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(57) ABSTRACT

Gamma rays obtained from radioisotope administered to an
examinee are detected by a gamma ray information-detect-
ing unit so that a first tomographic image obtained therefrom
is formed on a CRT. Further, a second tomographic image of
the examinee detected by using an ultrasonic wave infor-
mation-detecting unit juxtaposed with respect to the gamma
ray information-detecting unit is formed while making the
second tomographic image overlap on the first tomographic
image. Thus, it is possible to obtain a tomographic image in
which relative positional relationship of tissue is clear.
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1
MEDICAL IMAGING APPARATUS FOR
DETECTION OF GAMMA RAYS AND
REFLECTED ULTRASONIC WAVES

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a medical imaging appa-
ratus in which a gamma camera apparatus and an ultrasonic
apparatus are integrated into one unit.

2. Description of the Related Art

An ultrasonic apparatus is used in the medical field, for
example, in which an ultrasonic wave is emitted onto an
examinee and a tomographic image of the examinee is
obtained on the basis of a reflected wave therefrom. The
ultrasonic apparatus generates the tomographic image based
on a time difference required for the arrival of the reflected
wave caused by a difference in acoustic impedance among
respective tissues of the examinee. The ultrasonic apparatus
is widely utilized since it is compact and excellent in
portability and can recognize the cross-sectional shape of the
tissue while keeping out of contact with the examinee.

However, it is impossible to recognize a living tissue
having a high acoustic impedance, for example, the internal
structure of a bone tissue. Further, the acoustic impedance is
low in the blood and the lymph as compared with other
living tissues. Therefore, it is also difficult to recognize a
state of the blood and the lymph.

In the meantime, there have recently been developed
gamma camera apparatus (Anger camera apparatus) for
detecting gamma rays emitted from a radioisotope (RI)
administered to an examinee with a plurality of detectors
arranged in a plane and a scintillator, and constructing
two-dimensional internal information of the examinee based
on the detected gamma rays. When the gamma camera
apparatus is used, it is possible to obtain a vivid image of a
specified tissue which has absorbed the radioisotope.

One gamma camera apparatus that has been proposed has
a coded aperture plate having a number of apertures defined
therein according to given rules and disposed in front of a
scintillator, and constructs three-dimensional internal infor-
mation of an examinee based on the information obtained
from the coded aperture plate. For details, reference should
be made to “Coded Aperture Emission CT Using M-array”,
Transactions of the Society of Instrument and Control Engi-
neers, Vol. 28, No. 4,426/432 (1992), and “Three dimen-
sional reconstruction of **”Tc distribution by using coded
aperture CT”, Instrument department of the Society of
Instrument and Control Engineers, 17th sensing forum
(2000).

When the gamma camera apparatus described above is
used, it is possible to obtain information of the tissue where
the radioisotope is distributed. However, a considerably
skillful technique is required in order to recognize the
arrangement relationship between the tissue and other tis-
sues of the examinee.

SUMMARY OF THE INVENTION

A general object of the present invention is to provide a
medical imaging apparatus which makes it possible to obtain
an easily analyzable tomographic image of an examinee
including a specified tissue of the examinee.

The above and other objects, features, and advantages of
the present invention will become more apparent from the
following description when taken in conjunction with the
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accompanying drawings in which a preferred embodiment
of the present invention is shown by way of illustrative
example.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows an arrangement of a medical imaging
apparatus according to an embodiment of the present inven-
tion;

FIG. 2 is a block diagram illustrating a circuit structure of
the medical imaging apparatus according to the embodiment
of the present invention;

FIG. 3 is a block diagram illustrating a circuit structure of
a gamma ray information-detecting unit according to the
embodiment of the present invention;

FIG. 4 is a block diagram illustrating a circuit structure of
an ultrasonic wave information-detecting unit according to
the embodiment of the present invention;

FIG. 5 shows an arrangement of a gamma ray informa-
tion-detecting unit according to an embodiment of the
present invention;

FIG. 6 is a lateral sectional view illustrating the gamma
ray information-detecting unit shown in FIG. 5;

FIG. 7 is a longitudinal sectional view illustrating the
gamma ray information-detecting unit shown in FIG. 5;

