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Processing Data from Scintillation Camera Using a Minicomputer
—A Study of the Heart Scintigram Functional Image Using an ECG-Gate—
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Magoichi MATsUDA* and Tsukasa SHIMOGAMA**

* Department of Radiology, Kansai Medical University
**System Engineering, Toshiba Medical Co.

Abstract There has been much progress in minicomputers in recent years, allowing extensive analysis
of the RI image using scintillation camera. Using a TOSBAC-10E (HOSPICON-600: Toshiba), Anger-
type scintillation camera and LAB system (Toshiba), we conducted a functional image analysis of the
heart and RI image processing with this study. Taking patients who came for RI examinations as subjects,
Tc-99m (10-20 mCi) was rapidly injected by bolus through the anticubital vein. Data from the scintilla-
tion camera was processed by the minicomputer and collected in list mode from the time of injection in
intervals ranging from 10 to 100 msec. A sample interval was selected by use of ECG gating. The gate is
triggered after an arbitrary time lag following the detection of the R-wave, and the ECG wave was stored
together with the image data in a magnetic disk. When the image was reproduced, it was displayed
together with its corresponding ECG wave on the CRT. Further processing of the reproduced image was
easily accomplished using the minicomputer. The possible types of such processing and derivable infor-
mation include the following: ROI (region of interest) designation and the functional curve display of
the ROI, superimposing images, stroke volume calculation, heart wall movement display, level cutting,
smoothing, oblique display, and profile display. The following is a report on the results of a functional
analysis of the heart using the software mentioned above.
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I. Introduction

Owing to the development of software for medi-
cal use of the minicomputer, RI image analysis
using the minicomputer in combination with a
scintillation camera has become wide-spread!~®). In
order to conduct a functional image analysis of the
heart, and ECG was set up on a reclining patient,
and Tc-99m (10-20 mCi) was rapidly injected
through the anticubital vein. Data from the
scintillation camera was collected from the time
of injection in either list mode or map mode, and
was stored together in the magnetic disk with the
position signal of the scintillation camera and the
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ECG signal. The image was reproduced using an
on-line typewriter, conditions being entered in a
conversational format allowing free choice of time
and reproduction intervals. When reproducing the
image, the ECG wave is displayed to the right or
below the image, and by displaying a point on the
ECG wave, the movement of the heart in relation
to the ECG can be seen. Up to four channels of
input on organ phenomena are possible. Single or
four simultaneous image displays are possible. An
image reproduced from data gathered in map mode
allows profile display, oblique display, smoothing,
level cutting and similar processing to be per-
formed on the same image. With an image re-
produced using data gathered in list mode, a
gated image can be obtained, images corresponding
to the same phase can be superimposed, and as
with map mode data, the ECG wave can be dis-
played together with the image. Designating a
ROI on these images, a diagram of the heart was
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made, the 10 curve and similar results were ob-
tained, and by analyzing these, E.F., heart wall
movement, heart volume and its changes, and
other heart functions were analyzed.

II. Equipment and procedure

1. Equipment

The following equipment was used in the study:
Anger-type scintillation camera (GCA-202: To-
shiba), storage display unit (Type 661 : Tektronix),
floppy disk (FDS-8: Toshiba), hard copy (Type
4610: Tektronix), minicomputer (HOSPICON-
600: Toshiba), LAB system (Toshiba), collimator
(1500H: Toshiba), phantom (home-built), y-ray
source (Tc-99m), A general view of the study is
shown in photo-1, and the block diagram is shown
in Fig. 1.

Photo.

Minicomputer (HOSPICON-600) and LAB
System used in this research.
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2. Procedure

2-1) Data Gathering procedure

a) List Mode Gathering: Data is gathered in
a 160 x 160 matrix, either in time base or in pulse
base. Data can be collected in intervals ranging
from 10 msec to 99 hours. Once begun, data col-
lection continues until the disk is filled to capacity.
It is possible to record up to four channels of organ
waves simultaneously, and when only one channel
is used for organ wave input, three separate triggers
(ECG wave mark) can be entered using the heart
monitor. The minicomputer (HOSPICON-600 and
LAB system) contained two buffer areas in order
to reduce deadtime while storing data in the disk
from the core. The buffer areas were used alternate-
ly by an overlap process. While one of the buffers
gathered the X, y, data signals as serial data from
the scintillation camera, the data stored in the
other buffer was sent to the disk. Thus, by alter-
nating between gathering and sending data, dead-
time while storing data in the disk was reduced.
Since data gathered by list mode is stored in the
disk as serial data, it has the advantage of pro-
ducing the organ wave with its corresponding
image, but the data cannot be used to display an
image directly. The image can be obtained only
by dividing the data (x1y1, Xa2y2, ... .) into estab-
lished time intervals, and arranging the divided
data series in a 160 x 160 matrix. This time interval
can be chosen in any length between 10 msec and
99 hours. The possible number of recorded images
is determined by the counting rate of the scintil-
lation camera.

