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Susceptibility Effects v.s Flow Effects in Functional MRI
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1.Dept_ of Information and Communication, KAIST, 2.Dept.of Computer
Sciences, Taejon University

ABSTRACT

In MR functional imaging, 1t is shown that the signal
change during photic activation is composed of two terms,
i.e,, the inflow effect and the susceptibility effect.
Relatively the inflow effect affects the data obtained by
OGE on the condition of short Te{15ms) and large «a
(90degree). The susceptibility effect, however, mainly
contributes to the data on the condition of large Te(35ms)
and small a(30degree). In this apper, we will
discriminate the ‘susceptibillty effect for the
intermingled data affected both flow effect and
susceptibility effect, Finally susceptibility only

functional imaging is proposed by using TRFGE.

INTRODUCT 10N

Current MR functional studies are based on the

oxygenation level dependent susceptibility effect
change(1,3]. (GE{Conventional Gradient Echo)} sequence
with tong echo time has been used for the functional
imaging, because of its capability to detect T;" change
due to the susceptibility change[2]. When the photic
stimulation was applied, the oxygenation level in visual
cortex area or venous blood vessel are changed and hence
altering magnetic susceptibifity. But the fast CGE
imaging such as FISP(fast imging stedy-state precession}
is known to be sensitive to the flow effect in the voxel
especially when the flip angle is large. So, we suspected
that rescently reported functional imaging results may

have contain subtle fraction of flow effect in the voxel.

Thus, in this paper we have studied the fraction of flow

effect in functional imaging and give an effort to
seperate the inflow effect and susceptibility effect. For
this, we have used two pulse sequences, one is CGE , the

other is TRFGE(Tailored RF gradient echo). This sequence

is shown in Fig. 1.
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Fig. 1 Gradient Echo Sequence with conventional RF and

Tailored RF.

THEORY

The inflow effect and susceptibility effect in gradient
echo(CGE) are affected by several factors such as the
flip angle o, echo time Te, and repetition time Tp[4]. It
is, therefore, strongly suspected that both effects are
separated somewhat in CGE. The flow effect plays an
important role in the gradient echo functional imaging
where T is usually made short while a is kept ralatively
large.. On the other hand, where Tg is usually made long
vhile a is kept relatively small, the susceptibility
effect plays an important role in the gradient echo

functional imaging.



1993 % ¥ K ZE 2 &K X8

BXE B15E

A 2 % 93/11

The tailored RF pulse produces a bi-linear phase
distribution centered around the middle of the selected
rectangular slice as shown in Fig.2(a) and its time
domain pulse shape is shown in Fig.2(b)[5}. For the
imaging, the effects of this tailored RF pulse gradient
echo(TRFGE) imaging are dephasing of spins in the
selected slice[5,6,7]. The phase distribution within the
selected slice is designed so that the intravoxel spins
in the normal tissues where the field is homogeneous,
cancel each other. In Fig.3(a), this dephasing effect for
the normal tissues which are free from susceptibility
effect is shown. This characteristics of the tailored RF
pulse equally applies to the flowing spins if they do not
possess susceptibility effect. While the spins in the
slice affected by susceptibility, such as the venous
blood vessel and capillary, become somewhat coherent
phase distribution, So, by applying the tailored RF
pulse, the signal affected Ey susceptibility effect are
enhanced. This TRFGE technique is, therefore, effective
in suppression of the signal from both the sktatlonary
tissues as well as flow. The resulting signal obtained
comes only from the flow affected by the susceptibility.
And, this simplified illustrations of the resulting phase
distributions expected in the selected voxel is shown in
Fig.3(b).

In general, the intravoxel signal intensity generated

by the tailored RF pulse can be written,
. Peus 1 .
$ =[2xMz, sin C('ZJ"")*f [exp {i0gr (2))
' n

where * means the convolution operation, The signal
intensity with the tailored RF pulse appears the
convolution of the signal intensity and the fourier
transformed phase distribution, This mathematical
expression shows that the intravoxel signal intensity
affected by the susceptibility can be controlled by the
RF generated phase distribution within the voxel. For
imaging the susceptibility effect only, a saw-tooth-like
phase distribution is suitable[6]. Because the phase is
distributed from 0 to 2x with the form of saw-tooth, the
net phase distribution is zero for the intravoxel spins