FIG. 8 explains the principle of construction of a tomo-
graphic image based on gamma ray information detected by
the gamma ray information-detecting unit according to the
embodiment of the present invention;

FIG. 9 is a process flow chart illustrating the construction
of the tomographic image based on the gamma ray infor-
mation detected by the gamma ray information-detecting
unit according to the embodiment of the present invention;

FIG. 10 illustrates combination of tomographic images by
using the medical imaging apparatus according to the
embodiment of the present invention;

FIG. 11 illustrates another embodiment of the medical
imaging apparatus according to the embodiment of the
present invention;

FIG. 12 illustrates another embodiment of the medical
imaging apparatus according to the embodiment of the
present invention;

FIG. 13 illustrates another embodiment of the medical
imaging apparatus according to the embodiment of the
present invention; and

FIG. 14 illustrates another embodiment of the medical
imaging apparatus according to the embodiment of the
present invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

FIG. 1 shows a medical imaging apparatus 10 according
to an embodiment of the present invention. The medical
imaging apparatus 10 basically comprises a probe 14 for
incorporating tomographic image information of an exam-
inee 12, and an information processing unit 18 (image-
combining/displaying unit) connected to the probe 14 via a
cable 16 for processing the incorporated tomographic image
information.

The probe 14 includes a gamma ray information-detecting
unit 20 for detecting gamma ray y emitted from radioisotope
RI in the examinee 12, and an ultrasonic wave information-
detecting unit 22 for detecting information concerning
reflected wave of ultrasonic wave US emitted to the exam-
inee 12. In this arrangement, the gamma ray information-
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detecting unit 20 and the ultrasonic wave information-
detecting unit 22 are juxtaposed adjacently to one another.

FIG. 2 shows a block diagram illustrating a circuit struc-
ture of the medical imaging apparatus 10. The gamma ray
information-detecting unit 20 of the probe 14 includes a
collimator 26 (coded aperture plate) formed with a large
number of pin hole-shaped apertures 24, and a plurality of
semiconductor detecting elements 28 (gamma ray-detecting
elements) for detecting the gamma ray y passed through the
collimator 26. As shown in FIG. 3, the apertures 24 of the
collimator 26 and the plurality of semiconductor detecting
elements 28 are arranged one-dimensionally. The intervals
of the plurality of apertures 24 formed for the collimator 26
are set to a predetermined cycle pattern in conformity with
the M sequence as a pseudo-random series. In this case, the
auto-correlation function of the M sequence is close to the
d function, and the correlation function value is constant at
those other than the peak. For example, CdTe and CdZnTe
may be used for the semiconductor detecting element 28.
Each of the semiconductor detecting elements 28 is con-
nected to a multiplexer 32 via a signal amplifier 30. The
multiplexer 32 successively switches the gamma ray detec-
tion signal supplied from each of the semiconductor detect-
ing element 28, and it supplies the signal to the counter 34.

As for the intervals of the apertures 24, it is also possible
to use those based on, for example, the Q sequence (square
residue sequence), the Gold sequence, and the Walsh code,
instead of the M sequence, as long as those are based on the
binary pseudo-random sequence.

The ultrasonic wave information-detecting unit 22 of the
probe 14 includes a plurality of minute vibrators 36 (ultra-
sonic wave-transmitting/receiving elements) comprising
piezoelectric ceramics etc. for emitting the ultrasonic wave
US and receiving the reflected wave of the ultrasonic wave
US reflected by the examinee 12. The minute vibrators 36
are juxtaposed closely to the semiconductor detecting ele-
ments 28. As shown in FIG. 4, the minute vibrators 36 are
arranged one-dimensionally. Each of the minute vibrators 36
is connected to a multiplexer 42 via a transmitting/receiving
circuit 38 for transmitting/receiving the ultrasonic wave US
and the reflected wave thereof, and a preprocessor circuit 40
for preprocessing the detection signal of the reflected wave.
The multiplexer 42 successively switches the detection
signal of the reflected wave supplied from each of the minute
vibrators 36, and supplies the signal to an A/D converter 44.

