
A method of converting a conventional rectilinear
scanner for multi-isotope scanning has been de
scribed recently (1 ,2). With this method, two iso
topes in the same or neighboring organs can be
scanned simultaneously and the distribution of each
can be printed in a different color. The purpose of
the present paper is to describe the use of our modi
fled four-track magnetic-tape recorder cathode-ray
tube color-Polaroid system to improve the storage,
display and analysis of the information obtained in
dual-isotope scanning.

MATERIAL AND METHODS

A block diagram of the essential connections of
the scanner-recorder-display system is shown in
Fig. 1. A conventional scanner can be usedâ€”in this
instance a Picker V Magnascanner to which is
added one additional single-channel analyzer. The
tape recorder and Polaroid display system is a com
mercially available Magnascanner Tape Recorder
(Picker Nuclear 629-200) . Manufacturer's specifi
cations and circuitry are available. The authors'
modifications to obtain color Polaroid display of the
gamma-emitting isotope distribution consisted of
replacing the blue phosphor cathode-ray tube with
a white phosphor CRT and using a color filter holder
and plastic transparency between the CRT face and
the camera lens. The device is otherwise unaltered.
The output of Analyzers 1 and 2 are recorded on
Channels 3 and 4, respectively. The square-wave
impulses are approximately 6 @sec long when
played out. To carry out a subtraction scan (3â€”5)â€”
for example, to visualize the pancreas and liver using
two isotopesâ€”switch â€œSâ€•is thrown to the â€œinâ€•posi
tion. In this position the information from Analyzer
1 will be recorded on Channel 3 and the â€œsubtract
outputâ€• (information from Analyzer 2 minus the
information from Analyzer 1) will be recorded on
Channel 4. The x and y movements of the scanner
are recorded on Channels 1 and 2. The blip position

is determined by two spring-loaded potentiometers
with a string attached to the detector arm in the
x and y axis, producingan appropriatebias on the
cathode-ray deflection when played out. The device
is analog in design. The recorded information is
played into the readout unit and displayed on a
white phosphor CRT. The size of the field can be
controlled between 15 and 100 cm in each axis.
The beam intensity is proportional to the output
from Channels 3 or 4, depending on the position of
the switch S2. The CRT display is continuously moth
tored by a Polaroid camera loaded with color film.
A filter holder was built between the CRT screen
and camera where various colored filters can be
mounted. When the information from Channel 3 is
played back, Filter A is used to obtain a picture of
the distribution in Color A. Then Channel 4 is
played back using Filter B, exposing the same film
as for Channel 3. This isotope will appear in Color B.
The overlay areas will appear in a mixture of Colors
A plus B, distinct from A or B. The replay is car
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FIG. 1. Blockdiagramof duol.chann.lPolaroiddisplayscan@
fling systemwith tape recorder.
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area of overlap is seen in white, effectively revealing
the distribution boundary of each isotope in the mdi
vidual organs. The production of white by mixing
blue and red is a peculiarity of the pigments used.
The effectiveness of background subtraction to dis
play the pancreas is clear in Fig. 3 in which the
liver is displayed at constant intensity with succes
sively decreased subtraction of background of the
extrahepatic selenomethionine. The presence of in
formation in the @@Sechannel from sources other
than the pancreas must be considered. Not only
are blood and tissue @Sepresent at the detectable
level, but also Compton radiation from 198Au as
well as electronic noise may be detected in this
channel. This relatively low-level interference with
the pancreas image becomes apparent when little
background subtraction is used. Elimination by back
ground erasure is very effectively accomplished from
the tape-recorded information. At a low level of sup
pression the concentration of @@Sein the myocardium
becomes apparent. This is discussed in a following
section.

Background manipulation has been useful in dem
onstrating cold lesions in the liver which may not
be apparent because of the saturation effect at low
background-subtraction levels. Display of the tape
recorded scan at any desired level of background
subtraction is provided in the control panel for either
channel of information. This is readily accomplished
without destruction of any of the information in
question. Massive replacement of the liver by meta
static malignancy can occur with no significant lo
calizationof @Sewithin the lesions.The pancreas
is clearly visualized despite virtually complete over
lay of the deformed liver. The enlarged spleen is
visualized in red by accumulation of 198Auin Fig. 4.

The positive visualization of a hepatoma in the
right lobe of the liver proven at laparotomy mdi
cates massive accumulation of @Se(Fig. 5) . Ap
parently the pancreas was not able to compete with
the lesion for the amino-acid analog and conse
quently is not visualized. A small spleen is seen next
to the superioraspectof the leftlobe.Usingsub
tractionof goldfromseleniumactivity(2) results
in separate color visualization of the tumor even if
the concentrations of @Sein the liver and tumor
are equal.

Pancreatic defects are well visualized as is shown
by the focal decrease in @Seconcentration in an
individual with verified carcinoma of the pancreas
(Fig. 6). The focal lesions are quite apparent com
pared with scans of the normal pancreas (Fig. 2).

Brain scanning with 75Se-selenomethionine and
9OmTcp@@effite The concentration of @Se

ried out at a speed 16 times faster than the record
ing (60 in./min vs. 3.75 in./min) . The tape used is
standard 3M 203V tape. The replay procedure can
be repeated as many times as desired at different
intensity, contrast and background cutoff settings
for each channel as well as at variable ratios of two
channels. These parameters are all controllable and
reproducible on the display unit. This lets one ana
lyze scans using various settings of these variables.

