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A. TASK DESCRIPTION (Approach, relation to work package, in 200 words or less)

The wain emphasis of these studies is the development of methods (hardware
and software) for the quantitation of body and specific orgun burdens of radio-
activity. Current work is directed toward the evaluation of radiation dose distri-
butions in human beings from new radloactive tracers and new procedures used in
nuclear medicine. Dosimetry and clinical studies will be carried out on patients
using new radiopharmaceuticals where dosimetry data are lacking.

Future efforts will be directed toward the development of systems that will

- facilitate the collection of dosimetry data using less specialized facilities,

The availablility of instrumentation and analytic techniques thar provide clinical
images as well as dosimetry data should enhance the rate of collection of data on
human exposures in medicine and asgsist in the optimization of diagnostic strategiles.,

In parallel with these effurts, we are developing a new computer ascistad
technique for diagnostic decision making. The basic aim is to utilize efficlently
all the available data to maximize information gain while minimizing cost factors.
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Touya, J. J., Yrice, R. R., Patton, J. A., Erxickson, J. J.; Jones, J.P.
and Rollo, F.D. Gated reglonal spiromstry. J.Mucl.Med. 20, 620 (1979).
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C. Purpose

‘L. Development of wethods (analyticel and instrumental) for quantitatiorn
of body and specific organ couteabs of stable and radivactive tracers;
and : ' :

~

2. Application of these techuiques to obtafu- iuformatlon on:

- A, Pathophyslologic status of patiients receiving establiclied and
new radlopharmaceuticaly; and :

B. Dogsimetry.

3. Developheat of analytic techniques for elficient extraction of
iaformatiion from images (features), for dldLﬂOutiC and therapaurh
decisions.

D. Background

This contract was originally directed toward the development of low level
whole body counters for assessment of fallout fission fragments from weapons
testing in the late 1950's. 1In the late 1960's, we redesigned the data .
collection gystems for assessment of radiation doge from radiopharmaceuticals
uged in nuclear medicine diagnosis dnd therapy. In the 1970's, high resolution
solid state detectors (GeLi) were added for stable tracer studies using neutron
activation analysis to obtain information without patient radiation dose.

These studies involved collaboration with scientists at ORNL. X-ray fluores-—
cence (SiLi) detectors were developed for analysis nf thyroid iodine content,
and high resolution emission mapping (UPGe mosaic array) investigated in
collaboration with LBL and FMI.



These investigations have required quantitative measurement and analysis
techniques in which computers have played a major role. We have attempted to
demongtrate the advantages to be derived from the use of the CAMAC standard
in nuclear medicine. These efforts have involved collaborations with LASL,
FNAL, and AERE (Harwell).

The previous program will be divided into two parts:

1. An extension of the past work, emphasizing the development and
application of new concepts in instrumentation and analysis to nuclear
medicine and focused on assessment of the impact of new energy sources on
health. This work will be conducted at BNL and is described in this
document.,

2. A transfer of the BCTIC operatlon from ORNL to Vanderbilt,

E. Progress in FY 1979

1. Dosimetry

a. Radlo-iron Dosimetry
A draft manuscript has been submitted to the MIRD Committee
summarizing the data we have collected and analyzed. The key tables resulting
from these computations follow (Tables VI, VII, VIII), and a draft manuscript
hag been prepared. (Appendix A)

b. NCRP Report on Radiation Protection in Nuclear Mediecine
(Scientific Committee 32)

The initial review by the prime reviewers has been obtained,
thelr comments and suggestions incorporated and the revised manuscript
returned to NCRP staff for final typing and distribution to the council.

The report includes tabulations of organ dose estimates from commonly employed
radlopharmaceuticals based on calculations made by W. Snyder and M.R. Ford
(ORNL) using biokinetic data reviewd by the committee and using MIRD data,
where available. The report should be approved and piblished in mid 1980.