The probe 14 is connected to the information processing
unit 18 via an interface circuit 46. The information process-
ing unit 18 is, for example, a personal computer. The
information processing unit 18 includes a CPU 50 for
processing the gamma ray detection signal and the reflected
wave detection signal received from the probe 14 via the
interface circuit 48 to construct a tomographic image of the
examinee 12. A CRT 56 for displaying the tomographic
image is connected to the CPU 50 via a frame buffer 52 and
a D/A converter 54. A keyboard 60 and a mouse 62 for
inputting desired operation data are connected to the CPU 50
via an interface circuit 58.

In this case, the probe 14 may also be constructed by
joining a gamma ray information-detecting unit 20 and an
ultrasonic wave information-detecting unit 22 which are
formed independently, to be integrated into one unit.

FIGS. 5 to 7 show a specified example of the gamma ray
information-detecting unit 64 which is constructed indepen-
dently. The gamma ray information-detecting unit 64 has a
casing 70 in a rectangular shape containing circuit boards
66, 68 which carry a signal processing circuit including a
signal amplifier 30 shown in FIG. 2, a multiplexer 32, a
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counter 34, and an interface circuit 46. The casing 70 also
contains semiconductor detecting elements 28 connected to
the circuit boards 66, 68. A collimator 26 is arranged at one
end of the casing 70 with a spacer 72 intervening therebe-
tween. The collimator 26 has a plurality of apertures 24
arranged in a direction parallel to the semiconductor detect-
ing elements 28. At the other end of the casing 70, a
connector 74 for connecting the gamma ray information-
detecting unit 64 to the information processing unit 18 is
arranged. A count start switch 76 for counting the gamma
ray detection signal with the gamma ray information-detect-
ing unit 64, indicator lamps 78, 80 for indicating the
operation state of the gamma ray information-detecting unit
64, and other components are arranged in the vicinity of the
connector 74. In the gamma ray information-detecting unit
64 constructed as described above, the spacing distance
between the collimator 26 and the semiconductor detecting
element 28 is adjustable by the spacer 72.

The medical imaging apparatus 10 according to the
embodiment of the present invention is basically constructed
as described above. Next, the operation, function, and effect
of the medical imaging apparatus 10 will be explained.

At first, explanation will be made for the process in which
the gamma rays y emitted from the examinee 12 is counted
by the gamma ray information-detecting unit 20 and pro-
cessed by the information processing unit 18 to construct a
first tomographic image.

In a schematic illustration shown in FIG. 8, the examinee
12, in which the radiation source (radioisotope RI) for
emitting the gamma rays y may exist, is divided into n voxels
for an arbitrary cross-sectional layer. One of the voxels is
designated as j (j=1, 2, .. ., n). It is assumed that the number
of elements of the semiconductor detecting elements 28 for
detecting the gamma ray y is m, and one of the elements is
designated as i (i=1, 2, . . ., m).

It is also assumed that S; represents the expected value of
the count of the gamma rays y emitted by the jth voxel for
a certain constant period of time, P, represents the expected
value of the count of the gamma rays y detected by the ith
semiconductor detecting element 28 for a constant period of
time, and P*, represents a count of the actually detected
gamma rays y. Assuming that f,, represents the probability of
detection of the gamma rays y emitted from the jth voxel by
the ith semiconductor detecting element 28, the following
equation is satisfied:

” (69
P, =Zlf‘-jsj (i=1,2,...,m)
=

The count of the gamma rays y emitted from the radiation
source is randomly varied in accordance with the Poisson’s
distribution. Therefore, the count detected by the ith semi-
conductor detecting element 28 is also randomly varied, and
its expected value P, is given by the expression (1).

The probability f; is geometrically determined by the
positional relationship of the jth voxel, the ith semiconduc-
tor detecting element 28, and the aperture 24 of the colli-
mator 26, and the M sequence as the arrangement pattern of
the apertures 24. However, even under an ideal condition
where the gamma rays vy are neither absorbed nor scattered,
it is difficult to strictly determine the value of the probability
f;; by calculation because the amount of calculation is large.
Therefore, in the actual calculation, the probability f is
approximately determined assuming that the radiation
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source distribution in the voxel is represented by a point
radiation source placed at the center of the voxel.

