
The lack of any radiopharmaceutical specific to
the pancreas has prompted many endeavors at â€œsub
traction scanningâ€•to visualize this organ.

Many reports are available concerning imaging in
which rectilinear scanners were used. Then in 1968
Blanquet et al (1 ,2) reported the successful appli
cation of a gamma camera and multichannel analyzer
to this problem using digital image-subtraction
methods.

The earlier studies with rectilinear scanners had
indicated value in the use of computer techniques for
the associated data processing. However, Blanquet
et al limited their data analysis to the processing
facilities of the multichannel analyzer. While their
results proved of clinical value, the question remained
as to whether the results could be improved by
digital-computer analysis.

Our study pertained to this question. We used

similar equipment to Blanquet et al but augmented
this with digital-computer methods for data smooth
ing, scan subtraction, and resulting image compari
son.

FIG. 1. Schematicdiagramofexperi
mental arrangement.

Comparisons have been made between the original
scintiphoto, the â€œimmediatesubtractionâ€•image and
a variety of computer-derived images for a series of

112 pancreas examinations obtained during the past
2 years.

EXPERIMENTAL METHODS

A schematic diagram of the experimental arrange
ment is shown in Fig. 1. One half hour before the
study the patient received approximately 150 ml of
milk. More elaborate methods of patient preparation
have been proposed (3â€”6); however, these methods
have not been shown to be particularly advantageous
(7,8).

The patient was positioned supine under the
gamma-camera detector (Nuclear-Chicago Corp.),
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FIG.2. Exampleof â€˜immediatesub
tractionâ€•procedure.

mation was accumulated in the 1,600-word memory
for approximately 30 mm. Peak concentration of
radionuclide in pancreatic parenchyma was achieved
during this time (10) . When accumulation of T5Se
selenomethionine scintigraphic data was completed,
the information was displayed and photographed,
and stored digitally on magnetic tape.

DATAANALYSIS

â€œImmediatesubtractionâ€•method. Using the re
gion-of-interest (ROl) facility incorporated in the
1,600-word analyzer, an area of the T5Se-seleno
methionine (liver-pancreas) count matrix that re
lated to the liver alone was delineated. (The rela
tionship between the boundaries of this area and
the liver-plus-pancreas outline, in one particular
study, is shown in Fig. 2.) Total counts within this
area were then obtained for both matrices, using the
fast tape printout, and the ratio of response 99mTc/
75Se was calculated. Using the â€œdatamultiplierâ€•in
corporated in the cassette digital magnetic tape
recorder, it was then possible to normalize the two
matrices. For example, if the ratio o9mTc/TsSewas
3 : I , the data multiplier was set at 1 and the â€˜@Se
matrix was played back three times and stored in
positive form; then the 99mTc matrix was played
back a single time in negative form, thus subtracting
the Â°9@'Tc(liver) matrix from the T5Se (liver-plus
pancreas) matrix. The resultâ€”the â€œdifferenceimageâ€•
â€”was representative of the pancreas, although with
some contribution from the kidneys, small bowel,
and bladder. The result of such a subtraction is
shown in Fig. 2.

Digital-computer image-subtraction techniques.
As stated, all matrices were recorded digitally on
magnetic tape. To facilitate the â€œimmediatesubtrac
tionâ€•described above, each matrix was stored mi
tially on an individual cassette. At the conclusion
of that procedure the paired matrices were recorded,
with identification code, on seven-track computer
compatible tape.

the surface of which was firmly placed against the
abdomen with the center of the detector slightly to
the left of midline and approximately half way be
tween the umbilicus and xiphisternum. The detector
was rotated cephalad to conform to the patient's
abdominal surface and to â€œlookunderâ€•the inferior
hepatic margin. Gold- 198-colloid, 99@'Tc-sulfur col
bid, and T5Se-selenomethionine were used for organ
visualization.

In the early stages of our investigation 198Au
colloid ( 100â€”200p@Ci)was used for liver imaging.
For reasons of gamma-ray energy discrimination it
was necessary, using this material, to perform theâ€¢
liver-plus-pancreas scan with T5Se-selenomethionine
first to limit the degree of interference between the
gamma-ray spectra of these two nuclides.

Subsequently in our study, and for the majority of
cases considered in this paper, 9ftmTc@sulfurcolloid
was used as the liver-imaging agent. This material
can be injected before 75Se-selenomethionine and pa
tient-detector positioning accomplished with greater
accuracy. The use of Â°9@'Tc-sulfurcolloid also pro
vided greatly improved liver visualization with a
significant reduction in radiation exposure to the
patient (9).

With the present experimental method a decision
on final positioning of the detector was made after
an examination of the first short exposure following
t'tâ€•Tc-sulfur colloid injection. A scintiphoto, with
between 100 and 200 K counts, was then obtained
and the digital form of this image stored in the 1,600-
word memory. This image was displayed as a 40 X
40 matrix on an oscilloscope, photographed, and
stored on magnetic tape. Selenium-75-selenomethi
onine (200â€”300MCi) was then injected and three
or four serial scintiphotos obtained, each of approxi
mately 10 mm duration. The total number of events
accumulated during these 10-mm exposures ranged
between 50 and 200 K. Following initial clearance
of T5Se-selenomethionine from the blood (approxi
mately 10 mm after injection), scintigraphic infor
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PANCREASVISUALIZATIONWITH DUAL ISOTOPES

The data on this tape were then processec
ically by computer program, using remote
control over processing. (A flow chart outli
program is shown in Fig. 3. ) Following the
of a matrix pair the data were read into c
facts, which were occasionally introduce
data transfer from cassette to computer ta@
eliminated by a data validity check, a poi
replaced by the mean of its eight neighbors
fered from this mean by more than 3 standl
tions. Data smoothing, using a method of
spatial averaging (1 1 ), was then perform
piically determined â€œoptimumâ€•paramete
used in this smoothing process.

