.1 59.9 7.8
23 F 323.5 102.6 74.2 7.8
24 F 341.6 118.2 74.2 7.8
25 F 327.7 111.4 86.4 7.8
26 F 322.2 101.2 80.3 7.8
27 F 247.6 91.2 50.9 9.1
28 M 179.6 72.8 35.8 73
29 M 165.8 66.9 44.0 7.3
30 F 226.9 94.0 51.8 8.4
31 F 230.6 87.2 41.6 8.4
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The data measurements of SI of fast FLAIR pulse sequence
with TI 2300 msec (Continued).

No. | SEX |SIof lesion |SIof WM.| SI of CSF SDair
32 F 270.6 110.9 58.7 83
33 F 291.0 113.5 72.8 83
34 F 330.7 100.9 60.1 8.3
35 F 275.8 106.2 60.1 8.3
36 F 244.0 106.2 60.1 8.3
37 M 217.9 - 63.6 9.3
38 F 289.3 - 48.2 93
39 F 318.2 - 49.6 9.3
40 F 341.3 - 56.7 93
41 F 305.4 - 62.1 9.3
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The data measurements of SI of fast FLAIR pulse sequence
with TI 2400 msec .

No. | SEX [SIof lesion |SIof WM.| SIof CSF] SDair
1 | F 225.5 942 108.1 8.8
2 | F 240.3 95.9 109.6 8.8
3] M 269.5 88.6 83.1 7.5
4| F 241.4 90.4 83.9 7.4
5| F 203.2 92.0 106.9 8.6
6 | F 281.8 88.5 97.4 8.6
71 M 242 4 110.5 72.6 9.5
g | M 205.1 74.5 97.9 9.5
9 | M 222.8 105.9 90.6 9.5
10| M 243.8 82.8 103.4 9.5
11| M 241.4 97.8 79.1 8.0
12| M 245.4 93.7 77.4 8.0
13| M 244.1 92.2 118.8 8.0
14| M 270.8 89.0 64.9 9.6
15| M 161.2 99.9 66.4 9.6
16 | F 303.6 107.6 142.0 7.4
17 | F 341.0 145.5 135.6 7.9
18| M 288.9 113.8 57.8 8.4
19| M 295.8 114.3 85.1 8.4
20| M 214.4 88.6 74.3 8.5
21 M 230.9 71.1 63.8 8.5
2| F 215.4 115.6 62.7 8.6
23| F 321.8 92.7 86.3 8.6
24 | F 311.0 120.1 86.3 8.6
25| F 336.8 116.6 96.1 8.6
26 | F 333.7 111.1 97.9 8.6
27 | F 260.8 90.4 78.0 7.7
28 | M 156.9 70.5 61.8 7.5
29 | M 162.4 78.1 66.9 7.5
30| F 234.8 92.1 84.8 8.8
31| F 2457 94.6 72.8 8.8
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The data measurements of SI of fast FLAIR pulse sequence
with TI 2400 msec (Continued).

No. | SEX |SIof lesion |SIof WM.| SIof CSF SDair
32 F 313.3 106.9 85.2 8.3
33 F 313.5 123.0 100.8 83
34 F 334.6 103.8 90.6 83
35 F 291.7 110.1 90.6 83
36 F 235.3 110.1 90.6 8.3
371 M 220.8 - 71.9 8.5
38 F 289.1 - 95.7 8.9
39 F 342.4 - 71.9 8.9
40 F 367.7 - 101.1 8.9
41 F 342.6 - 914 8.9
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