That is, a path of the gamma rays y emitted from the jth
voxel and reaching the ith semiconductor detecting element
28 is of a conical shape whose vertex is positioned at the
center of the jth voxel and the bottom at the ith semicon-
ductor detecting element 28. If the vertex of the conical
shape has a solid angle ©Q and the ratio of the area of the
apertures 24 to the area of the collimator 26 which is
intersected by the conical shape (geometric-optical trans-
mittance) is represented by T, the probability f;; is given as:

S~ (@A) )
When the semiconductor detecting element 28 is small
compared with the voxel, a conical shape may be con-
structed which has a vertex positioned at the center of the
semiconductor detecting element 28 and a bottom held in
contact with the voxel. Accordingly, it is possible to deter-
mine the probability f;; more accurately from such a conical
shape.

IF the distribution of the radiation source is represented
by S=(S,, S,, . .., S,) and the count of the gamma rays y
is represented by P*=(P* , P*,, ..., P* ), then a conditional
probability (likelihood) Prob(P*IS) that the number of count
P* is obtained under the condition that the distribution S is
observed is represented by the following expression (3)
using the expression of the Poisson distribution and the
expression (1). In the expression (3), it is assumed that the
symbol “*” indicates the exponentiation or power.

m (©)
Prob(P" | §) = | [ (Pi*P; /Py )-exp(-P)
i=1

The image reconstructing unit 18 asymptotically deter-
mines a radiation source distribution S where the conditional
probability (likelihood) Prob(P*IS) according to the equation
(3) has a maximum value.

FIG. 9 shows a flow chart of a specific process carried out
by the information processing unit 18 for determining the
radiation source distribution S using the expression (3).

At first, the gamma rays y emitted from the radioisotope
RI administrated into the examinee 12 are detected by the
semiconductor detecting element 28 though the collimator
26. The signal is introduced into the counter 34 via the signal
amplifier 30 and the multiplexer 32 to be the counted
operation. The count signal is incorporated, and thus the
count P* as projection data of the radiation source is
collected (step S1). Subsequently, an initial value of the
estimated radiation source a distribution S (step S2) is set,
and then an expected value P=(P,, P,, . . . , P,,) as the
estimated projected image of the radiation source is calcu-
lated (step S3). The initial value of the estimated radiation
source distribution S can be set so as to have a uniform
distribution, for example.

Subsequently, the expected value P determined as indi-
cating the estimated projected image in step S3 and the count
P* which represents the projection data collected in step S1
are compared with each other (step S4). It is then determined
whether the expected value P and the count P* agree with
each other within an allowable error (step SS). If the
expected value P and the count P* do not agree with each
other within the allowable error, an amount of the disagree-
ment P*/P of the estimated projected image is calculated
(step S6). The amount of disagreement P*/P is then inversely
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projected onto the examinee 12 (step S7). Thus, distribution
S of the estimated radiation source is corrected (step S8).

The expected value P asymptotically approaches the
count P* by repeatedly performing the processes of steps S3
to S8. If the expected value P and the count P* agree with
each other within the allowable error in step S5, the distri-
bution S of estimated radiation source at that time is out-
putted as the first tomographic image data for a desired
cross-sectional surface of the examinee 12 to the frame
buffer 52 (step S9).

Next, explanation will be made for the process of detect-
ing the reflected wave of the ultrasonic wave US emitted to
the examinee 12 by the ultrasonic wave information-detect-
ing unit 22, and constructing the second tomographic image
by processing the detection of the reflected image with the
information processing unit 18.

A part of the ultrasonic wave US emitted from the minute
vibrator 36 based on the driving operation of the transmit-
ting/receiving circuit 38 is reflected by the tissue of the
examinee 12. The reflected wave is detected by the minute
vibrator 36 as a reflected wave detection signal. Each of the
minute vibrators 36 transmits the detected reflected wave
detection signal to the multiplexer 42 via the transmitting/
receiving circuit 38 and the preprocessor circuit 40. The
multiplexer 42 successively switches the reflected wave
detection signal and transmits the signal to the information
processing unit 18 via the A/D converter 44 and the interface
circuit 46.

The information processing unit 18 calculates the position
information of the tissue of the examinee 12 from the
reflected wave detection signal detected by each of the
minute vibrators 36 and outputs the information as the
second tomographic image data to the frame buffer 52.