b) Map Mode Gathering: Data is gathered
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Fig. 1 Block diagram of the system. The gate signal seen in the diagram may be used to
arbitrarily mark any phase of a beat-beat for the purpose of analysis after list
mode data gathering has been performed.
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in a 64x64 or 128 X 128 matrix. The interval be-
tween images can be set anywhere between 10
msec and 99 hours. It is possible to collect up to
368 images with a 64 X 64 matrix, and up to 138
images using a 128 x 128 matrix. The advantage of
this gathering method is that an area for the image
is set up in the minicomputer from the beginning,
enabling the creation of an image by arranging
the data arriving from the scintillation camera
into the area during a particular time interval. In
contrast to list mode gathering, the collected data
can be displayed as an image without any calcula-
tions. Two methods of data gathering are possible:
pulse mode and time mode. The former is triggered
by a gate using an instrument such as an ECG, and
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the image at the gate is collected. In the latter,
images are collected at evenly spaced intervals.

3. Display Method

3-1) Display for List mode

There are two possible methods of display:
1) map mode, 2) ROI processing. When map mode
processing is used, as many as 99 images can be
superimposed and a display of either a 256 x 256,
128128, or a 64x 64 matrix is possible. The
ECG wave is displayed together with the image on
the CRT, and a point is inserted on the ECG wave
indicating the phase depicted in the image (Fig. 2,
Fig. 3). Total counts, maximum counts, the num-
ber of smoothings, etc., can also be displayed
above the image. With the ROI process, an ap-
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Fig. 2 Left: Left ventricule 128 x 128 matrix image and four channels indicating wave
of the vital functions. (the left heart image corresponds to the indicated point on

the wave of the vital functions).

Right: 80 msec 3 frame composite picture of the left ventricule in the same phase.
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Fig. 3 Continuous 4 image displays of the right and left ventricules. (First images are
taken at indicated points on the ECG wave, the following 3 images of each group

are taken at indicated time intervals.)

propriate image is chosen, and while observing
that image, a ROI is chosen using the potentio-
meter of the LAB system. (Four ROI’s can be
chosen at the same time.) The ROI can be sub-
jected to background elimination, clearance (IG)
curve processing, and volume (IO) curve pro-
cessing. Fig. 4, Fig. 5, and Fig. 6 are displays of
data gathered by list mode.

3-2) Display for Map Mode Gathering

Either 128 X 128 or 64 x 64 matrix displays are
possible, and images can be readily superimposed
with map mode gathering. Either single or four
simultaneous image displays are possible. Using a
single display, a profile display of the image or a
30° or 40° oblique display can be produced, and
the image can be subjected to processing such as
level cutting and smoothing.

III. Deadtime During Dynamic Studies

1. Elements of Deadtime
Generally, when the minicomputer is used for
gathering data or for photographing highly con-
centrated radiation sources, the problem of dead-
time arises.19-24) The elements of deadtime can be
roughly divided into deadtime in the scintillation
camera, the conversion time of the twin A/D
converter, load time into the core, and time to
store data in the disk. Deadtime in the HOSPI-
CON-600 system used in this study is as follows:
(a) Deadtime of the scintillation camera detec-
tor (Fig. 7).
(b) Conversion time in the twin ADC: 16 usec.
(c) Core memory load time: 34 psec. (16 usec
in the test program).
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Fig. 4 Clear left ventricule image displays through background cutting. (The back-
ground cutting method entails selecting an area of interest, then applying lower

level cuts.)

(d) Storing time in the disk: 60-80 msec.
(e) Disk access time: mean of approximately
14 msec.

The following equation gives a good approx-
imation of deadtime in this system: M/N=a/
(1+Nrz), where M is the counting rate of the
minicomputer, N is the counting rate derived from
the scintillation camera scaler, 7 is the sum of the
deadtime during data conversion of the twin ADC
(r:) and deadtime during core memory loading
(zc), and (a) is the coefficient of data loss (the
ratio to the area of the 160 x 160 matrix) deter-
mined by choice of the core area (256x 256,

128 x 128, or 64 x 64). Fig. 7, and Fig. 8 compare
theoretical deadtime and measured deadtime. The
accuracy of the equation above can be easily
observed.