Table VI

Average Radiation Absorbed Dose in Normal Subjects
from Radioiron {(rads/mCi)

Target Sougce Orran L
Organ Liver Splcen Red Marrow RBC* Total

52}:,c + 52m}In

Liver 2.68 0.03 0.14

0.04 2.89
Spleen 0.03 16.11 0.12 0.04 16.30
Red Marrow 0.03 0.02 8.96 0.02 9.0%
- Qvaries 0.01 0.02 0.48 0.04 0.55
Testes 0.00 0.00 0.05 0.04 0.09
Total body 0.10 6.07 0.47 0.03 0.67
ke
Liver 60.2 0 0 3.8 64
_ Spleen 0 267 0 4.0 271
Ped marrow 0 0 6.0 3.8 9.8
Ovarics 0 0 0 4.0 4.0
Tagbtes 14 0 ¢] 3.8 3.8
Total body 1.5 0.7 0.L 3.8 6.1
PgFe
Liver 127 1.7 0.8 15.9 145
Spleen 3.3 463 0.8 15.0 482
Red marrow 3.1 1.7 18.5 14.1 37
Uvaries 2.7 0.9 2.2 ~15.0 21
Testes c.7 0.2 0.3 15.0 16
Total body 6.3 3.3 1.5 13.2 - 24

¥ Dose from RBC activity outside of the liver and sp]eénﬁ'fotal
body "8" values used.



Table VII

Average Radiation Absorbed Dose in Abnormal Subjects
from Radioiron (rads/wmCi) '

(self~irradiation dose only)

Zre +  “Am e Ppe
Maxilmum Mindmum Haxioum  Mindlmuan Maxinum — Mindwoum
Liver 12.4(G) G.397(D) 161(0) 33.7(A) 353.(0) 58.0(N)
Spleen 69.0(D) 0.840(B) 1120(H) 567 (1) 1720Q11) 86.0(F)

Red marrow

13.3(1) 0.652 (1) 151(1) 1.98(1)  176(¥) 6.3(1)




Comparison of
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Table VILI
9 :

Fe Dose Fstimates (rad/mCi)

P

Liver

Splcen-

. Red marrow

Qvaries

Tastes

Blood

Skeleton

Kidneys

Total body

(1)
83

46

26

22

23

(2)
150
230

140

90

30

(3
100
140

50

75-1.00

13

5-35

(4) (5)
27 145
57 482
65 37

21
16

77
.'23 24

(1)

(2)

(3)

(4)

(5)

e

Feller PA, Grosswan LW, Sodd VI, Kerelakes JO: Dosimetry of Fe-52
and ¥e-59.  To be published (1979) '

e g o e

Hine GJ, Johnstor RE:

Garby £, Nosslin B:

Absorbed dose from radioanuclides. J. Nucl. Med.
A1, 468-469, 1970 (letter)

Radiatilon Doses from Radicactive Substances in

Substances 1n Medical Use.

Stockholm,

Swedish National Inéfiﬁﬂfgmgf

Radiation Protection, 1969 (a compillation)

Cloutier RJ, Edwards CL, Snyder, WS: Radiation doses from radionuclides
Tn CONF-G91212, 1970, pp. 325-345

in the hlaod.

This article



2. Prediction of Radiation Sensitivity of the Thyroid During I-131
Therapy

Information of iodine uptake, the effective half-time of its retention
in the thyroid and thyroid mass are used in calculating the amount of I-131
to be administered to patients in the treatment of hyperthyroidism. A
major variable, however, which we have not yet learned how to agssess and use
in planning therapy is radiation sensitivity of the thyroid.

In previous work on iodine kinetics, we evaluated iodine metabolism in large
numbers of patients during treatment of thyrotoxicosis and have determined model
parameters which are reasonable predictors of absorbed radiation dose to the
thyroid, given knowledge of thyroid gland size.

To evaluate thyruid sensitivity, we sought to find and measure a parameter
that veflects damage to the thyroid. The rate of loss of iodine from the gland
immediately following therapy is due to altered rates of release from the gland
and by diminution of uptake. We have now messured the fodine content of the gland
after therapy by means of x~ray fluorescence scanning in a large number of patients
in an attempt to determine if ths later incidence of hypothyroidism can be pre-
dicted from early changes in iodine content after therapy. We measured iodine
content and other thyroid function parameters in 52 patients who received radio-
iodine therapy. These patients were studied at monthly intervals following 1-131
therapy with gerilal, quantitative fluorescent scans and radioimmuncassays. All
patients showed a steep decline in iodine content between the second and third
month post-therapy.