Subsequently, as shown in FIG. 10, the CPU 50 of the
information processing unit 18 superimposes, in the frame
buffer 52, the first tomographic image 82 concerning the first
tomographic image data obtained from the gamma ray
information-detecting unit 20 on the second tomographic
image 84 concerning the second tomographic image data
obtained from the ultrasonic wave information-detecting
unit 22 to generate a combined tomographic image 86. The
combined tomographic image 86 is transmitted via the D/A
converter 54 to the CRT 56 to be displayed thereon.

The first tomographic image 82 detected and obtained by
the gamma ray information-detecting unit 20 is only the
image of the portion where the radioisotope Rl is distributed.
On one hand, though it is possible to obtain the tomographic
image of the tissue which has absorbed the radioisotope RI,
the positional relationship with other tissues of the examinee
12 is unclear. On the other hand, the tomographic image of
the tissue where the reflected wave exits can be obtained
from the second tomographic image 84 detected by the
ultrasonic wave information-detecting unit 22. Accordingly,
a specified tissue absorbing the radioisotope RI can be easily
confirmed in the tomographic image 86 obtained by super-
imposing the first tomographic image 82 on the second
tomographic image 84 while the positional relationship with
respect to the other tissues of the examinee 12 is clear. In this
case, if the first tomographic image 82 and the second
tomographic image 84 are displayed in different colors,
respectively, it is possible to recognize and analyze the state
of the tissue more clearly.

In the probe 14 shown in FIG. 1, the gamma ray infor-
mation-detecting unit 20 and the ultrasonic wave informa-
tion-detecting unit 22 are juxtaposed closely to one another.
Accordingly, the first tomographic image 82 and the second
tomographic image 84 are superimposed in the positional



US 7,094,203 B2

7

relationship corresponding to the spacing distance between
the gamma ray information-detecting unit 20 and the ultra-
sonic wave information-detecting unit 22. Therefore, the
tomographic image 86 of the tissue of the examinee 12
contains a certain positional shift within an allowable range.

By contrast, as shown in FIG. 11, the gamma ray infor-
mation-detecting unit 20 may be designed to be rotatable by
a predetermined angle about the center of a rotary shaft 88
arranged in the direction of arrangement of the semiconduc-
tor detecting elements 28, such that an imaging area 90
defined by the gamma ray information-detecting unit 20 may
be set obliquely with respect to an imaging area 92 defined
by the ultrasonic wave information-detecting unit 22. Thus,
the imaging areas 90, 92 can intersect with each other.
Therefore, the positions of the first tomographic image 82
and the second tomographic image 84 can agree with each
other highly accurately in the vicinity of the intersection. It
is a matter of course that the ultrasonic wave information-
detecting unit 22 instead may be constructed to be rotatable
with respect to the gamma ray information-detecting unit 20.

In FIG. 12, the gamma ray information-detecting unit 20
and the ultrasonic wave information-detecting unit 22 are
connected linearly with a hinge 94 so that those are rotatable
with each other. In this arrangement, it is possible to obtain
a tomographic image 86 where the positions of the first
tomographic image 82 and the second tomographic image
84 agree with each other in a reliable manner at the site
where the imaging areas 90, 92 are overlapped.

In FIG. 13, the gamma ray information-detecting unit 20
and the ultrasonic wave information-detecting unit 22 are
arranged opposingly. It is possible to obtain a tomographic
image 86 in which the positions of the first tomographic
image 82 and the second tomographic image 84 agree with
each other, in the same manner as in the embodiment shown
in FIG. 12.

In FIG. 14, two gamma ray information-detecting units
20a, 205 are connected linearly to both ends of the ultrasonic
wave information-detecting unit 22 with hinges 96a, 96b.
The respective gamma ray information-detecting units 20a,
2046 are constructed to be rotatable with respect to the
ultrasonic wave information-detecting unit 22. In this
arrangement, the information on the first tomographic image
82 is obtained by each of the gamma ray information-
detecting units 20a, 205, so that it is possible to construct a
more accurate first tomographic image 82. Therefore, it is
possible to obtain a better tomographic image 86 at the site
where the imaging areas 90a, 905 of the gamma ray infor-
mation-detecting units 20a, 205 and the imaging area 92 of
the ultrasonic wave information-detecting unit 22 are over-
lapped.

