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COMPUTERIZED HELICAL SCANNING TO DETERMINE THE
LOCATION OF SPECIFIC NUCLIDES IN THE HUMAN BODY

JESSE I. ANDERSON and DALE G. OLSON
Hcahh Services Laboratory, U.S. Atomic Energy Commission, Idaho Falls, 1daho
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Abstract—The purpose of this investigation was to develop a method tolocate and 10 trace the
movement of gamma-emitting nuclides in human subjects by scanning the body helically with
a collimated scintillation detector. The counting system was a helical scanner and a 4K
analyzer. An IBM 360 computer was 'used to reduce the counting data. For each scan of the
body, As many as 4096 separate measurements were made of the Jevel of activity at positions
along the helical path of the detector as it moved around and along the body. The results were
in the form of computer-produced isometric andfor isocount contour plots showing the location
and relative quantities of the specific nuclidas in the different sections of the body. Positions on
the surface of the body were plotied as a function of gamma activity and gamma energy.
Results are given for 12 scans (hat were obtained from three different pensons. Changes in the
distribution of the activity in the body were determined as a function of time by repeated scans
of the same individual. The results of this study show that helical scanning can be used to
determine the total body dutribution.of gamma-emitting nuclides in humans. If the helical
configuration is used, repeated scans are not necessary in order to cover the surface of the body
between the selected limits of the scan. Large quantitias of data are rapidly reduced to the final

roults by 3 higb-speed computer.

. INTRODUCTION
HevicaL scanning or rota-scanning has been
described as a method of whole-body counting
andfor area scanning. Radionuciides were
assessed in pivo by scanning the body with rotat-
ing scintdllation detectors ' Initially, the
emphasis was on the utilization of a hen !
scanner as & whole-body counter. Because of
the helical configuration of the scan, the count-
ing geometry of a 47 counter is simulated so that
the distribution of activity in the body has jess
eflect on the counting results. Even though a
reliable measurement of the total quantity of
each radionuclide in the human body is the
major concern, the fractional part of each
element in each organ or part of the body must
be known in order to calculate the organ dose.
Fortunately, most organs are not on the central
axis of the body and some are very near the
surface. Helicalscanning is especially applicable
for the determination of relative quantities
of gamma-emitting elements in these organs
because the detector can be made to scan over
the entire surface of the trunk of the body,
placing it at a minimum distance from each
organ at some pasition along the scan. Up to
this time, most area scanning has been by profile

scanning or rectilinear scanning. Obviously,
multiple scans are required when these tech.
niques are used if the detector is to pass near
the critical organs in the body. The purpose
of our study was to test helical scanning as a
method of area scanning to determine the total-
body distribution of gamma-emitting contarni-
nants. A method is described for the application
of a large two-parameter analyzer system to
accumulate up to 4096 separate counting rates
for cach scan of the body. Comprehensive
computer techniques are described that were
employed to reduce these large quantities of
data to the final graphical and numerical
results.
EXPERIMENTAL

The counting procedure was to scan the
human body with rotating detectors. The
accumulation and procu.ung of the counting

‘data were accomplished using a helical scanner,
a 4096-channe! 2-paramcter analyzer system,-

and an IBM 360 computer. Up to 4096 separate
numerical values were accumulated by the
counting system for each scan of the body
The persons who received these scans were
reactor workers who had been exposed acci-
dently and persons who had ingested small
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guantitics of rad onnclides veluntuedly for the
purpose of the study. The trunk of the Lody
was scanncd helivally by 3 3in. NaI{T})
detectors that. woe shielded by a 3 or Jin.
diameter eylindiical-bure collimator. The ana-
Iyzer system included an external time base in
order to do timesequence counting, and the
experimental configuration of the system could
be altered casily by changing the external
patch cord connections on the control module.
The counting data from cach scan of the body
were a series of separate gross-gamma counting
ratcs or many scparatc gamma-ray speclra.
These two types of data were accumulated in
sequential order as a function of time while
. the detector moved along its helical path around
the body. By synchronizing the timer of the
analyzer system with the scanning rate of the
detector, specific locations in the memory were
made to correspond to definite positions of the
detector along its scanning path. Data were
read from the magnetic-core memory of the
analyzer onto 7-track magnetic tape’ and
finally through a remote input-output terminal
(RIOT) into an IBM 360 computer. Data
reduction was accomplished by a comprehensive
computer program designed to process large
pumbers of gamma-ray spectra and the many
hundreds of sets of numerical values from the
different gross-gamma counting rates aleng the
scanning path of the detector. Fina! reults from
the computer were obtained in various forms
of isocount contour plots of gross-gamma data,
isometric plots of multiple gamma-ray specira,
and the numerical values for quantites of
different nuclides in different parts of the body.

