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(57) ABSTRACT

In 1maging on the basis of list mode data of a list of radioactive
count data detected by a nuclear medicine 1maging apparatus
for measuring radiation in a pulse mode, the processing from
the measurement to 1maging of radiation 1s accelerated sub-
stantially to the real time level by selecting the number of
count data to be used for online imaging computations on the
basis of the counting rate of radiation.
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METHOD AND SYSTEM FOR IMAGING
USING NUCLEAR MEDICINE IMAGING
APPARATUS, NUCLEAR MEDICINE
IMAGING SYSTEM, AND RADIATION
THERAPY CONTROL SYSTEM

TECHNICAL FIELD

[0001] The present invention relates to methods and sys-
tems for imaging using nuclear medicine imaging apparatus
which conduct radiation measurements in a pulse mode,
nuclear medicine 1maging systems, and radiation therapy
control systems. More particularly, the invention relates to a
method and a system for imaging using a nuclear medicine
1maging apparatus, a nuclear medicine imaging system, and a
radiation therapy control system, which are preferred for use
with gamma cameras, positron cameras, single photon emis-
sion computed tomography (SPECT) device, positron emis-
sion tomography (PET) device or the like, and which are
capable of accelerating the processing from the measurement
to 1maging of radiation substantially to a real time level so as
to display or analyze images 1n real time.

BACKGROUND ART

[0002] The positron emission tomography (PET) has
received attention as being effective for early diagnosis of
cancer. The PET or an examination method has been used for
examining the presence or level of diseases or for cancer
diagnosis by giving a compound marked by a trace amount of
a positron emission nuclide to the body and then detecting
annihilation radiation emitted therefrom, thereby 1maging a
metabolic function such as glucose metabolism. In order to
implement this examination method, the PE'T device has been
brought into practical use.

[0003] The principle of the PET 1s as described below.
Positrons emitted 1n the positron decay of a positron emission
nuclide may disappear by annihilation 1n pairs with surround-
ing electrons so as to yield a pair of annihilation radiations at
511 keV, which are measured with a pair of radiation detec-
tors on the basis of the principle of coincidence. This makes it
possible to 1dentily the position of presence of the nuclide on
one line segment connecting between the pair of detectors (a
line of response). The distribution of nuclides within the
patient body can be known from the data obtained by mea-
suring lines of response 1n various directions using the detec-
tors disposed so as to surround the patient and observing PET
images provided by an 1mage reconstruction operation. The
research and development of new PE'T medicines (probes) for
diagnosis of cancer properties, typified by an oxygen state,
have been actively conducted 1n addition to the research and
development for providing improved device performances
such as resolution.

[0004] Nuclear medicine imaging apparatus including the
PET measure radiation 1n a pulse mode 1n which the radiation
1s measured (or counted) on every pulse.

[0005] On the other hand, the role of therapy for the cancer
that 1s identified by diagnosis with the PET 1s also critical. As
a method different from surgery or medication, there 1s avail-
able a radiation therapy in which an affected area 1s 1rradiated
with radiation such as X-rays or gamma rays. In particular, the
particle beam therapy in which a cancer portion 1s concen-
tratedly 1rradiated with heavy particle beams or proton beams
has gained great attention as a method which offers outstand-
ing therapeutic etlects and allows for irradiating affected

Feb. 14, 2013

areas with sharply focused beams. As a method for 1irradiation
with particle beams, studies have been conducted on spot
scanning 1rradiation for scanning a pencil beam across an
alfected area, e.g., to follow the shape thereof, 1n addition to
the conventional Bolus irradiation for spreading the beam
with which the affected area 1s irradiated so as to follow the
shape thereof (Non-Patent Literature 1). Any of the studies
above are conducted by providing precise control to the direc-
tion and dose of 1rradiation beams 1n accordance with the
therapy plan which has been carefully computed on the basis
of a separately captured X-ray CT 1image or the like. However,
there 1s no denying the risk that a tumor would vary 1n shape
in several weeks from the creation of a therapy plan to the
practicing of the therapy, and there 1s no way for checking
whether 1rradiations have been performed as planned, under
current circumstances except for prognostic diagnosis after
several weeks.

[0006] In this context, the applicants have tried integrating
the therapy apparatus with the PET device so as to enable a
therapy plan itself to be immediately modified on the basis of
a PET image, whereby 1t has been aimed to achieve the
positive radiation cancer therapy which 1s optimized for each
patient and thus each tumor by performing irradiation while
(1) directly observing the cancer, (2) observing the dose dis-
tribution, and also (3) observing the therapeutic effects. More
specifically, as shown 1n FIG. 1, as a method for enabling
three-dimensional PET imaging with a gap through which a
therapeutic beam passes, the applicants have suggested the
open PET device in which multi-ring detectors 22 and 24
divided into two 1n the direction of the body axis of a patient
8 (along the z axis in the figure) are spaced apart from each
other and which has a physically opened field of view region
(also referred to as the open field of view) (Patent Literature
1 and Non-Patent Literature 2). In the open field of view, an
image 1s reconstructed from the lines of response between
both the divided detector rings 22 and 24. The figure shows a
bed 10, abed base 12, a gantry cover 26, a radiating apparatus
30, and a therapeutic beam 32.

