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We assessed to what extent relative changes in net magnetization could be
measured with the low field (0.043T) MR imager. By the procedure to stabilize
the whole MR imager hardware, we could measure the minute relative changes of
the net magnetization (less than 19) from the forearm presumably related to
blood volume change. This method may be useful to measure physiological changes
of blood volume in various human tissues though we need further development of
hardware to measure minute relative changes in MR signal intensity with small

volume selection.

INTRODUCTION

The proton magnetic resonance (MR) sig-
nal intensity is affected by major intrinsic
factors such as proton density, relaxation
times, flow perfusion, diffusion and tissue
temperature. Net magnetization varies with
the proton density. Therefore, MR signal
may be proven as useful tool if it is ascer-
tained that proton density in a tissue alters in
accordance with changes in tissue blood vol-
ume. Because tissue blood volume is directly
related to tissue blood perfusion?, we would
postulate to enable to assess time-dependent

changes in tissue perfusion from serial mea-
surements of MR signal intensity.

When regional blood volume increases by
7% in the brain with its functional change, we
can estimate the net magnetization of the
region will increase by up to 0.3% based on
our estimation. Thus we may be able to
assess functional aspect of the brain using
measurement of net magnetization if we can
measure the change at the order of 0.1%.
This report is designed to assess the sensitiv-
ities to detect such a minute change in MR
signal presumably related to tissue blood
volume.
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METHODS

We measured the changes in the FID inten-
sity to assess relative change in net magnet-
ization from the forearm of a healthy volun-
teer during compression with a blood pres-
sure cuff at 30 mmHg. Simultaneously, we
measured the time course of the relative
change in the tissue blood volume at the tip of
the index finger.

The FID signals were obtained by 0.043T
permanent magnet MR imager (FONAR
QED 80 alpha ; Melville, New York) with the
transmit-receive head coil. In order to attain
stabilized static magnetic field strength and
to increase signal to noise ratio, both gradi-
ent and shim coils were electrically discon-
nected from the power supplies and grounded.
Thus we made no volume selection.

The RF excitation pulse was applied to the
forearm placed in the head coil. The specifi-
cations of the head ciol dimension are ;

1ms TR=2000ms
(4

RF

Excitation l l
Pulse Gate

250mm in its diameter, 125mm in depth of the
element and solenoid in coil type. The repeti-
tion time was determined to get practically
sufficient T, relaxation of major tissues in
the forearm. The pulse sequence used in this
experiment is shown in Fig. 1.

The FID intensity was calculated from the
areas of 3 cycles of output signal from the
phase detector with DC offset evaluation.
The stability of the signal intensity is
evaluated by taking repetitive FID measure-
ment of the 10mmol NiCl, solution phantom
before the in-vivo experiment. We started
the experiment when the coefficient of vari-
ance in the FID intensity from the forearm
was around 0.19 for 40 seconds.

The relative change in tissue blood volume
at the tip of the forefinger were measured
with a blood volume meter (Biomedical Sci-
ence Co. Ltd. ; Kanazawa, Japan). Briefly,
the absorption of near-infrared light (about
800nm) was measured in the reflection mode.

Fig.1.
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This wave length is the isosbestic points of
oxy-and deoxy-hemogrobin. The total vol-
ume of arterial and venous blood in the tissue
then could be calculated by applying the
Beer-Lambert Law?. Because the absorption
of the tissue without blood is constant, we
could assess the relative changes in the blood
volume of the finger tip.

RESULTS AND DISCUSSION

Time course for the relative change in the
FID intensity from the forearm and for the
tissue blood volume at the tip of the finger
during compression of the arm are shown in
Fig. 2. The former incresed by up to 1% from
the initial value in 20 seconds, whereas the

latter increased by about 109.

The changes in blood volume are plotted as
the FID intensity at intervals of 2 seconds.
The FID intensity increased significantly

(larger than mean+2SD of the values
before compression) being correlated with the
blood volume. Fig. 3 shows the correlation
between the increased FID intensity and the
blood volume. The coefficient of correlation
was 0.916 and p<0.001.

Various factors cause changes in the MR
siagnal intensity, as they are listed in the
begining of the introduction. The increase in
FID intensity from the forearm during com-
pression of the arm is considerd to be caused
by an increase in proton density in the tissue
because of the following considerations.

Fig.2.
Relative changes in FID intensity
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Firstly retention and congestion in mi-
crocirculation in the excited site is consid-
ered to cause an increase of proton density.
Secondly, the acquired signals in the experi-
ment are considered to be proton density
weighted with insignificant effect from relax-
ation times. Because, the TR determined to
be 2000ms is longer than 3 times of major
tissues and blood T,s at this low static
magnetic field, and the data acquisition time
within 2.5ms initiated after 0.5ms delay from
the excitation pulse is short enough to neglect
tissue and blood T, effects. Further the tissue
temperature is thought to be elevated by the
venous retention that decreases the FID
intensity.

Our measurements, however, may not indi-
cate the detection of the changes in net
magnetization related to only blood volume.
There may be an increase in extracellular
fluid volume associated with an increase in
blood voume. This should also increase in the
FID intensity, and to what extent can not be
determined with this method. The major

import of our results, however, is that we can
measure the minute (less than 19) change
in MR signal intensity which is presumably
related to tissue blood volume without em-
ploying any post processing such as a subtrac-
tion method.

To be able to show the extraordinary
minute change in FID intensity, stabilization
of the whole MR hardware system was the
cardinal procedure. That was accomplished
mainly by suppressing the time-related
power drift for the system and the room
temperature drift particularly where the
transmitter had been set up.

The clinical application of this method
depends on how small a region of interest can
be used to measure the MR signal intensity
with enough sensitivity to assess blood vol-
ume change.

Already Kamei et al.® proposed a method
to detect the laterality of the cerebral func-
tion. Their results have proved that MR sig-
nals could be used to measure cerebral func-
tion. Our method mentioned would be another

Fig.3.

Correlation between the increased FID
intensity and the blood volume. The
coefficient of correlation was 0.916 and
P<0.001.
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approach to measure physiological changes
in tissues though we need further technical
development to measure minute changes in
MR signal intensity with small volume selec-
tion.
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