RESULTS AND DISCUSSION

Determination of the location of gross-gamma
sctivity in the body

Figure 1A shows the resulus obtained from
scanning an individual immediately after vol-
untarily swallowing a 1.5 uCi source of *Co.
The data for this plot were obtained by scanning
the body over the area from the mouth to a
position 26 in. further down the longitudinal
axis of the body. The plot defines all positions
on the surface of the body between these limits.
Positions around the body in units of degrees
arc plotted as a function of distance along the
body in inches. The 11 different contour lines
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are scparated by aliernate shaded and blank
arcas. Each increase of one unit in the number
or letter forming the isocount contour lines
represents a reduction of 150 unis for the
isocount value. The range is from a counting
rate of 1650 for the position 1 on the plot to a
counting rate of 150 at contour lineB. Aand B
arc the outer lines, and they are used to define
the 10th and 1lth contour levels which rep-
resent the values 300 and 150, respectively.
Rotation of the detector was counterclockwise
around the body, so that 0°, 90°, 180° and
270> define positions along a line down the
center of the anterior, left, posterior and right
sides of the body, respectively. The position
on the outside of the body where maximum
activity was detected is indicated on the plot
at 13 in. below the mouth and at about 135°
around the left side of the body from the 0°
reference position. This defines a position to the
‘Jeft of the spinal column on the posterior
side of the body. :

The results shown in Fig. 1B were obuined
from a scan of the same person 1.5 hr alier
the ®Co had been ingested but immediately
afier an insoluble capsule of 3#*'Cs had been
swallowed. Consequently, two sources of activ-
ity were present in the body at the time of the
scan. The center of the area enclosed by the
highest level contour line on the plot is at about
13in. and 90°. The indicated concentration
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of activity results from the *'Cs source in the
stomach. Another concentration of activiry
is indicated by the area enclosed by the number
5 and 6 lines. This activity results from the
®Co source that had been ingested 1.5 hr ear-
Lier, during which time it has moved toward
the right and a few inches farther down the
body. Figure 1C is a scan for the same ind-
vidual at 15.5 hr after the first source was an-
gosted. This scan began at 12 in. below the
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mouth. Two distinct areas of activity are visible.
Both'sources are at the same contour level, and
Loth arc toward the left side of the body. One
sourcc is anterior at about 16 in., and the other
is posterior at about 19 in. Their positions were
undoubtedly in the lower large intestine at the
time of the scan, probably in the descending
colon.

The three plots that are labeled Figs. 2A-C
are from scans of a reactor worker who had
accidently inhaled more than 150 uCi of
16175 and "Ta, The direction of rotation of
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the detector for these plots was clockwise
beginning with the detector over the nose at
center on the anterior side of the body. The
nosc was used as the zero reference point for
the starting position of the detecior. Positions
indicated by the X axis or degree scale are not
the same as those of Fig. | because of the re-
versed direction of rotation. The right and Jeft
sides of the body are represented by 90° and
270°, respectively. Figure 2A shows maximum
activity in the dacending colon at about 21
in. and 330°. This position is on the left
side of the body and 21 in. down the longitudinal
axis from the nos¢. In addition to this hot spot
and the indication of increased activity most
of the way around the body at this level, a
concentration of activity is also indicated in the
lung area at about 13in. The number 8
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contour line surrounds arcat that are centcred
at about 140° and 225° and 13 This denines
positions to the right and left of the spina!
column in the thoracic regior.  Increased
activity is indicated on bath sides of the spinal
_eolumn. Figure 2B is a scan of thr tame indi-
vidual 1 day aftecr the previnne Jlan Now,
three distinct areas of activir. atc shown bv
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the plut. Activity appears again in the lung
arca and lower large intestine, buta major peak
is at 180° and 25 in. The indicated position of
this activity is the extrenc lower ¢nd of the
GI tract, perhaps the rectum. The final
contour plot for this serics of scans is shown in
Tig. 2C. Post-cxpusure time at the time of this

scan was approximately 1 month; the only ¢

activity that remaincd was in the lung. The
pattern of the activity distribution has not
changed. Again the maximum activity is
shown to be at about 13 in,, predominating on
the right side of the spinal column. The quan-
tity of activity was only about 1 uCi at the
time of the scan so that these results were ob-
tained by using the larger 3-in. cylindrical-bore
collimator with the 3 x 3 in. detector.
Dieterminations of the distribution of each

separate nuclide in the body

The first trials to locate specific nuclides
separately in the body were made by scanning