[0007] There have been available previous examples 1n
which a counter (dual) gamma camera type PET device spe-
cialized in two-dimensional 1imaging was combined with a
radiation therapy. (1) Concerning the irradiation while
directly observing the cancer, studies have been conducted on
a method of directly visualizing a tumor referring to not a
conventional X-ray transmission image but a PE'T image 1n
aligning the patient (Non-Patent Literature 3). Furthermore,
(2) concerming the observation of the dose distribution, stud-
ies have been conducted on a method 1n which the PET
medicine 1s not given, but i1n the irradiation with particle
beams or X-ray, the annihilation radiation to be produced
through the fragmentation reaction of an incident nucleus, the
fragmentation reaction of a target nucleus (also referred to as
the auto activation), or the photonuclear reaction1s imaged on
the basis of the principle of the PE'T (Non-Patent Literatures
4 and 3). Therapy monitoring 1s considered possible because
the position of occurrence of the annihilation radiation 1s
strongly correlated with the dose distribution of irradiation
beams.

[0008] However, reviewing the processing from the mea-
surement to 1maging of radiation, 1t took several minutes to
compute a reconstructed image. Thus, 1n any conventional
methods, 1t was impossible to modily the therapy plan in
synchronization with the therapy on the basis of the informa-
tion obtained from the PET image and then control the 1rra-




US 2013/0037722 Al

diation beam. That 1s, to implement the beam control based on
the feedback from the PE'T image, 1t 1s required to implement
high-speed 1imaging nearly at a real-time level.

[0009] The image reconstruction technique 1s largely
divided into the analytical image reconstruction technique
which 1s typified by the filtered back-projection method, and
the iterative 1mage reconstruction technique which is typified
by the maximume-likelithood expectation-maximization (ML-
EM) method. The former can perform calculations quickly
but there 1s a limit 1n 1improving 1image quality. The latter 1s
known to be effective for improving image quality, but
requires a long time for iterative computations; attention 1s
being focused on a high-speed method, such as the OSEM
method (Non-Patent Literature 6), in which data 1s divided
into subsets (blocks) and then 1images are updated in blocks.
In previous studies based on the same way of thinking as for
the X-ray CT, the sinogram (the histogram data of measured
counts) was divided into blocks, and thus the number of
blocks was limited and the level of speed enhancement was
far off the real-time level. On the other hand, the real time
processing 1s impossible 1n the first place even 11 1mages can
be reconstructed at suificiently enhanced speeds because
measured counts have to be integrated over time before the
sinogram 1s obtained. However, for the PET, if images can be
directly reconstructed from the list mode data (the list of data
(count data) on each count of annihilation radiation), which 1s
the source of sinogram, the aforementioned integration over
time 1s not required and the number of blocks can be increased
to a great extent. Thus, a significant enhancement in the speed
of reconfiguration computations can be expected (Non-Patent
Literature 7). This 1mage reconstruction technique shows
great promise for the possibility of providing a reconstructed
image through only one computation (one-pass) without
iterattve computations.
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[0011] However, the counting rate (the frequency of mea-
surements of list mode data) expected in the PET device may
fall within a wide range from 10° counts/sec (auto activation
for reduced doses) to 10’ counts/sec (the maximum value of
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measurements obtained by a typical PET probe). Accord-
ingly, high counting rates require long time to transier data
and perform 1mage reconstruction computations, causing a
delay in imaging relative to the progress of the therapy.

SUMMARY OF INVENTION

[0012] The present ivention was developed to solve the
conventional problems. It 1s therefore an object of the mnven-
tion to enable the processing from the measurement to 1mag-
ing of radiation to be enhanced 1n speed generally to a real-
time level.

[0013] A typical PET system, which will be described 1n
relation to a PET system shown 1n FIG. 2 according to the
present mvention, 1s made up of a PET device 100, a data
acquisition unit 200, and an image reconstruction umt 300.
The data acquisition unit 200 and the 1image reconstruction
unit 300 are often implemented as separate work stations
(WS), but may also be implemented 1n the same WS. Alter-
natively, all or some of the tunctions of the data acquisition
umt 200 and the image reconstruction unit 300 may also be
implemented on a dedicated board.

[0014] The PET device 100 1s made up of a detector section
110 for detecting one of annihilation radiations (single mea-
surement); an A/D conversion circuit section 120 to compute
and digitize, for output, the mmformation on the detection
position, the energy, and the detection time of the detected
radiation; and a coincidence circuit section 130 for perform-
ing a coincidence determination (coincidence measurement)
on a pair of annthilation radiations.

[0015] For a typical FDG-PET examination, the entire
device provides counting rates of about 10° counts to 10°
counts per second for the single measurement, and about 10°
counts to 10’ counts per second for the coincidence measure-
ment. To examine the whole body, measurements are contin-
ued for about 20 minutes.

