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This paper describes our initial results on functional
brain mapping using a whole-body clinical magnetic
resonance (MR) scanner operating at 1.5 T and having
no echo planar imaging capability. The focus is on
the effects of motor cortex stimulation of normal
volunteers using a circularly polarized head coil when

a pradient echo pulse sequence is employed. The
study demonstrates the technical feasibility of func-
tional MR imaging by using conventional gradient
echo sequence and equipment.

MaGNEeTIC resonance imaging (MRI) is a well-established
noninvasive clinical diagnostic tool which produces a
spatial display of hydrogens present in the human body
and provides a high-resolution morphological picture of
the anatomy with superior contrast resolution'. Recent
developments in MRI methodology have demonstrated
the possibility of observing human brain function®".
‘Functional’ imaging (fMRI) has great potential for
assessing individual pathophysiology and for charac-
terization of human brain functions such as language,
learning, memory, task activation, etc.'®. Using the echo
planar imaging (EPI) technique, Belliveau et al’
described the measurement of blood volume during
visual activation, which not only opened up exciting
new possibilities in the study of brain physiology but
also provided a unique and challenging tool for neuro-
science. Since then, several research groups have
demonstrated that functional imaging of the human brain
was feasible on their conventional MR system, where
EPI capabilities were not available® .

In this paper, we present our initial experimental
results on task activation studies using the fMRI tech-
nigue. Our studies have been carried out on normal
volunteers using a Siemens MAGNETOM 63SP-4000
whole-body scanner. Our objective was to evaluate and
demonstrate the feasibility of such studies on our 1.5T
whole-body scanner, using the FLASH sequence'’.

Experiments were performed on the 1.5T super-
conducting whole-body scanner using a circularly
polarized head coil. Magnetic field shimming with all
first-order coils was performed by means of global
shimming for each subject, achieving typical line widths
of about 15 Hz. Scout images, one in each orthogonal
plane, were initially obtained. Later, multislice 7,-
weighted 1mages in the sagittal, and In some cases
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coronal, planes were obtained using the standard spin
echo sequence with an echo time (TE) of 15 ms, repetition
time (TR) of 520 ms, a 256 X256 matrix and a slice
thickness of S mm. Using these images as an anatomic
guide, appropnate tilted planes were then selected for
task activation studies. One or more of the tilted axial
planes passing through the primary motor and sensory
cortex (Figure 1) were selected. The pulse sequence
used was a conventional two-dimensional, refocused
gradient echo FLASH sequence'™® with TR =90 ms,
TE = 60 ms, flip angle = 40°, matrix size 64 x 128, field
of view (FOV)=200mm, and slice thickness= 8 mm.

Figure 1. Proton MR images illustrating the orientation of the axial

planes selected for task activation studies: a. for observing both the
hemispheres of the brain simultaneously; b, for observing the left-hand

movement on the right hemisphere of the brain.
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These were optimized parameters, selected on the basis
of a number of preliminary experiments. The percentage
increase in signal intensity varies approximately linearly
with TE; however, due to 7,” processes, the overall
signal Intensity in both the control and activated images
are known to decline with TE for a chosen tip angle
of the RF pulse’. The maximum signal intensity increase
in absolute terms occurs at a TE value approximately
equal to 7., which i1s around 66 ms mn the activated
region at 1.5 T (refs 6, 9). Our preliminary experiment;
also gave similar results and hence a TE value of 60
ms was used for all fMRI studies.

The hand task activation consisted of the volunteers
(n = 4) either holding a sponge In the left or right hand
and squeezing it repetitively, or performing finger-to-
thumb movements. The rate and force of the squeezing
of the sponge and finger-to-thumb movements were not
controlled. Data were collected in blocks of 10 control
images (i.e. in the task-free resting state), followed by
10 obtained during task activation (Figure 2). This
procedure was repeated 4 or 5 times for each hand
movement. When the axial plane shown in Figure 1a
was used, both left and right motor cortices were
observed simultancously. For this study, the volunteers
(n = 3) held the sponges in both the hands and were
asked to squeeze them simultaneously.

The MR images were reconstructed in the standard
manner. Necessary postprocessing such as addition and
subtraction of images was carried out using specialized
software packages.