At the time of data transfer from cassette @,
puter tape, coordinates defining a region-of-interest
specific to the liver were obtained by visual inspec
tion of each matrix. These coordinates were provided
to the computer program and average o9mTc/TsSe
ratios were determined for the matrix subtraction
procedure.

Several methods were considered for presentation
of the â€œdifferenceimageâ€•;examples for a particular
matrix pair are shown in Fig. 4. The photographic
presentation, Fig. 4A, was obtained by writing the
â€œdifferenceimageâ€•onto magnetic tape, reading this
into the 1,600-word memory, and photographing the
display oscilloscope with the nine-level gray scale
in operation. In contrast, Fig. 4B shows a symbolic
density plot obtained by line printer.

0*,,@. .â€˜

B

FIG.4. Computer-processedâ€˜differenceimageâ€•A is 1,600-
word memory display with nine-level gray scale. B is symbolic den
sity plot by line printer.

To estimate the validity of a computer-processed
image symbolic density plots of the â€œdifference
imageâ€•with various levels of â€œbackgrounderaseâ€•
were obtained. This effect was achieved by successive
subtraction of 1 and 2 experimental standard devia
tions from the â€œdifferenceimage.â€•This process is
illustrated in Fig. 5 for two normal pancreas exami
nations.

â€œInteractiveâ€•computer graphics aids. An inter
active graphics device (GRID, Control Data Cor
poration) connected â€œonlineâ€•to a large (IBM
360/67) computer was available to this investiga
tion. The graphics device allowed boundary defini
tion with a light penâ€”a technique that has proved
particularly useful in region-of-interest selection for
our pancreas â€œsubtractionâ€•studies.

The present computer operating system precludes
truly â€œinteractiveâ€•use, i.e. providing the region-of
interest boundaries to the subtraction programs and
receiving the resulting â€œdifferenceimagesâ€•immedi
ately on the screen display. We expect that thisFIG.3. Flowchartforcomputerprocessing.
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FIG.5. â€˜Differenceimagesâ€•for two
normal pancreas examinations with sub
traction of 1 and 2 experimental standard
deviations.

: :@ilifi.il

facility, with its great flexibility in image manipula
tion, will be possible soon. For this study, matrices
were displayed on the screen, boundaries defined
with the light pen, and boundary coordinates punched
on cards which were input to the processing program.
The influence of boundary definition upon the â€œdif
ference imageâ€•was also investigated. Three such
images, corresponding to three different boundaries
for a particular matrix pair, are illustrated in Fig. 6.
In general, only small variations in the â€œdifference
imageâ€• were observed provided that the region-of
interest definition was representative of liver alone.

RESULTS AND DISCUSSION

One hundred and fifty pancreas examinations have
been carried out over a period of 2 years. One hun
dred and twelve cases have had sufficient followup
for a final diagnosis to be made.

Procedural errors, most of which were encoun
tered early in the study, reduced the number of cases
available for â€œimmediatesubtractionâ€•to 91 and for
computer processing to 86.

An abbreviated interpretationâ€”normal, abnormal
or equivocalâ€”was assigned to each of the scintigrams
(i.e. the originalscintiphotosand, whereapplicable,
the â€œimmediatesubtractionâ€•and computer subtrac
tion images).

These interpretations were compared to the final
diagnosis for each case, and the results of this corn
parison are shown in Table I.

An interpretation was labeled â€œcorrectâ€•if the scin
tigrarn was considered to show abnormality in rnor
phology and/or function and pancreatic disease was
present or the scintigrarn was considered normal and
no evidence of pancreatic disease was present at
surgery, followup, or autopsy. An interpretation was
labeled â€œincorrectâ€•if the scintigram was considered
normal and pancreatic disease was present or if the
scintigram was considered abnormal and pancreatic

TABLE 1. CLINICAL CORRELATION

Original
scintiphoto

â€œImmediate
subtractionâ€•

112 47 13 40

(86) (48) (12) (40)

91 71 9 20

(86) (73) (8) (19)
Computer

subtraction 86 82 8 10

S A group of 86 examinations was processed by each of

the techniques.
t Seetextfora detaileddescriptionof theseclassifica

tions.

disease was not proven. (Some cases of pancreatitis
will fall in this category when the scintigrarn was
correctly interpreted as abnormal and the diagnosis
could not be confirmed.)

Scintigrams were considered â€œequivocalâ€•when
pancreatic morphology and/or function could not
be assessed due to incomplete visualization, e.g.,
as in some scintiphotos where liver overlap was pres
ent, or poor definition of pancreatic activity related
to high adjacent background, e.g., due to activity
in the bowel, kidney, or gastric tumor. The effective
ness of pancreas â€œsubtractionscanningâ€•is clearly
demonstrated in the comparisons shown in Table 1.

Based upon the original scintiphoto alone, accu
racy in diagnosis of the presence or absence of pan
creatic disease was less than 50% . Improved vis
ualization of pancreatic morphology, and thus an
increased accuracy in diagnosis, results from the use
of dual-radioisotope methods, even with the simple
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technique using a multichannel analyzer and cassette
tape recorder.

Computer methods for pancreas scintigraphic data
processing, such as that described in this paper, are
seen to provide still further improvement in accuracy
of interpretation.

FIG.6. Exampleof computergraphicsrepresentationof pan.
creas scintigram with light-pen specification of three distinct regions
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of interest. Three â€œdifferenceimages,â€•obtained using ratios cal
culated with these three boundaries, show little variation.
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