RESULTS AND DISCUSSION

The system described has been used to scan vari
ous organs and combinations of organs. Examples
of scans of the pancreas and liver, brain and acces
sory structures of the head and of the heart are
discussed below.

Pancreas-liver scans. The diagnostic advantage of
simultaneous scanning and display of the liver and
pancreas in separate colors using the two-color sub
traction technique has been discussed in a recent
presentation (6).

The display of the normal pancreas and liver in
blue and red, respectively, allows specific and simul
taneous delineation of each organ when it is dis
cretely separated (Fig. 2 top) or when the images
overlap (Fig. 2 bottom). In the latter instance, the

FIG. 2. Dual-channelscanof normalpancreas.Topshowsdis
crete separation of pancreas and liver (7). Bottom shows overlap
of pancreasand liver.
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FIG. 3. Dual.channelscanof normalpancreasand liver, showingsuccessivedecreasein backgrounderasure.

selenomethionine in the brain after a 250-1@Cidose
of the agent for pancreatic scanning is sufficient to
visualize the brain by scanning. The accessory struc
tures of the head are not seen. The concentration
of @Seactivity equilibrates within 10 mm of intra
venous injection and remains at a significant con
centrationwithinthebrainforat leastseveralhours.
When a simultaneous scan of 99mTc and 75Se are
attempted, the gamma energies of the two isotopes

FIG. 4. Dual-channelscanof normalpancreaswhen
completely overlapped by massive liver with metastatic
lesions. Note visualized spleen (7).

can be discriminated, stored in separate magnetic
tape channels and displayed separately on Polaroidasdescribedabove.IntheexampleshowninFig.7
with OOmTcand 75Se, the overlay of the two colors
produces a display of the lesion in white. The use
fulness of this method in diagnosing and discrimi
nating various brain lesions remains to be explored.
It appears to be useful in differentiating 99mTc@
containing normal vasculature from brain lesions.
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FIG. 6. Dual-channelscanof verifiedpancreascar
cinoma (7).

Myocardial scanning with T5Se-selenomethionine.
Animal and necropsy studies of humans in our lab
oratoriesindicatea differentialconcentrationof T5Se
from selenomethionine in the myocardium compared
with skeletal muscle after 72 hr. The differential
may be greater at smaller intervals after intravenous
injection. The high concentration of @@Sein the myo
cardium has permitted visualization of the myocar
dium by dual-channel scintiscanning. An example
of such a scan (Fig. 8) differentiates the liver from
the myocardium by dual-channel subtraction. The
tip of the left lobe of the liver and the myocardium
are plainly visualized. The cavity of the right heart
can be seen. A direct comparison with 86Rb and
l3iCs scans of the myocardium has not been made,
but the quality of the scans obtained with T5Se ap
pears superior to the published scans using the other
isotopes.

The selective uptake of T5Se-selenomethionine by
both the myocardium and diaphragm compared with

FIG. 5. Dual-channelscan of verified hepatoma
with positive uptake of ThSe@selenomethionine;pancreas
is rot visualized because of apparent competition by
tumor(7).

FIG. 7. Dual.channelscanof head showing75$.
selenomethionine concentrated in brain and in cerebral
vascular accident; accessory structure of head and CVA
show gumTcpertechnetate concentration (7).

FIG. 8. Dual.channelscanof myocardiumusingThSe.seleno.
methionine; tip of left lobe of liver is visualized below heart.
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skeletal muscle has been noted. The reason for this
enhanced localization is not known, but it may be
related to the increased and constant workload of
these two muscular structures.

SUMMARY

The use of a four-channel tape-recording display
system is described for multi-isotope scanning. It
has been shown that this technique (1 ) provides
a superior display of the scanning information, (2)
permits the analysis of the scan at various contrast
settings and (3) may aid in the visualization of brain
lesions. It has also been shown that T5Se-seleno
methionine concentrates sufficiently in the myocar
dium to permit good visualization of this organ. The
clinical aspects of this technique will be described
in a future paper.
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THIRD CALL FORNU@LEARMEDICINE ART EXHIBITS

FOR 16TH ANNUAL-MEETING IN NEW ORLEANS

June 22â€”27,1969

The ScientificExhibitsCommitteeis planning a nuclear medicineart exhibit open only to tech
nicians (technical affiliates and associate members) who will display their best â€œworksof art'@ This
â€œartâ€•may consist of normal and abnormal scans, scintophotos, renograms or other dynamic studies,
etc.

All exhibitswill be illuminated by available room light. Therewill be no provisionsfor transillu
mination, e.g. view boxes. Photographic prints or Polaroid film (black and white or color), any
size, should be mounted on poster board not exceeding 30 in. x 30 in. No more than two boards
may be enteredfor a subject.Exhibitsshouldbe clearly titled. Technical information related to the
study displayed should be conciseyet sufficientlydetailed to instruct and assureduplication. Clini
cal informationshould be limited to details pertinentto the study.Technician'snameand institutional
addressshouldappear at lower left corner.Prizesfor the bestexhibitswill be awarded at the annual
businessmeeting. The art will be judged on the basis of quality, presentation, originality and tech
nical detail. Notice of intent to exhibit should be sent before May 1, 1969 to:

JACK K. GOODRICH,M.D.
Box3223
Duke UniversityMedical Center
Durham,North Carolina 27706

. â€˜Art'@ is defined as products of the nuclear medicine professional effort as distinguished from sculpture, painting or

photography.