,
in the normal tissues or in flow. However, the field

within the selected slice appears linear gradient due to

the susceptibility. So, the resulting phase distribution
affected by applying the tailored RF pulse will be

rephase or become coherent, For the ideal case, about an

half of the spins in the selected voxel are rephased. As
a result, signal will be generated only from these spins
affected by the susceptibility and all other spins in the

normal tissues as well as in flow are dephased,
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Fig. 2 (a) Phase distribution of the bi-linear phased
tailored RF pulse employed for the susceptibility only
weasurement, (b) Phase distribution of the tailored RF

‘pulse in the time domain.
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Fig. 3 (a) Resultant phase distribution of spins in the
voxel of the normal tissues when the tailored RF pulse is
applied, The net phase or signal produced in the voxel is
zero due to the cancellation, (b) Resultant phase
distribution of spins in the voxel due to the combined
phase " affected by the tailored RF pulse and the
susceptibility therein. The net phase or signal produced

in the voxel is not zero.
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EXPERIMENT AND DISCUSSION

Experments were done with a 2.0T KAIST whole body

imaging system, In each experiment, sagital image were
obtained to find the primary visual cortex area using CGE
sequence. Thereafter axial images around primary visual
cortex area were obtained for the reference image,
Repetition Time(TR) was 65 ms and Slice Thickness was 8
mn, 128 Phase Encodings were obtained with 50 dummy
pulses. Imaging time, therefore, took a time about 12
sedonds,

For ail experiments, 20 continuous image sets were
obtained for time course study. Stimulation was applied
from image number 6 to image number 10 by the visual
stimulator. Images before stimulation and after
stimulation are for control. Visual stimulator was a
_home-made binocular periscope type for eliminating
interference with a red LED array board mounted on one
end‘ of it. LED was drived by controller at 8 Hz (duty
50%).

Two experiments were performed using OGE sequence and
TRFGE sequence respectively. In CGE, echo time Tg and flip
angle « was varied for flow or susceptibility dominated
imaging, in TRFGE Tr and « are fixed on 15 ns anrd 90
degree respectively.

Fig. 4(Te=15ms, a=90degree) and Fig. 5(Te=35ms, a=30degree)
are obtained by CGE sequence, the signal change in Fig. 4
is originated from the inflow effect of the voxel, the
signal intensity changes at the vein(Fig.4.{a}) is larger
than that of the visual cortex(Fig.4.(b)). In Fig.5, the
signal is mainly due to the susceptibility effect, but
have a subtie fraction of the inflow effects. Fig.5.(a)
is from the vein, Fig.5.(b) is from the visual cortex
area, The shape of the signal is something different to
that in Fig.4. Flow dependent signal shape is retangular,
it means that the activation of blood flow due to
stimulation arise quickly, i.e., the speed is fast. But
the susceptibility dependent signal shape have a little
delay time. This is belived that the oxygenation levels
are changed in tissues,

Applying the TRFGE sequence, Fig.6(Te=15ms, a=90degree)
was obtained. The TRFGE sequence is free from the inflow
effect and the signal change is essencially originated
from the susceptibility effect change in the voxel. And
the signal polarity is reversed on the contrary to the

Fig.4. and Fig.5. It is the characteristic aspects of the

TRFGE sequence. During the photic stimulation was
applied, the excess oxygen supply decrease the
deoxyhemoglobin level, and thus signal intensity
descended in the TRFGE sequence,

Comparing Fig. 4., Fig.5. and Fig.6., it is suspected
that the signal intensity change during photic
stimulation has contain the inflow effect and
susceptibility effect. We have shown that the signal
intensity change which obtained during the photic
stimulation was composed of both susceptibility effect
and inflow effect.

In summary, the TRFGE sequence is very useful for MR
functional imagings and it has potential to the
susceptibility only imaging. The CGE sequence used for
functional imaging is not free from the inflow effect and
thus functional imaging results may have been overlooked
the inflow effect. Using TRFGE sequence, the inflow
effect in functional imaging can be eliminated.
Experimental result conforms the elimination of the TRFGE

sequence.
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Fig. 4 Signal change due to flow effect (CGE,
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Fig. 5 Signal change due to susceptibility effect

(CGE, TR/TE=65/35us, a=30(degree))
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Fig. 6 Signal change due to susceptibility effect
{TRFGE, TR/TE=65/15ms, «=90(degree) ) (a) at Vein (b) at

Visual _cortex
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