[0016] For the coincidence measurement, as a list mode 1n
which pieces of count data with one count recorded in a size
of about 32 bits to 64 bits are listed, the count data 1s outputted
through a data transmission interface (I'F) 140 typically in
about a few tens of megabytes.

[0017] In the data acquisition unit 200, the list mode data
captured through a data reception I'F 210 is stored in a
memory 240, or a storage device such as a hard disk, via a
memory 220 or a semiconductor memory which allows high-
speed data access. Hereatfter, the memory 240 will be referred
to as the OFF memory. To reconstruct an image, the list mode
data will be retrieved from the OFF memory 240 and then sent
to the 1mage reconstruction umt 300 through a data transmis-
sion I/'F 2350. Note that the memory 220 which temporarily
saves the list mode data may be provided as required.

[0018] FIG. 2 shows the configuration of a PET system
according to the present invention. To prevent a delay 1n
imaging or displaying of 1images due to concentrated load on
the data transmission and the 1mage reconstruction process-
ing in the case of high counting rates, the data acquisition unit
200 1s provided with an additional determination processing
section 230 which includes a ROM and a CPU for performing
determination processing on the list mode data retrieved from
the memory 220. More specifically, the determination pro-
cessing section 230 mnstantly sends all pieces of list mode data
directly to the image reconstruction unit 300 and performs the
image reconstruction processing online 1n real time when the
counting rate 1s so low as not to cause a delay 1n the 1imaging
with respect to the therapeutic progress. On the other hand,
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when the counting rate 1s higher than a certain value thereby
causing worry that a delay may occur in imaging, only such an
amount of list mode data that can be processed online 1n real
time 1s transmitted to the 1mage reconstruction unit 300.

[0019] Furthermore, the determination processing section
230 saves, 1n the OFF memory 240 of the data acquisition unit
200, all pieces of l1st mode data or the list mode data that has
not been sent to the 1image reconstruction unit 300 after the
determination processing. This allows for performing addi-
tional image reconstruction processing oftline after a series of
measurements have been completed. Here, the OFF memory
240 does notnecessarily have to save data in real time but may
do so with a delay. In that case, the data 1s temporarily saved
in a RAM between the determination processing 230 and the
OFF memory 240. Furthermore, when not offline but only
online processing 1s performed, the list mode data 1tself may
not be saved.

[0020] In the image reconstruction unit 300, after the list
mode data 1s temporarily saved 1n a memory 320 via a data
reception I'F 310, an image reconstruction processing section
330 with a ROM and a CPU performs the image reconstruc-
tion processing. To ensure the property of equal quantity
between time frames, calibration processing 1s applied to
reconstructed 1images in a calibration processing section 340
with a ROM and a CPU. More specifically, in the determina-
tion processing in the data acquisition unit 200, reconstructed
images are weighted according to the ratio of data transmitted
as online processed data, 1.e., the ratio of the amount of output
data from the determination processing section 230 to the
data transmission I/F 250 to the amount of input data to the
determination processing section 230 1n a unit time. Note that
the calibration processing may also be performed within the
image reconstruction processing section 330. The image on
which the calibration processing has been conducted 1s dis-
played on an image display device 360 as well as saved 1n an
image memory 350 which is a storage device such as a hard

disk.

[0021] FIG. 3 illustrates the concept of online processing
according to the present invention. Some functions have been
omitted. It 1s assumed that online processing can be per-
formed on N counts per one time frame (e.g., for imaging at
time 1intervals of 30 frames per second, one time frame 1s 130
seconds). The values of N are stored in the determination
processing section 230, with N=8 assumed in FIG. 3. Cm 1s
the total number of measured counts within a time frame, and
Ce1s the number of counts to be retrieved 1n the determination
processing (230) and then sent online to the image recon-
struction unit 300. In time frame 1, a total of 7 counts have
been measured, but are less than the threshold value (8 counts/
frame) of the counting rate, so that all counts are subjected
online to the 1mage reconstruction processing. In time frame
2, since a total of 12 counts have been measured, only the first
8 counts are processed online.

[0022] Primarily, the number of total counts of the 1images
in time frame 1 and time frame 2 1s at a ratio of Cm’s, that 1s,
7:12; however, the Ce ratio leads to 7:8, with the property of
equal quantity missing. In this context, for the weighting
above, the calibration processing (340) 1s performed to mul-
tiply the pixel value by a weighting coetlicient F which 1s
defined by Cm/Ce. The weighting coellicient F 1s 7/7=1.0 for

time frame 1, and 12/8=1.5 for time frame 2.

[0023] FIG. 4 shows the operation of offline processing.
The l1st mode data saved 1n the OFF memory 240 of the data
acquisition umt 200 1s sequentially transferred to the image
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reconstruction unit 300 and then subjected to the image
reconstruction processing. In the offline processing, since no
real time property 1s required, all pieces of measurement data
saved 1in the OFF memory 240 can be used for reconstruction
of images. When all pieces of measurement data are used for
image reconstruction, the calibration processing (340) 1s not
required. Note that when a time limit 1s set for the offline
processing, only part of the data saved in the OFF memory
240 can also be used for 1mage reconstruction.