The major finding of interest from these studies is that those patients who
wera destined to become hypothyroid had lower lodine content values at the 2-3
month interval than other groups. From inspection of the data, we chose a value
of 2 mg as the level for making predictions on the outcome of therapy. Applying
this separation criterion to the 43 patients in whom adequate follow-up information
was available (as of June 1978) some interesting observations can be made as shown
in the lower section of Table V. Of the 21 patients who had iodine contents of
2 mg or greater at the 2-3 month interval, only 3 became hypothyroid within 12
months. The remaining 18 either remained euthyroid or relapsed into hyperthyroidism
within 12 months. On the other hand, of the 22 who had iodine contents of less
than 2 mg at 2-3 months post-therapy with I-131, 18 became hypothyroid. Thus,
this 1s a clue deserving further study to determine whether this predlsposes the
patient to develop hypothyroidism and, 1f so, by what mechanism. A munuscript
summarizing the present status of this project, in preparation for submission for
publication, 1s attached as Appendix B.



Tabla V

Relatidnsﬁip of low lodine Conteni to Karly Hypothzﬁgidism

':Thyroid Yodiune Hypothyroid Buthyrcid at 12 Months
at 2.-3 Mouthg Within 12 Months or Relapse Within 12 Mounths . Total
< 2 wg. 14 ' 2 | ~ 16
> 2 mg. 3 13 _ 16
Updataed to 16 June 1978:
< 2 mg. 18 4 | 22 )
> 2 mg. 3 18 : 21

Inadequate Followup; 9




E. Tethnical Progress (cont'd)
3. Instrumentation Projects
a. Digital Computer Interface for a Longitudinal Tomographic

Scanner for Human Dosimetry Studies

SCANNER DESCRIPTION

The PHO/CON-192 Multiplane Imager is a tomographie scanning
system davaloped Ly Searle Radiographics., It consists of two
high performance gsmma cameras, each with ita own focussed
collimator (Fig. 1), The cameras are supported by a moving

e UPPER CAERA

| FOCUSSED COLLIMATOR

I
STATIONARY BED

Figure 1.

PHO/CON-192 Multiplane Imager showing upper and
lower cameras and the stationary bed.

frame so that one camera {s located above and one below a
stationary bed. The cameras are moved together in a rectilinear
raster by the drive system, maintaining their relatfve positions
throughout the scan. Vertical dieplacement of each camera can
be adjusted individually. Scanning is controlled by the
internal electronics of the PRO/CON. Tomographic images are
reconatructed by dedicated hardware, Tomographic images of six
different planes for each detector are produced on standard
x-ray film. The separation between each plane and the distance
from the collimator face of the first plane are specified for
the uppsr and lower cameras prior to the start of the scan.

COMPUTER SYSTEM AND RECONSTRUCTION METHODS

The PHO/CON has been interfaced to a PDP-1.,34 computer in
our laboratory. A digital interface (Fig. 2) containing
analog-to-digital convertors, timing and control, multiplexing,
and line driving circuits has bsen developed. This interface
encodes scan system moving fyame (hed) coordinates, camara
coordinates derived from the analog camera voltages, an
uppet/lower detector flag, and an isotope one/two flag {nto a
16 bits-per-word dats stream which 4s transmitted to a DHA port
in the PDP~11/34. List node data are collected from the
scanner and stored imvediately on disk with no processing.
Large amounts of data at high speed can be accepted and ntored.
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Pigure 2.

PHO/CON data encoding and collection hardware
block diagram, ’

A PDP-11/55 computer is used tc reconstruct the images because
of {ts larger memory, higher processing speed, and high quality
display processor on which thie reconstructed images can be
viewed,

Reconstruction of individual longitudinal tomographic planss
is perforned by backprojecting the collected events along the rey
paths through the focal point of the caméra in which the avent
vas detected. During scanning, events that originate at a
particulsr position on & plane are repredented by a specific
capera coordinate pair. If a fictitious line {s drawn from this
coordinate position back through the focal point, the plane from
which the event occurred will be Intersected at a point (Pig. 3).
By suming all of these backprojected intetssctions on a plane,
an estimation of the activity distribution ot that plane is
obtained. This {0 an approximation of the true activity
distribution because of contributlions from activity on other
planes which also are sumwed into the image and contribute &
blurring or loss of resolution to the reconstructionm.