In the embodiments shown in FIGS. 11 to 14, the posi-
tions of the gamma ray information-detecting units 20, 20a,
204 and the ultrasonic wave information-detecting unit 22
can be mutually adjusted according to the position of the
tissue in the examinee 12. Accordingly, a proper tomo-
graphic image of the tissue in the examinee 12 can be
obtained.

Although certain preferred embodiments of the present
invention have been shown and described in detail, it should
be understood that various changes and modifications may
be made therein without departing from the scope of the
appended claims.

What is claimed is:

1. A medical imaging apparatus comprising:

a linear gamma ray information-detecting unit for detect-

ing, at a position external to an examinee, gamma rays
from a radioisotope administered to said examinee, to
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obtain a first tomographic image of said examinee from
a distribution of said radioisotope;

a linear ultrasonic wave information-detecting unit for
detecting, at a position external to said examinee,
reflected waves caused by ultrasonic waves emitted to
said examinee to obtain a second tomographic image of
said examinee; and

an image-combining/displaying unit for combining and
displaying said first tomographic image and said sec-
ond tomographic image,

wherein said linear gamma ray information-detecting unit
includes a plurality of gamma ray-detecting elements
all of which are arranged one-dimensionally in a single
linear array, and a coded aperture plate arranged
between said examinee and said plurality of gamma
ray-detecting elements, said coded aperture plate hav-
ing a plurality of apertures all of which are arranged
one-dimensionally in a single linear array, said linear
gamma ray information-detecting unit having a planar
imaging area wherein said gamma ray-detecting ele-
ments lie on the planar imaging area; and

wherein said linear ultrasonic wave information-detecting
unit includes a plurality of ultrasonic wave-transmit-
ting/receiving elements all of which are arranged one-
dimensionally in a single linear array, said linear ultra-
sonic wave information-detecting unit having a planar
imaging area wherein said ultrasonic wave-transmit-
ting/receiving elements lie on the planar imaging area.

2. The medical imaging apparatus according to claim 1,
wherein said linear gamma ray information-detecting unit
and said linear ultrasonic wave information-detecting unit
are juxtaposed closely to one another.

3. The medical imaging apparatus according to claim 2,
wherein one of said linear gamma ray information-detecting
unit and said linear ultrasonic wave information-detecting
unit is set obliquely with respect to another about a direction
of arrangement of said gamma ray-detecting elements or
said ultrasonic wave-transmitting/receiving elements in
order to make said planar imaging area of said linear gamma
ray information-detecting unit and said planar imaging area
of said linear ultrasonic wave information-detecting unit
overlap with one another.

4. The medical imaging apparatus according to claim 1,
wherein said linear gamma ray information-detecting unit
and said linear ultrasonic wave information-detecting unit
are set such that a direction of arrangement of said gamma
ray-detecting elements is oblique with respect to a direction
of arrangement of said ultrasonic wave-transmitting/receiv-
ing elements in order to make said planar imaging area of
said linear gamma ray information-detecting unit and said
planar imaging area of said linear ultrasonic wave informa-
tion-detecting unit overlap with one another.

5. The medical imaging apparatus according to claim 1,
wherein said linear gamma ray information-detecting unit
and said linear ultrasonic wave information-detecting unit
are arranged opposingly in order to make said planar imag-
ing area of said linear gamma ray information-detecting unit
and said planar imaging area of said linear ultrasonic wave
information-detecting unit overlap with one another.

6. The medical imaging apparatus according to claim 1,
comprising a plurality of linear gamma ray information-
detecting units, each having a different planar imaging area,
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wherein said planar imaging areas of each of said plurality
of linear gamma ray information-detecting units overlap
with one another.

7. The medical imaging apparatus according to claim 1,
wherein mutual positional relationships between said linear
gamma ray information-detecting unit and said linear ultra-
sonic wave information-detecting unit are adjustable.

10

8. The medical imaging apparatus according to claim 1,
wherein said coded aperture plate comprises a plurality of
apertures arranged linearly at intervals according to one of
an M sequence, a Q sequence, a Gold sequence and a Walsh
code.
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