Figure 3 a shows an oblique 7,-weighted spin echo
image of the anatomy of the selected section for sub-
sequent monitoring of task activation, obtained using
Figure 1 b as a pilot image. Figure 3 b shows the effects
of left-hand movement; the appropriate cortical activity
can be clearly seen near the sulcal wall. For observing
both left and right motor cortices simultaneously, an
axial oblique through a sagittal section was used as
shown in Figure 1 a. Figure 3 ¢ shows one such activated
image when the volunteer was asked to activate both
the hands, as described earlier. In general, the maximal
signal intensity increase for the appropriate slice thickness
used has been computed to be around 3-8%.
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The imagces shown in Figure 3¢ are suitable for
stmultaneous examination of both left and right motor
cortices. However. obhique planes through one hemi-
sphere of the brain are preferable for viewing the detailed

functional anatomy of the primary motor and sensory
cortices. It is clear from Figures 3 b and ¢ that activation

is seen in grey matter of the sulcal walls, with little
or no apparent effect in the intervening white matter’.
In addition, the region activated by the hand movement
task can also be precisely defined and related to specific
gyri and sulci at a deeper level by following the
activation down through successive sections using the
three different planes shown in Figure 4 a. The set of
images thus obtained from the right hemisphere of the
brain from the superficial and middle planes are shown
in Docures 46 and ¢ for the left-hand movement (sce
ficure capuon for details). As is seen clearly, the
activation manifests ._.2If as a hyperintense patch In
the grey matter on both walls of the central sulcus.
Other minor signal enhancement regions are also obser-
ved, showing that the area of activation is not confined
to the walls and to the central sulcal region. These
enhancement regions are believed to be associated with
venous microvasculature in the grey matter’. *
The activation experiments were performed by first
acquiring a set of 10 ‘activated’ images — series A (during
activation) - followed by 10 corresponding control rest
images — series B (without any hand movement). This
procedure of ‘activity’ (series A) followed by ‘rest’
(series B) was repeated 3 or 4 times. The 1mage
processing algorithm consists of adding together all the
images of set A and producing a composite ‘ACTIVE’
image A. Then all images of series B, corresponding
to rest period (no activation), were added together to
produce a composite ‘REST’ 1mage B. Finally, the
algorithm takes the difference (A-B), and displays it as
the ‘functional MRI’ image C. In this manner, the
activation images shown in Figures 3 and 4 are the
difference images obtained after 3 or 4 cycles of rest
and activity. The accumulation of each data set takes
about 800s. The increase in signal intensity varied
between 3 and 8%, depending upon the slice thickness
used. However, the percentage signal intensity change
depends on 2 number of factors such as partial volume
effects, T,°, and other parameters used, such as the echo
time, repetition time, slice thickness and, of course, the
field strength. Intensity variations have also been known
to occur if the postprocessing procedure is not correct.
Subject movement during activation experiments may
correlate with the task being performed and signal
changes noticed may then be mistaken for evidence of
brain activation'?. Recently, several reports have appeared
in the literature on these aspects and methods have been

suggested to overcome these'”*,

In our work, proper care has been taken regarding
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Figure 4. Images from a study of motor stimulation dunng ilefi-hand
movement task a, The different contiguous planes sclected, superficial,
muddle and deep b, Activation in the superficial plane. ¢. Image from the
muddle plane. (The deep plane contains no image enhancement, denoting
that it was not activated in hand movement and hence is not shown.)
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subject movement during data acquisition to reduce
motional artefacts. In addition, a set of 10 control (rest)
images (with no activation — called set X) followed by
another set of 10 control (rest) images (set Y) were
separately acquired. All the images of set X were added
together, producing a net ‘REST’ image X; similarly,
all the 1mages of set Y were added to produce another
composite ‘REST’ image Y. The difference image, i.e.
X~-Y, was then obtained, which showed no signal en-
hancement in the plane selected, thus justifying that
artefactual effects had been kept down to a minimum
In executing our postprocessing algorithm.

The increase In local signal intensity observed in
Figures 3 and 4 may be explained on the basis of our
understanding of the blood-oxygenation-level-dependent
(BOLD) mechanism whereby changes in neuronal activity
affect the MR signal*'?*, During task activation, brain
stimulation takes place with increased blood flow, and
oxygen delivery to the activated region exceeds the
metabolic need™. The rise in blood supply seems to
exceed the rise in oxygen consumption, leading to a
local decrease in the ratio of deoxyhaemoglobin to
oxyhaemoglobin®"**, Deoxyhaemoglobin is a paramag-
netic substance and acts as an effective endogenous
contrast agent. Moreover, a decrease in deoxyhaemo-
globin concentration also decreases the wvessel tissue
susceptibility differential (leads to increased 7.°), allow-
ing increased spin coherence and thus increased signal
while using a gradient echo sequence such as FLASH.

The functional MR 1mages presented in this paper
demonstrate that it is possible to use a conventional
1.5T MR imager without echo planar capability for
monitoring the brain functions if a gradient echo pulse
sequence such as FLASH is employed. The application
potential of fMRI is enormous in the area of neuro-
sciences for assessing individual pathophysiology and
for characterization of several brain functions'® related
to language®, memory etc. In addition, it may also have
important applications in neurosurgery. Identification of
the anatomical relationship of a functional area to a
tumour (which often distorts and displaces normal
anatomy) is a great help to the neurosurgeon while

planning the surgical approach and to preserve these
primary areas during therapeutic operations’.
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