The 1ist mode data is decoded word by word during
reconstruction. The X and Y woving frame coordinaras are
incorporated into individual deta words ae the low order 12 bits
and ere preceded by a flag word of sixteen bite of zaros.
Caners data vords which follow the Y bed coordinste word contain
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Pigure 3,

Backpiojection of an event through . longitudinal
plana, A fictitious line drawn through a crystal
event and through the focal point of the
collimator intersacts s plane of interest at 4
point as the crystal {s moved in a rectilinear
raster,

the seven bit X and seven bit Y coordinates for each camera
event, Ale: encoded in each camera word are flag bits
representing upper or lover detector data and isotope one or two
data (Fig.4), Deccding is performed by detecting the flag word
as the start of a unit of data. Bit masking extvacts the
coordinates and flag information from the dats words in the
proper sequence.

After decoding each data word, the appropriate action is
taken to backproject the avent., The X and Y bed coordinates are
wapped into the final image array. Each camera event at svery
bed coordinate pair is backprojected on the longitudinal
tomoplanes that have been chosen for raconstruction. The
current program ¢aa build as many as six 128 X 128 byte mode
images simultaneously, three each for the upper and lower
detectors. Reconstruction times are dependent on the number of
counts detected. Typically, reconstruction times for patisent
studies are sbout the same as the collection timas.

This digital backprojsation reconstruction technigue yields
longitudinal imsges simf{lar to those which are available from
the PHO/CON hardwars reconstruction, However, there are saveral
advantagas to the computer-generated images. Reconstruction can
be done at anytime (or redonme, if necessary) since the rav data
is stored. This obviates the need for rescanning the patient.
Any number of {mages at any arbitrary plans ssparation can be
Teconstructed as needed., The PHO/CON reconstruction yields six
images for esch detector at & constant separation. Various

——
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Figure 4.

Digital data stresam from the PHO/CON interface.
Each change in a bed coordinate vesults in a
new flag word followed by bed coordinate words
and camera data at the bed coodinates.

filter and deblurring algorithms can be applied to the digital
images to improve the signal-to-noise ratios and enhance the
images. This ie not a feature of the commercial PHO/CON systenm.

Backprojection can be used to produce transverse sectional
images from the PHO/CON data. Transverse section images are not
available from the commexcisl system. The algorithm used to
Teconstruct transvarse saction images is very similar to that
used for longitudinal section images, the difference being that
the plane of interast of the interaection of & rsy path is a
transverse plane rather than a longitudinal plane (Pig. 5).

The transverse section images are reconstructed as 128 X 128
pixels. The wartical dimension is 34 cm with the geometric
‘focus in the center of the image, The horizontal coordinatas of
_the transverse images are derived from the encoder information
for the X axis of the PHO/COM bed, just ds are the X-coordinates
of the longitudinal scan reconstruction. The vertical
coordinates of the transverse images are not derived from the
encoder dats, but are calculated from the camera data.

. TrnnaQ.rtc imagas usually require post-recomstruction
processing to produce & final image. Ambiguities can ariss in
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Figure 5,

Backprojantion of an event through & transverse
plane. A line drawn through a crystal event and
through the focus of the collimator intersects e
plane of interest at a point.

the calculation of the vertical coordinates because of round-off
error. When the camera i{s positioned squarely over the
transverse plane being reconstructed, it is impussible to
position some camera events properly in the plane. These events
are not used in the reconstruction. Thresholding and smoothing
reduces the effects of omitting these data.

RESULTS OF DIGITAL BACKPROJECTION

Numerous phantom scans have been performed with the PHO/CON
using Te=99m, Both the longitudinal and transverse section
images have been reconstructed. Patient studies have been dome
using Tc~99m, Ga~67, and T1-201, :

¥Yigure 6 is a phentown comstructed in our laboratory. It has
an annular vegion surrounding & volume region. Within the
volume are four separate smaller volumes, For these studies, the
annulus and the four volumes were fillad with Te-99z. Figure 7
shows the results of a reconstructed longitudinal scan, Recon~
struction vas carried cut at three levels through the phantom.
FYigure 7 slso shows transversse sections through the phantom,
The inner volumes and the vertical portion 6f the annulus are
seen to be separated. This 18 the expected result because the
horisontal resolution is better (about 0.6 cm) than the vertical
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Plexiglas volume phantod, An annulus surrounding:
a volume which contains four smaller volumes is

sesen in the diagram. Each section can be filled
separately.
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Figure 7,

Tc~39m tomographic scans of the phantom shows
three longitudinal planas and two transver:i .
planes.

tesolution (estimated at 2.0 cm). The images desonatrate the
shape of the phantom,

, . Fgure 8 shows longitudinal tomograms of & 72 hour
Galliun-67 patient study. .A Te-9% sulphur colloid study wvas .
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Figure 8.