[0024] FIG. S shows the basic flow of the offline processing
(offline mode). In the data acquisition unit 200, all the list
mode data 1s saved (step 230), so that in the offline mode, 1n
cach time frame, all pieces of data are used to perform the
image reconstruction processing (step 228). In the offline
mode, since no real time property 1s required, the number of
repetitions of iterative image reconstructions can be increased
to provide 1mages with enhanced accuracy. Here, the step

numbers 1n FIG. 5 are associated with those 1in the flow of
FIG. 6.

[0025] The present invention was developed in accordance
with the aforementioned findings so as to solve the atoremen-
tioned problems of performing real time processing by select-
ing the number of count data to be used for online 1maging
computations on the basis of a counting rate of radiation, 1n
imaging on the basis of the list mode data of a list of count data
on radiation detected by a nuclear medicine 1imaging appara-
tus for measuring radiation 1n a pulse mode.

[0026] Here, when the counting rate of radiation 1s so low
that all pieces of data can be used to process 1n real time, all
the data can be used for online 1maging computations,
whereas when the counting rate of radiation 1s so high that all
the data cannot be used to process in real time, only an amount
of data that can be processed in real time can be used for
online 1imaging computations.

[0027] Furthermore, the nuclear medicine imaging appara-

tus can be a tomography apparatus and the 1imaging compu-
tation can be an 1mage reconstruction computation.

[0028] Furthermore, 1na processing from the imaging coms-
putation to displaying of images, imaging can be performed
by multiplying each pixel forming an image by a value of
Cm/Ce 1n each time frame depending on an amount of mea-
sured data Cm and an amount of data Ce thereof which has
been used in the real time (online) processing.

[0029] Furthermore, of the list mode data, data that has not
been used 1n the online processing can be saved 1n an OFF
memory.

[0030] Furthermore, of the list mode data, the data that has
not been used 1in the online processing can be saved in the OFF
memory, so that the data saved in the OFF memory can be
used to perform oitline 1maging computations.

[0031] Alternatively, the list mode data can be saved 1n the
OFF memory, so that the data saved in the OFF memory can
be used to perform offline 1maging computations.

[0032] Alternatively, of the list mode data, at least data that
has not been used 1n the online processing can be saved 1n the
OFF memory, while a real-time 1image can be saved 1in an
image memory, and the data saved 1n the OFF memory can be
used to modity the real-time image saved in the image
memory.

[0033] Alternatively, of the list mode data, at least data that
has not been used 1n the online processing can be saved 1n the
OFF memory, while a real-time 1image can be saved 1in an
image memory, and the image having been subjected to an
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imaging computation using the data saved in the OFF
memory can be added to the real-time 1image saved in the
1mage memory.

[0034] Furthermore, the present invention solve the prob-
lems by an 1imaging system of a nuclear medicine 1maging
apparatus for imaging from list mode data of a list of count
data on radiation detected by the nuclear medicine 1maging
apparatus for measuring radiation in a pulse mode, the 1imag-
ing system including means for selecting the number of count
data to be used for online 1maging computations on the basis
of a counting rate of radiation.

[0035] Furthermore, the present invention provides a
nuclear medicine imaging system including:

[0036] a nuclear medicine 1imaging apparatus for measur-
ing radiation 1n a pulse mode; and

[0037] the above-described 1maging system for imaging
from the list mode data of a list of count data on radiation
detected by the nuclear medicine 1imaging apparatus.

[0038] Furthermore, the invention provides a radiation
therapy control system including;

[0039] a nuclear medicine 1imaging apparatus for measur-
ing radiation in a pulse mode;

[0040] the above-described 1maging system for imaging
from the list mode data of a list of count data on radiation
detected by the nuclear medicine 1imaging apparatus; and
[0041] a device for providing real-time control to a therapy
apparatus on the basis of an 1image obtained by the imaging
system.

[0042] Here, the 1image can be an image of radioactive
medicine distributed 1n a body and accumulated at a target,
and the control can be 1irradiation control for tracking, on the
basis of the image, the target moving within the body, in
synchronization with movement of the target or so as to
tollow the movement of the target.

[0043] Altematively, the image can be an 1mage correlated
with an internal dose distribution, and the control can be
irradiation control which allows for irradiating tentatively
with a reduced dose of radiation 1n order to verily from the
image whether the irradiations have been carried out as
planned, so that if the irradiations are determined not to have
been performed as planned, the therapy 1s stopped or the
therapy plan 1s mstantly modified.

[0044] According to the present invention, data can be pro-
cessed 1n real time with stability 1n the presence of variations
in radioactivity 1n a field of view, or quickly with a delay kept
constant, the delay being caused by a small amount of pro-
cessing time in a computer or a network.