Fic. 3. Helical scan of phantom containing
sources of ¥\in, #5¢, ¥Co and G, -

a phantom conuining sources of #\n, %57,
#(o and 37Cs. A scparate spectrum was
accumulated for each of 16 different revolutions
of the detector around the body while the
detector moved 27 in. parallel to the central
axis of the body. Therefore, each spectrum
resulted from gamma_ activity in one of 16
cross-sectional areas. The results are shown
in Fig. 3 as a computer-produced isometric
plot of the 16 spectra. The order of positioning
of these four different sources along the body
is readily discernible from the plot. The posi-
tion of maximum &ctivity appears on the
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distance axis at 0 in. for the 0.84-McV peak of
¥\Mn, at 8 in. for the 0.51-Mc\: prak of #3Sr,
at 16 in, for the 1.17- and 1.33-McV peaks of
*Co, and at 24 in. for the 0.66-MeV peak of
WICs. The computer produced 17 scts of numer-
ical results to show height, position, width and
arca of each peak in the spectra. The seven-
teenth spectrum was obtained from the com-
posite spectrum from summation of spectra |
through 16 as they appecar in the isometric
plot. - Therefore, the peak areas from the
composite spectrum represented the total activ-
ity of cach of the 5 nuclides in the whole body..
Quantities of each isotope for cach of 16 different
cross-sectional areas alung the body were given
by each of the other 16 similar sets of numerical
values from the computer. The computer
program is designed to convert peak areas and
channel numbers to microcuries and energies
when the counting efficiency and the linear
correction for sodium jodide are included as
input to the computer.

After four different nuclides had been success.
fully localized in a phantom, the next trial was
to trace two different nuclides through the body

Fio. 4A. First isometric plot from the belical
scan of the #Co-127Cs exposure casc.
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of a human subject. This individual ingcsied
two different insoluble capsules. One capsule
contained 1.5 uCi of ¥Co, and the other
1.5 uCi of 13'Cs. - Scans were made at different
times over a 30-hr period while the sources
moved through the GI tract. Figures 4A-D are
typical of the many different computer-
produced plots for these scans with each plot
showing different positioning of the *Co and
Cs'™ along the GI twract. A 3-in. Nal(Tl)
crystal with a 3-in. collimator was used as the
detector.  Eight spectra were accumulated
while this collimated detector moved from a
position over the mouth to a position 26 in.
down the longitudinal axis of the body as it
rotated 8 times around the body. Figure 4A
shows two different isometric plots from the
same data with the view angle differing by 180°.
The ®Co withits 1.17- and 1.33-MeV peaks had
becn ingested about 1.5 hr prior to the scan and
the 1°Cs source was held in the mouth while
the counting data were accumulated. The
results show the 0.66-MeV peak for ¥'Cs at
the zero or starting position of the scan which
was over the mouth. The centroid of the 1.17-
and [.33-Me\ peaks of Co are approximately
16 in. down the body from this reference point.

Fic.. 4B. Second isometric plot from the helical
scan of the #Co-1""Cs expasure casc.
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Figurc 40 shows results from a scan of the

same  person immediately  after |h? 13107
source had been swallowed. The IB:OCOI'N
contour plot underneath the isomctric plot
is included 1o show the distribution of the gross
activity. Position around the body is an addi-
tional parameter defincd by this plot that can
be used to localize the aclivity more exactly.
“The data for both plots were collected simul-
tancously by use of identical detectors. The
position of the pcaks on the distance axis match
the highest level on the contour plot at 13 in.,
and the highest activity is shown by the con-
tour plot 1o be centered at about 100°. The
100° value represents a location posterior and
toward the left side of the body. The centroid
for the broad peaks of #Co on the isometric
plot appcar to be 2 or 3 in. below the ¥Cs
peak. The number 5 and 6 contour lines show

this activity to be centered at about 330°.