72-hour Gallfum~67 and Te-99m sulphur colloid
scans. Two arbitrary planas of Ga-67 data and
corrasponding Te~99m sulphur colloid liver scans
are combined by the computar to form an overlay
composite, This procedura can be done at any
tomogzraphic level. ) :

collected fmned{ately after the gallium scan without moving the
patient. The sulphur colloid is seen primarily in the liver.

An cverlay composite image 1s generated by the compucer, Any
number of tomographic overlays at variocus planes could have been
produced from the digital data. Positio~ing the sulphur colloid
liver scan over the gallium whole-body scan was performed easily
by the computer and display processor. Other types of
processing or enhancement could have been used as needed.

Lotigitudinal {mages of the myocardfum with T1-~201 from the
PHO/CON are seen in Figure 9. "The information was collected
from the lower detector with the patient lying in the LAO
position., A 15 X 15 ceatfmeter scan was performed around the
~rea of the heart. The high reaolution collimator was used,

The conventional PHO/CON images are characterized by high
. background content due t, uptake of the isotope in other regions

- of the chest. -

Corputer reconstruction of the same longitudinal planes ars
also shown. These digital images are displayed in 64 X 64 pixel
format and have been post-raconstruction processed to remove
background. The enhancemant procedurss include band pass
filtering, dats thresholding, and backgroiund subtraction.

Figurs 10 shows the results of this processing.

Transverse suctions through the myocardium are presented in
Pigure il. These sections ars parallel to the horisontal axis
in the longitudinal images. The series of sectione moves



FPigure 9.

T1-201 longitudinal tomograms of the myocardium
at 1.5 cm sepsration, These images are from the
standard fila output.

FPigure 10,

T1-201 longitudinal tomograms of tha myocardium
at one centimater separation, These ars computer
processed 1-:;00.

anterior to posterior through the heart at 0 7 em intnrvnla tud
shows the wyocardial wall and left ventricular cavity.

DECONVOLUTION DESCRIPTION

Methods of reducing tlie effects of background noise and
off-plane blur information are being investigatsd. The
algoriths of Chang, Macdonald and Perez-Mendsz (1) for
simuitaneous multiplane dsconvolution has been applied to



Figute.ll.

T1-201 transverse tomogrsms of the myocardium at
0.7 centimetar separation. These are sections
moving from anterior to posterior.

phantom etudies performed with the PHO/CON. Using system theory,
ona can determine the responue of a linear system to any
arbitrary input by convolving the input signal with the impulse
response of the system., If the {mpulse response of the imaging
system 18 1ts point spread function, the convolution of a kaown
distribution with the point spread, assuming linear behavior,
will give the output image of the system. Conversely, 1f the
corrupted output image is available as in a clinical scan, in
principle it is possible to deconvolve the ocutput imags and the
point spresd function to get an uncorrputnd true activity
distribution. This technique works perfectly with noipe~free
ideal images and point spread functions, but not as well with
real data., Real images must be low pass filtared to reduce
noise contributiona. Applying this theory to multiple planes
from s tomographic scanner simultanecusly yi#lds images with
inproved signal-to~noiss rat{os and reducec off-plane
contributionts. However, problems with noise components can
distort the final images.

RESULTS OF DECONVOLUTION

Imsges of s phantom consisting of the aumbers one, two and
three ‘separated by 1.5 cm in air are shown in Pigure 12, The
longitudinal tomographic sections are recomstructed at the plane
of each number, Blur artifacts from the other planas are seen
in each image. Procesaing with the algorithm of Chang, et al.,
yields three images in which the background blur information is
reduced in each iwage (Pig. 12). One problem with the method is
the occurrence of mottling which s seen in the processed images.
This £s due to the noise components of the images becowing
larger than the image information at some spatiasl frequencies.
The result 1s imperfect reconstruction it points in the image.



Figure 12.