[0045] Accordingly, the present invention 1s effective for
the radiation therapy under the guidance of PET 1mages as
well as even for a PET diagnosis with an examination which
involves fast pharmacokinetic behaviors in the body and sig-
nificant variations in radioactivity concentration with time at
a region of interest.

[0046] The mnvention 1s also applicable not only to the PET
but also to a measurement system for measuring radiation in
a pulse mode.

[0047] The data processing can include various types of
data processing without being limited to transferring of data,
saving of data, and 1image reconstruction computations.

BRIEF DESCRIPTION OF DRAWINGS

[0048] FIGS. 1(a) and (b) are a front view and a side view,
respectively, 1llustrating an open PET device suggested by the
inventors.
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[0049] FIG. 21s a block diagram 1llustrating the configura-
tion of the entire PE'T system according to the present inven-
tion.

[0050] FIG. 3 1saview illustrating an example of the opera-
tion of a transier/save determination according to the present
ivention.

[0051] FIG. 415 aview illustrating an example of the opera-
tion of oftline processing according to the present invention.
[0052] FIG. S 1s a view 1illustrating the flow of offline pro-
cessing according to the present invention.

[0053] FIG. 6 1s a flowchart showing the operation of a first
embodiment according to the present invention.

[0054] FIG. 7 1s a view 1llustrating a second embodiment
for providing an enhanced efficiency to offline processing.
[0055] FIG. 8 1s a view 1illustrating a third embodiment
according to the present invention.

[0056] FIG. 91sablock diagram 1llustrating the configura-
tion of a fourth embodiment according to the present inven-
tion.

[0057] FIG. 10 1s a view 1illustrating an example 1n which
the present invention has been applied to a radiation cancer
therapy.

[0058] FIG. 11 1s a flowchart showing an example of the
procedure for following a moving target so as to irradiate the
target with radiation.

[0059] FIG. 12 1s a flowchart showing another example of
the procedure.
[0060] FIG. 13 1s atflowchart showing an example which 1s

applied to a particle beam cancer therapy.

DESCRIPTION OF EMBODIMENTS

[0061] Now, the present invention will be described in more
detail with reference to the drawings 1n accordance with the
embodiments.

[0062] FIG. 6 1s a flowchart showing the operation of a first
embodiment. First, an accumulated count value Cm 1n a time
frame and an accumulated count value Ce retrieved for online
processing 1n the determination processing section 230 are
reset (step 202). At the same time, 1n the 1mage reconstruction
unit 300, a reconstructed 1mage 1s also reset (step 204).
[0063] When a PET measurement 1s started, a pair of anni-
hilation radiations are subjected to coincidence measure-
ments 1n the PET device 100 so as to obtain one count (step
206). The data can be transierred from the PET device 100 to
the data acquisition umt 200 for every count; however, con-
sidering the efficiency of transfer processing, it 1s desirable to
accumulate and bufier counts 1n the PET device 100 so as to
transier the counts as a count subset to the data acquisition
umt 200 (step 208). This bulfering 1s determined to be com-
pleted when either the pre-specified number of counts or the
pre-specified accumulation time 1s first exceeded, and then
the accumulated count subset 1s transferred. The accumula-
tion time specified in butlering conditions has to be set so as
to be shorter than the time frame of a PE'T image. By way of
example, for the time frame of a PET image of Y10 seconds
(1.e., 10 frames/sec), the accumulation time 1s Y100 seconds.
[0064] In the data acquisition umt 200, the data 1s succes-
stvely saved 1n the OFF memory 240 (step 230). During this
processing, the number of counts transierred 1s accumulated
in Cm (step 210). Until Cm exceeds a specified value N, 1t 1s
determined that real time processing 1s possible (step 212).
The data 1s transferred to the image reconstruction unit 300,
so that the data acquisition unit 200 or the 1mage reconstruc-
tion unit 300 accumulates the number of counts Ce sent online
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for 1mage reconstruction processing (step 214). Then, the
image reconstruction processing 1s performed (step 216).
[0065] The specified value N of the number of counts may
be pre-set or automatically determined by examining whether
images are delivered 1n real time, 1.€., without a delay relative
to the time frame, 1n response to the output rate of the image
reconstruction processing (step 216). In this case, as required,
the specified value N can be varied temporally. More specifi-
cally, there may be a case where when another task occurs 1n
the image reconstruction unit with degradation 1n throughput
haltway through the task, the specified value N 1s reduced in
response to the degradation. When Cm has exceeded the
specified value N, no data 1s transmitted to the image recon-
struction unit 300.

[0066] When the time frame 1s ended (step 218), the cali-
bration processing (step 220) 1s performed to multiply each
pixel value of a reconstructed 1mage by Cm/Ce. Then, one
frame of display image of the reconstructed image having
been subjected to the calibration processing 1s updated and
saved 1n the 1mage memory 350 (step 222), and this will be
repeated for all the measurements (step 224). Assuming that
the entire measurement time for the PET 1s 60 minutes and the
time frame 1s V1o seconds, the aforementioned processing will
be repeated 36,000 times. As a result, 1t 1s achieved to display
images 1n real time.

