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Image Artifacts caused by Inhomogeneity of the Magnetic Field in MRI
by Kazuhiro Homma

Abstract

For the Magnetic Resonance Imaging (MRI) based on the nuclear magnetic resonance (NMR), a
static magnetic field, gradient magnetic fields and radio frequency (RF) wave are applied. An MR
image is reconstructed based on the frequency distribution of acquired echo signals depending on the
strength of the gradient fields distributed spatially in X, Y and Z direction. In almost of every MR
Imaging methods, the spin echo or the gradient echo is detected as the acquired signal. A 180-degree
RF excitation is able to generate the spin echo. In other word, spins of resonant nuclel are refocused
with 180-phase change. On the other hand, in the gradient echo method, spins are refocused by the
inversion of the field strength of the gradient field. The reconstructed image is strongly affected by the
characteristics of these magnetic fields, especially, the field homogeneity and the stability of the static
magnetic filed and the field gradients.

This paper describes theoretically and experimentally image artifacts caused by the characteristics
of the magnetic fields in some typical MR imaging methods. Used imaging methods are the spin echo
(SE), the gradient echo (GRE), the echo planer imaging (EPI), the SE-diffusion weighted imaging (SE-
DWI) and EPI-DWI. Reconstructed images of some imaging phantoms and biological tissues are
guantitatively evaluated on image intensity, geometrical distortion, spatial resolution, image
enhancement of relaxation time - T1 (spin-lattice relaxation time), T2 (spin-spin relaxation time) and
T2* (apparent T2)- and diffusion coefficient. In the gradient echo acquisition, if the static magnetic
filed or the gradient fields are not uniform in the imaging area, spins could not refocused correctly, or
the echo signal is not acquired correctly. Therefore, irregular image intensity, decreasing of the spatial
resolution, geometrical distortion and other unexpected features are appeared in the reconstructed
image. On the other hand, imaging methods acquired by the spin echo, a 180-degree RF pulse refocuses
every spin. So, even if the magnetic field is not homogenized uniquely, spins are refocused correctly.

From these theoretical and experimental results, this paper proposes that the spin echo should be
acquired when images are required to be reconstructed correctly for the anatomical and/or the chemical
structure such as the relaxation times and the diffusion constant of biological tissues. On the other
hand, for imaging with enhancement of the physiological activities of biological tissues, the gradient
echo is better than the spin echo. The gradient echo has a possibility to detect phase changes of spins
related to the physiological activities.

Key Words: MRI (Magnetic Resonance Imaging), Magnetic Field, Homogeneity, Spin Echo, Gradient
Echo
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Microcapsule Suspension for Hemolysis Evaluation of Artificial Organs
by Osamu Maruyama, Takashi YAMANE, Masahiro NisHIDA, Tatsuo TsuTtsul & Tomoaki Jikuya

Abstract

Evauation of hemolytic propertiesis an important step in the development of circulatory artificial
organs. Since the properties of animal blood, used in hemolysis test, have a high dependence on
individuality, the results should be compared only in a relative manner. We have developed a
microcapsule suspension for evaluation of the absolute hemolytic properties of centrifugal blood
pumps. The microcapsule suspension was obtained by dispersing microcapsule into a water-soluble
solution and can be used as a substitute for animal blood in hemolysis test. The microcapsule was a
small particle containing leuco dye solution inside, and its diameter was from 5 to 100 p m. After the
microcapsules were destroyed, i. e., the destruction can be regarded as hemolysis, the leuco dye was
extracted with n-hexane from the suspension and its concentration was measured by spectroscopy after
being colored with HCl-ethanol solution. The destruction of microcapsules by a Potter type tissue
grinder was observed at a low stroke number region and was compared with the destruction of rat
blood. Hemolysis tests were carried out with 3 centrifugal pumps; i. e., acommercially available pump,
a prototype pump, and a model DDI pump. The prototype pump, to investigate the magnetic suspension
mechanism, and the DDI pump, for implantation, were developed in our laboratory. The commercial
pump and DDI pump showed as small amount of hemolysis as that of the control case where
microcapsule suspension was kept still in the air, whereas the prototype pump showed much larger
hemolysis than the other two pumps. However, the result of the prototype pump using microcapsule
suspension showed similar tendency to that using bovine blood. Therefore, hemolysis tests of
centrifugal pumps which shows high hemolysis level by using the microcapsule suspension are
expected to provide results similar to tests using animal blood.

Key Words: Hemolysis, Artificial organ, Microcapsule
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Fabvication of realistic human brain phantomsincluding dynamic part
by Daigo Imal, Yukari TANIKAWA & Yukio YAMADA

Abstract

Optical tomography will be a new modality of non-invasive diagnosis in medicine and biology,
and is expected to image the distribution of optical properties in human bodies by measuring
transmitted light at skin surfaces. In the process of developing optical tomographic imaging systems for
diagnosis of disease and study of brain functions of human heads, we need realistic optical phantoms
which anatomically and optically simulate human heads with complicated and multi-layered structures.
In this study, we have fabricated optical phantoms based on MRI images of a human head. The
phantoms had a multi-layered structure with different optical properties at five layers; i.e., skin, skull,
cerebrospinal fluid layer, gray matter and white matter. Also the phantoms which were mainly made of
solid resin had dynamic parts to simulate the temporal variation of physiological functionsin brain. The
optical properties of the liquid circulating through the dynamic part can be changed to simulate the
change in oxygenation states. The material of the skin layer was a soft rubber in order to achieve a
good contact with optical fibers. The fabricated optical head phantom was checked by X-ray CT to

measure the size and cavity in the phantom and to see whether air bubbles were trapped or not.

Key Words: Dynamic phantom, Layered Structure, Laser prototyping
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