IV. Results and Discussion

1. On Deadtime

Deadtime during data gathering with a scintil-
lation camera and minicomputer is most affected
by the size of the core, and then by the software
system. Since the minicomputer used in this study
was relatively small, having only 16K-B, a mag-
netic disk was used as a supplementary memory
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Fig. 5 Left: Display of left ventricule with indicated ROI and ECG.
Right: IG curve display.
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Fig. 6 Left: IO curve display.

Right: IG curve display. Above display image-point intraval is 100 msec.
Lower display image-point interval is 10 msec.
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Fig. 8 Relation of computer count and y-camera count ratio to y-camera count rate.

device and the minicomputer core was divided
into two buffer areas to be used alternately in
order to minimize the number of data trans-
missions. (The first buffer collects data while data
in the second buffer is being transmitted. When
the first buffer is filled, the two areas switch func-
tions). Reducing the number of data transmis-
sions between the core and the disk in this way is
one method of reducing deadtime. The deadtime
in this study was 20y sec for the test program,
and 40z sec for list mode. The data loss coefficient,
“a’ indicates the portion of area occupied by data

in the 256 X 256 matrix. Since a 160X 160 matrix
was used in this study, “a’” equaled 0.39. The size
of each area was 6K-B (3072 counts), the maxi-
mum transmission time was 80 msec, and the
number of data transmissions determined dead-
time. It was found that if the core used was
greater than 22K-B, deadtime would have been
reduced greatly.

2. On the Image

Data gathered in either list mode or mp mode
can be displayed in 256 X 256, 128 X 128 or 64 X 64
matrices, level cutting, smoothing, image super-
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Fig. 10 80 msec composite pictures of 10 msec list mode gatherings with total counts,
maximum counts, and smoothing readings.
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Fig. 11 ECG-gated method and list mode images:
(A) Two gated signal system and systole, diastole images.
(B) 1 beat units divided into equal gates providing data for 100 beat image
accumulation IO curve.
(C) Equal interval gated image from which the ROI is decided and the IG
curve is made.

imposing and ROI designation can be performed example of a display using data gathered by map
on all images, and for some images, profile display mode with a profile display of the image. With an
and oblique display are possible. Fig. 9 is an image using data gathered by list mode, it is
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possible to display organ image waves (ECG
wave, blood pressure, etc.) concurrently with the
image, add a point as a mark on the organ wave
to indicate the phase the image depicts (in order
to correlate the image and the phase of the organ
wave), and get a high count image by super-
imposing images of a particular phase, (Fig. 10).
By examining these images, it is possible to study
such items as the condition of the heart wall
movement or the functional image of an organ
(Fig.11).

3. ROI Processing

It is possible to display the series of data col-
lected in list mode concurrently with their corre-
sponding ECG signals (four signal channels are
possible) on a CRT and also to arbitrarily choose
a square ROI of any size from the image the
potentiometer of the LAB system, to graph the
change in counts against time within the region
of interest, and to graph the change in radiation
activity against time. In Fig. 6, the interval between
points (data collection time) was altered. The upper
graph is a time/activity curve with intervals of
100 msec, and the lower graph is a time/activity
curve with intervals of 10 msec. Analysis of the
clearance curve, ejection fractions, functional
image of the chambers, and count rate are possible
using these curves. The maximum count was 256
in this study and the graph has been normalized
by the maximum count.

4. On the 10 IG Curves

Choosing a ROI and analyzing the change in
counts within the ROI is a useful way to find the
functional image of the organ. Data acquired by
list mode was displayed in intervals of 10 msec
and after choosing the region of interest, deter-
mining the clearance (IG) curve, and super-
imposing data from images in the same phase, the
volume (IO) curve was determined (Fig. 6). In the
case of the heart, analysis of the clearance curve
will indicate interventricular defects, stroke vol-
ume, left ventricle volume, and its rate of change.
The volume curve can be obtained by dividing
each heart stroke into equal parts, superimposing
images in the same phase, displaying the image of
one stroke successively (Fig. 6, 11) choosing a
ROI on the image, and graphing the change of
counts within the ROI. The condition of various
heart functions, such as the ejection fraction,

1743 5 (1980)

can be observed from this curve (Fig. 6, 11) and
with a mathematical analysis of the curve, using
differentiation for example, the conditions of the
heart functions become even clearer.

5. Miscellaneous Observations

In this study, an 8 bit minicomputer (16 K-B)
was employed in processing the y-camera data.
This system may be particularly useful in the
functional analysis of the heart. Moreover, when
compartment analysis is used in conjunction with
frequency analysis (Fourier transformation), the
functional analysis of the kidney, brain, pancreas,
and other organs are possible.
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