[0067] When all measurements are ended, the processing
can be ended as 1t 1s; or the 1image reconstruction processing
(step 228) can be performed to modity the image saved 1n the
image memory 350, using the saved data (step 232) that has
been saved 1n the OFF memory 240, and the processing can
then be ended.

[0068] FIG. 7 shows a second embodiment for enhancing
the etficiency of computation in the offline processing (offline
mode). In each time frame, the image reconstruction process-
ing 1s not started from the beginning but, as shown 1n time
frames 1, 2, and 4, the reconstructed image 1n the online mode
1s based to perform the image reconstruction processing using
only the data that was not used 1n the online processing (step
260). In this case, the calibration processing (step 222)
applied 1n the online mode would cause the property of equal
quantity to be compromised in the offline mode. Accordingly,
in the 1mage reconstruction processing (step 260), for
example, each pixel of a reconstructed image 1n the online
mode has to be multiplied by the reciprocal of the weighting
coellicient F applied 1n the calibration processing (step 222)
in order to cancel out the effects of the calibration processing
(step 222).

[0069] In the present embodiment, since computations
require a reduced amount of data (reduced counts), the
amount of computation for the image reconstruction process-
ing can be reduced.

[0070] In the data acquisition unit 200, only the data that
has not been used 1n the online mode has to be saved. Alter-

natively, all pieces of list mode data may be saved, and in the
olifline mode, only the data that has not been used 1n the online
mode can be read out. However, the present embodiment
assumes that the image reconstruction processing follows
one-pass computation, 1.€., no iterative computations, and 1s
thus not intended to perform two or more iterative operations.

[0071] FIG. 8 shows a third embodiment for enhancing the

eificiency of computation 1n the offline processing (oitline
mode).

[0072] More specifically, as 1llustrated 1n time frames 1, 2,
and 4, in the offline mode, the 1image reconstruction process-
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ing 1s performed only on the data that has been saved in the
OFF memory 240 and not used 1n the online processing (step
2770). After that, the online-mode reconstructed 1mage saved
in the 1mage memory 350 and the offline-mode reconstructed
image are simply added to each other (step 272). In the third
embodiment, as 1in the second embodiment, it 1s necessary to
apply the processing for cancelling the effects of the calibra-
tion processing (step 222) on the reconstructed 1mage 1n the
online mode. Note that the data to be saved in the OFF
memory 240 may be only the data that has not been used in the
online processing, or all pieces of data which include both the
data that has not been used in the online processing and the
data that has been used in the online processing.

[0073] Note that the present invention 1s widely applicable
not only to the PET device but also to the nuclear medicine
imaging apparatus for measuring radiation in a pulse mode,
such as gamma cameras, positron cameras, or single photon
emission computed tomography (SPECT) apparatus. Fur-
thermore, the target to be measured may be an animal or plant
other than humans.

[0074] FIG. 91s a block diagram 1llustrating the configura-
tion of a fourth embodiment of the present invention which 1s
applied not to the PET for tomography apparatus but to a
positron camera for performing two-dimensional 1maging.
Here, the data acquisition umt 200 i1s integrated with the
function of 1maging processing. The fundamental structure
and operation are the same as those described above, but the
image reconstruction processing has been replaced with
imaging processing 330A since this embodiment 1s not
intended for tomography.

[0075] Note that the memory 1s means for temporarily or
permanently storing digital data that the computer 1s to pro-
cess, such as a semiconductor memory, a hard disk, a DVD-
ROM, or those that are provided with the function equivalent
to the same.

EXAMPL

(Ll

[0076] The present invention 1s best available when radia-
tion cancer therapy 1s to be provided under the guidance of
PET images.

[0077] FIG. 10 shows an example in which a radiation
(cancer) therapy apparatus 400 1s combined with the open
PET device 100 to implement a real time 1mage reconstruc-
tion system according to the present mvention. The figure
shows a patient 8, a bed 10, a base 12 of the bed 10, detector
rings 22 and 24, a PE'T controller 150, an image reconstruc-
tion apparatus 500 which includes the data acquisition unit
200 and the 1mage reconstruction unit 300, a therapy planning
device 600, and a therapy apparatus controller 700.

[0078] Using a marker such as fludeoxyglucose (FDG) rep-
resentative of a PET probe that collects in cancer, only a target
such as lung cancer moving within the body can be accurately
irradiated with radiation while tracking the target 1in real time
on the PET images.

[0079] FIGS. 11 and 12 show the specific procedures.

[0080] FIG. 11 shows a method for performing irradiations
(step 310) only at the mstant at which the target has come to
the planned position (step 308) on the PET 1mages (step 306)
without modifying the therapy plan itself. The determination
of whether the target 1s at the planned position (step 308) can
be made by the operator while viewing the PET images, or
alternatively, may be automatically conducted 1n the therapy
apparatus controller 700.
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[0081] FIG. 12 shows a method for performing irradiations
by 1nstantly capturing (step 408) the target position from the
PET images (step 406) and re-computing the 1rradiation posi-
tion 1n the therapy planning device 600 without a delay (step
410), thereby following the moving target.