Multiplane simultaneous deconvolution of PHO/CON
iimagas using the algorithm of Chang, et al. :

CONCLUSIONS

A Searles PHO/CON-192 multiplane imager has been interfaced
to & PDP=11/34 computer. Digital data collected during scans
can be backprojected to produce multiple tomographic planes in
longitudinal and transverse sections., Digital collection and
reconstruction allowe fmage formation and imgge enhancément that
is not available from the commercially available instruments.
Furthar, post-reconstruction processing using the simultaneous
multiplane deconvolution algori{thm of Chang, et. al, has been
applied to phantom studies. Iterative forms of this method are
being investigated.

REFERENCES
1, Chang, L.T., Macdonald, B., Perez~Mendsz, V.: Axial

Tomography and Three Dimerisional Image Reconstruction. IEEE
Transactions on Nuclear Science NS-23: 868-572, 1976.




E. Technical Progress (cont'd)

3.b. Micreprocessor Controlled Whole-Body scanner for Human

Dosimetry Studdes

Due to increasing difficulty in maintaining the PDP9 computers which have
been used t. ‘ontrol and collect data from research scanner instrument in the
low-level w .e~body counter, we have designed and have contructed a microprocessor
contrélled iterface to operate the low-level whole-body counting facility. This
system 1is based upon an LST 11 controlled autonomous CAMAC crate connected to a
dual floppy disk drive, The LST 11 containrs 32,000 words of éolid state memory
_and the entire system resides in the CAMAC crate. The low-level whole-body
counting system is controlled through an output register which generates a command
which in turn operates a control reglster, which controlsg the mechanical motion of
" the scanner in the low-level whole-body counting facility. The status of the limit
switches and the hand control buttons are returned to the LSI 1l computer through
‘an input fegister in the CAMAC crate. The incremental encoders attached to the
lead screws of the gcanner, used to monitor the X and Y position of the scanner,
are fed back to the LSI 11 through avencoder follower CAMAC module. The scanner
will operate uncer computer control, and data will be collected from both the
upper and lower probes through standard nuclear electronics located in a NIM bin
in the same electronic rack which holds the CAMAC crate controi system., The
system 1is designed to collect up to 4 input chgnﬁels of data from each detectof
during its scanning motion. These data are normally stored in memory during the
scan, however, for large area scans where large amounts of data are collected
these data can be buffer stored on the floppy disks during data acquisition.
These data can then be sent after data collection is finished té the departmental
PDP1155 or to the central computing facility containing a PDP10 éomputer. These
data are sent through an asynchronous communication port using communications

protocols already implemented, and in routine use for cqmmunication between



these computers. The system has been built and we are currently awailting
delivery of some parts needed for the gcanner interface, at which point the
gystem will be installed and the PDP9 removed from service. The module
designed for this work could be used to drive a scanning bed, such as is now
available in many laboratories. With stationary opposed detectors, such a
system would provide a general purpose acanning capability for routine and
ragearch studies. Since no U.S, manufacturef currently manufactures a scanner,

this may be of general interest to other nuclear medicine research groups.



STEFL RCOM INTERFACT PARTS LIST

Intograted Circuits

1-13 SPX74A1

| 27-34372-%Y0(Spectronies) - _

| 14715,20 754518 or V54578 . COER: Gnd =4

- 23,25 ,26  (See Note 1 on drawing) - o

. 16,17,19

- 35,36 741514 Voo = 14 nd = 7

|18 TALS158 - - Yoo = 1€ Gnd = ¢

' 20 TAL3O8 o Yoo = 14 _ond =7

21 TALS0Z i e Vee = 14 ond = 7
o . Gnd = 8

24 75468 -

Transient Suppressor

1N3658A (General Semicunductor)

Resistors
|7
- 2,4K on logic board
: 8 on line board
“1.0K 8 on logic board
4 on line board
150 13 on logic board
‘ 8 on line board
390 't °"»h5;c banrJ Connectors
- J1,J6 DB25 ‘
J2 G terminal
- J3 8 terminal
J4 10 terminal
I5H 5 terminal '
J7 To be specified

~ Power Requiraments (Maximum):

Vee (line board) 418ma

Vece (logic board) 653ma ‘
Vk (logic board) 340ma (5 Volts)
Vee + Vk 293 ma
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