However, the two sources are not well rosolved
on the contour plot. This would obviously
require a greater degree of collimation than
was provided by the 3-in. collimator. The
elapsed time between ingestion of the sources
was only 1.5 hr so their Jocations could have been
very nearly the same at the time of the scan.
Figure 4C shows the resulus of scans of the
same individual at about 24 hr after the sources
of ®Co and 13°Cs had been ingesied. Now,
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case using & l-in. collimator.




Fic. 5. Double isometri¢ plou for the ¥Co-13*Cs exposure case.

the two sources appear at the same position
on both of the plots. Again, the locations of the
two sources were not sufficiently different
to be resolved by the 3-in. collimators that were
used for this scan. All peaks arc atabout 2t n
on the isometric plot and the highest leve. (nn-
tour is at this same position. From this contar
plot, the patition around the bod. w:rre
maximum activity was detected 18 307 o
defines a Jocation tha: is anterior ard 1owarl
the right'side of tl.r imdy. ’

Figure 4D was obtained by scanning with a
8 X 3in. detector with a l-in  collimator.
Sixteen specira were accumulated for each of
these two scans. Peak positions are a1 12 in.
for the 0.66-MeV peak of '*°(’s and 14 in.
for the 1.17- and 1.33-Mc\' peaks for #Co.
After 5.6 hr, the upper edge of all three peaks
are off scale, as shown by the upper plot. This
plot shows the peaks at about 21 in. The reso-
lution on the distance axis is less for the upper
plot indicating increased distance of the source
from the detector. The increased build-up on
the trailing edges of these spectra indicate
movement of the source while the scan was in
progress. '

Figure 5 shows two double isometric plows
Two spectra were accumulated per single.

revolution of the detector around the body, one

for the anterior and one for the posterior aide.
The pronounced difference in the peak heighta
for the two helical scans indicate a pronounced
change in position of the sources with respect
to the cross-sectional area of the body. The
sources have moved much nearer the anterior
sidr of the body during the }-hr elapsed time
betwern scans. As demonstrated by these plots,
s or more pairs of isometric plots can be
displayed in this manner for a single scan.
Sets of data accumulated on opposite sides of
the body can be used in pairs to indicate the
depth of a radioactive source in the body.
The numerical values for ratios of gamma
intensities on opposite sides of the body can
be expressed as a function of depth of the radio-
active source in the body.

Figure 6 shows results for a scan of a reactor
worker who had received an internal exposure
from inhalation of airborne activity. Even
though the 1otal activily was only approximately
1 uCi and the counting time 6.4 min, location
of three different nuclides is discernible from the -
plot. The peaks in the specira from R,
9572, %N\b and *Co are all located at about
the level of the sternal notch. All of these
nuclides were undoubtedly in the upper res-
piratory tract at the time of this scan. Most of
this activity was eliminated from the body in
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Fic. 6. Helical scan of reactor worker after an
accidental inhalation exposure.

the feces within 24 hr afier these results were
obtained.

A helical scanner with a large-memory
analyzer has been used cffectively to locahze
either the gross-gamma activity or specific
radionuclides in the human body. The sub-
sequent  large quantitics of courting data
that were accumulated for cach scan of the
body were reduced to meaningful results by
the large 1BM 360 computer. A continued

JOUATION OF SPLCIYIC NUCLIDES IN THE HUMAN BODY

investigation is underway {0 increase the spaﬁ.al
vesolution of the counting system Ly the ul_xl-
jzation of large scintillation  detecton with
focusing collimators. The computer programs
are being applied to some of the convcnuon.al
mcthods that arc used to determine the dis-
tribution of radionuclides in human subjects.
Also, these programs with the IBM 360 computer
have been used with diffcrent scanning systems
to trace nuclides dynamically inside the body.

Acknouledgements—The authors acknowledge the
technical advice and assistance in writing this paper
that was received from C. W. SiLt, Chief, Analytical
Chemistry Branch, AEC Health Services Laboratory.
LeRoy Howaro and Bit BarNETT assisted in the
collection of some of the counting data. DeRaY
Paxxrr and Jay CHAMBTRS of the I nstrumentation
Branch of this Laboratory assisted in the dasign and
maintenance of the counting equipment.

) REFERENCES
1. J. 1. AvpDERSON and D. G. Ouson, Health Phys. 13,
719 (1967).

. J. 1. A~prmsoN, D. Parxen.and D. G. Ousom,
Health Phys. 18,709 (1969;.

3. \W. W, Buacx, Nl Jnstrum. Meth. 73, 317 (1969)