[0082] FIG. 13 shows an example 1n which the present
invention 1s applied to the particle beam cancer therapy. The
particle beam cancer therapy for concentratedly 1rradiating a
cancer portion with heavy particle beams or proton beams has
gained great attention as a method for providing outstanding
therapeutic effects and irradiating atfected areas with sharply
focused beams. Irradiations are performed by providing pre-
cise control to the direction and the dose of beams according
to the therapy plan that has been carefully computed on the
basis of separately captured X-ray CT i1mages. However,
under current circumstances, it 1s difficult to accurately con-
firm whether the 1rradiations have been performed following
the therapy plan, so that even when the field of 1rradiation 1s
shifted due to the displacement of the patient, this would not
be easy to detect. In this context, a method for monitoring the
field of 1irradiation of particle beams 1n real time using a PET
technique has gained attention. This method employs no PET
medicine but the PET principle to image the annihilation
radiation resulting from the incident nucleus fragmentation
reaction and the target nucleus fragmentation reaction which
are caused by irradiation with beams. Great promise 1s
expected for this method because the position of occurrence
of the annihilation radiation 1s strongly correlated with the
dose distribution of irradiation beams, and thus this would
allow therapy monitoring to be made possible.

[0083] InFIG. 13, for example, the process tentatively irra-
diates the affected area with a therapy dose at an intensity
reduced to 10 (step 502) and 1images the dose distribution in
the patient body by PET measurements (step 504) and the
online 1mage reconstruction processing (step 506) according
to the present invention, so that whether the irradiations have
been provided as planned 1s instantly determined by compar-
ing the resulting image with the PET 1mages that are com-
puted from the therapy plan or by means such as by simula-
tion on the basis of the therapy plan (step 508). When 1t 1s
determined that the irradiations have not been provided as
planned, the therapy 1tself 1s stopped (“Yes™ as the determi-
nation result i step 512) or the therapy plan itself 1s instantly
modified depending on the level of deviation (step 514) and

then test 1rradiations are conducted again for confirmation
(step 502).

INDUSTRIAL APPLICABILITY

[0084] The present mvention can accelerate, substantially
to the real time level, the processing from the measurement to
imaging ol radiation 1n gamma cameras, positron cameras,
single photon emission computed tomography (SPECT)
apparatus, or positron emission tomography (PET) device,
and thus provide a very high applicability to industry.

REFERENCE SIGNS LIST

[0085] 8 ...patient

[0086] 10 ... bed

[0087] 100 ...PET device

[0088] 110 ... detector section
[0089] 150...PET controller
[0090] 200 ... data acquisition unit
[0091] 220, 320 ... memory
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[0092] 230 ... determination processing section

[0093] 240 ... OFF memory

[0094] 300 ... 1mage reconstruction unit

[0095] 330 ...1mage reconstruction processing section
[0096] 340 ... calibration processing section

[0097] 350...1mage memory

[0098] 360 ... 1mage display section

[0099] 400 ... radiation therapy apparatus

[0100] 500 ... 1mage reconstruction apparatus

[0101] 600 ... therapy planning device
[0102] 700 ... therapy apparatus controller

1. An imaging method of a nuclear medicine imaging appa-
ratus for imaging from list mode data of a list of count data on
radiation detected by the nuclear medicine 1maging apparatus
for measuring radiation in a pulse mode,

the 1maging method comprising selecting the number of
count data to be used for online 1maging computations
on the basis of a counting rate of radiation.

2. The imaging method of a nuclear medicine 1maging,
apparatus according to claim 1, wherein:

when the counting rate of radiation 1s so low that all pieces
of data can be used to process 1n real time, all the data 1s
used for online 1imaging computations, and

when the counting rate of radiation 1s so high that all the
data cannot be used to process in real time, only an
amount of data that can be processed 1n real time 1s used
for online 1maging computations.

3. The imaging method of a nuclear medicine 1maging,
apparatus according to claim 1, wherein the nuclear medicine
imaging apparatus 1s a tomography apparatus and the 1imag-
ing computation 1s an 1image reconstruction computation.

4. The imaging method of a nuclear medicine 1maging
apparatus according to claim 1, wherein in a processing from
the imaging computation to displaying of 1mages, imaging 1s
performed by multiplying each pixel forming an image by a
value of Cm/Ce 1n each time frame depending on an amount
of measured data Cm and an amount of data Ce thereof which
has been used 1n the real time (online) processing.

5. The imaging method of a nuclear medicine 1maging
apparatus according to claim 1, wherein, of the list mode data,
data that has not been used 1n the online processing 1s saved 1n
an OFF memory.

6. The imaging method of a nuclear medicine 1maging
apparatus according to claim 5, wherein the data saved 1n the
OFF memory 1s used to perform offline 1imaging computa-
tions.

7. The imaging method of a nuclear medicine 1maging
apparatus according to claim 1, wherein the list mode data 1s
saved 1n an OFF memory, so that the data saved in the OFF
memory 1s used to perform oifline 1imaging computations.

8. The imaging method of a nuclear medicine 1maging,
apparatus according to claim 1, wherein, of the list mode data,
at least data that has not been used in the online processing 1s
saved 1n an OFF memory, while a real-time 1mage 1s saved 1n
an 1mage memory, and the data saved 1n the OFF memory 1s
used to modily the real-time image saved in the image
memory.

9. The imaging method of a nuclear medicine 1maging,
apparatus according to claim 1, wherein, of the list mode data,
at least data that has not been used in the online processing 1s
saved 1n an OFF memory, while a real-time 1mage 1s saved 1n
an image memory, and the image having been subjected to an
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imaging computation using the data saved in the OFF
memory 1s added to the real-time 1image saved in the image
memory.

10. An imaging system of a nuclear medicine 1maging
apparatus for imaging from list mode data of a list of count
data on radiation detected by the nuclear medicine 1maging
apparatus for measuring radiation in a pulse mode,

the 1maging system comprising means for selecting the

number of count data to be used for online 1maging
computations on the basis of a counting rate of radiation.

11. The imaging system of a nuclear medicine 1imaging
apparatus according to claim 10, wherein:

when the counting rate of radiation 1s so low that all pieces

of data can be used to process 1n real time, all the data 1s
used for online 1imaging computations, and

when the counting rate of radiation 1s so high that all the

data cannot be used to process in real time, only an
amount of data that can be processed 1n real time 1s used
for online 1maging computations.

12. The imaging system ol a nuclear medicine 1maging
apparatus according to claim 10, wherein the nuclear medi-
cine 1maging apparatus 1s a tomography apparatus and the
imaging computation 1s an image reconstruction computa-
tion.

13. The imaging system ol a nuclear medicine 1maging
apparatus according to claim 10, wherein 1n a processing
from the imaging computation to displaying of images, imag-
ing 1s performed by multiplying each pixel forming an image
by a value of Cm/Ce in each time frame depending on an
amount ol measured data Cm and an amount of data Ce
thereol which has been used 1n the real time processing.

14. The imaging system of a nuclear medicine 1imaging
apparatus according to claim 10, comprising an OFF memory
in which, of the list mode data, data that has not been used in
the online processing 1s saved.

15. The imaging system of a nuclear medicine 1maging
apparatus according to claim 14, wherein the data saved 1n the
OFF memory 1s used to perform offline 1imaging computa-
tions.

16. The imaging system ol a nuclear medicine 1maging
apparatus according to claim 10, comprising an OFF memory
in which the list mode data 1s saved, so that the data saved in
the OFF memory 1s used to perform oifline imaging compu-
tations.

17. The imaging system ol a nuclear medicine 1maging
apparatus according to claim 10, comprising an OFF memory
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in which, of the list mode data, at least data that has not been
used 1n the online processing 1s saved, and an image memory
in which a real-time 1mage 1s saved, and wherein the data
saved 1in the OFF memory 1s used to modily the real-time
image saved 1n the image memory.

18. The imaging system of a nuclear medicine 1maging
apparatus according to claim 10, comprising an OFF memory
in which, of the list mode data, at least data that has not been
used 1n the online processing 1s saved, and an 1mage memory
in which a real-time 1mage 1s saved, and wherein the 1mage
having been subjected to an 1maging computation using the
data saved 1n the OFF memory 1s added to the real-time 1mage
saved 1n the image memory.

19. A nuclear medicine imaging system, comprising:

a nuclear medicine 1imaging apparatus for measuring radia-

tion 1n a pulse mode; and

the 1maging system according to claim 10, for imaging

from the listmode data of a l1st of count data on radiation
detected by the nuclear medicine 1imaging apparatus.

20. A radiation therapy control system comprising:

a nuclear medicine imaging apparatus for measuring radia-

tion 1n a pulse mode;

the 1maging system according to claim 10, for imaging

from the list mode data of a l1st of count data on radiation
detected by the nuclear medicine 1maging apparatus;
and

a device for providing real-time control to a therapy appa-

ratus on the basis of an 1image obtained by the 1maging
system.

21. The radiation therapy control system according to
claim 20, wherein the 1mage 1s an image of radioactive medi-
cine distributed 1n a body and accumulated at a target, and the
control 1s irradiation control for tracking, on the basis of the
image, the target moving within the body, 1n synchronization
with movement of the target or so as to follow the movement
of the target.

22. The radiation therapy control system according to
claim 20, wherein the 1mage 1s an 1mage correlated with an
internal dose distribution, and the control 1s 1rradiation con-
trol which allows for irradiating tentatively with a reduced
dose of radiation 1n order to verity from the image whether the
irradiations have been carried out as planned, so that 1if the
irradiations are determined not to have been performed as
planned, the therapy is stopped or the therapy plan 1s instantly

modified.




