
Lawrence Berkeley National Laboratory
Recent Work

Title
EMISSION COMPUTED AXIAL TOMOGRAPHY

Permalink
https://escholarship.org/uc/item/81x1n5f4

Author
Budinger, Thomas F.

Publication Date
1976-10-01

eScholarship.org Powered by the California Digital Library
University of California

https://escholarship.org/uc/item/81x1n5f4
https://escholarship.org
http://www.cdlib.org/


-
'• 

,, -.. 

u u 

To be presented at the International 
Atomic Energy Agency Symposium on 
Medical Radionuclide Imaging, 
Los Angeles, CA, October 25 - 29, 1976 

LBL-4 794 C'. \ 
IAEA-SM-21 0/124 

EMISSION COMPUTED AXIAL TOMOGRAPHY 

Thomas F. Budinger, Stephen E. Derenzo, Grant T. Gullberg, 
William L. Greenberg, and Ronald H. Hues mall:"-;: E C E i VE D 

DONNER LABORATORY 
.. :\ \N'<~i'? Ct 

t}<,:::<;':t.r.Y U\BC'~i'>.TORY 

October 1976 

L lUF~/\F~Y AI'JD 
DOCUMENTS SECTION 

Prepared for the U. S. Energy Research and 
Development Administration under Contract W -7405-ENG-48 

For Reference 

Not to be taken from this room 

t"" 
tJj 

t"" 
I 
,.j:.. 
-J 
...0 

~,.j:.. -



DISCLAIMER 

This document was prepared as an account of work sponsored by the United States 
Government. While this document is believed to contain conect information, neither the 
United States Government nor any agency thereof, nor the Regents of the University of 
California, nor any of their employees, makes any wananty, express or implied, or 
assumes any legal responsibility for the accuracy, completeness, or usefulness of any 
information, apparatus, product, or process disclosed, or represents that its use would not 
infringe privately owned rights. Reference herein to any specific commercial product, 
process, or service by its trade name, trademark, manufacturer, or otherwise, does not 
necessarily constitute or imply its endorsement, recommendation, or favoring by the 
United States Government or any agency thereof, or the Regents of the University of 
California. The views and opinions of authors expressed herein do not necessarily state or 
reflect those of the United States Government or any agency thereof or the Regents of the 
University of California. 



IAEA-SM-210/124 

IAEA SYMPOSIUM ON MEDICAL RADIONUCLIDE IMAGING 
October 25-29, 1976 

Los Angeles, California, U.S.A. 
IAEA-SM-21 0/124 

EMISSION COMPUTED AXIAL TOMOGRAPHY 
Thomas F. Budinger, Stephen E. Derenzo, 

Grant T. Gullberg, William L. Greenberg, and Ronald R. Huesman 
Donner Laboratory, University of California, Berkeley U.S.A. 

Abstract 

Computed transverse section emission tomography using 99"Tc with the 
Anger camera is compared to positron annihilation coincident detection using 
a ring of crystals and 68Ga. The single photon system has a line spread 
function (L.S.F.) of 9 mm FWHM at the collimator and gives a transverse sec
tion reconstruction L.S.F. of 11 mm FWHM with 144 views. The positron ring 
has a L.S.F. of 6 mm at the center with a transverse section reconstruction 
L.S.F. of 7.5 mm FWHM. Correction for uniformity of detector response and 
accurate center of rotation determination is essential in both techniques. 
The signal-to-noise in a reconstruction is diminished by a factor of 1.2 x 
(number of resolution elements)~ over that expected from the average number 
of events per resolution element. Attenuation compensation causes more noise 
to appear in the center than the edge for both modes and an average increase 
in uncertainty of 30%. The effects of attenuation result in more loss of 
data for positron coincidence imaging than for single photon imaging even at 
energies of 80 keV. For a 20 em cylinder imaged in transverse section, only 
20% of the positron annihilation events are not scattered; however, at 
140 keV 40% of the photons are not scattered. The relative crystal effi
ciency gives single photon imaging an advantage of 5. On the other hand, 
the solid angle advantage of positron photon coincidence imaging is about 
100 for the comparisons of this paper. Taking these factors into account, 
we find positron computed section imaging has a ten fold increase in sensi
tivity over multiple-view imaging with the gamma camera which gives multiple 
sections but requires camera or patient rotation. 
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1 . INTRODUCTION 

An important attribute of radionuclide imaging techniques is the inher
ent ability to quantitate the amount of an isotope in regions of the body 
and thereby deduce the functional or metabolic activity in vivo without dis
comfort to the patient. Until recently, however, we have-been unable to 
deduce quantitatively the activity per volume of interest because the data 
from regions-of-interest were distorted by attenuation and by contributions 
from under and overlying organs. The solution to this problem involves com
puted tomography using scanning devices such as those pioneered by Kuhl and 
Edwards [lJ, positron detector systems [2-6], or multiple views with the 
Anger gamma camera [7-9]. The potential of these schemes to describe quan
titatively the accumulated activity of an injected radiopharmaceutical in 
three dimensions in the human body relies on adequate statistics and recon
struction methodologies with known resolution and noise characteristics. 
This paper presents a theoretical and experimental comparison between single 
photon and positron coincidence computed tomography with regard to number of 
views, resolution, attenuation effects, signal-to-noise, and relative sensi
tivity. 

2. METHODS 

Comparison data were collected using two devices: the Anger scintilla
tion camera (19 PMT's) with a parallel hole collimator and a resolution of 
9 mm FWHM at the collimator; and two opposing groups of eight Nal(Tl) crys
tals to simulate a ring of 280 crystals on a circle 80 em in diameter. For 
the latter each crystal is 8 mm x 30 mm and 50 mm deep, and the crystal pair 
resolution is 6 mm FWHM [10]. The Anger camera-collimator combination used 
has a sensitivity of 5 counts/sec/wCi in air and 2 counts/sec/l1Ci for a 
source distributed in a cylinder of water 20 em in diameter. The 280 crys
tal ring has a sensitivity for coincidence counting of 120 counts/sec/pCi 
for a point source in air in the plane of the ring and a sensitivity of 
25 counts/sec/pCi for a sheet source in 20 em water in the plane of the 
ring [1 0]. 

Four phantoms were used for the comparison studies. A 1.2 mm diameter 
line sourc~ consisting of plastic tubin~ was embedded in a Lucite cylinder 
of 20 em d1ameter (Sp. gr. = 1.2 gm em- ; p = 0.18 cm- 1 for 140 keV and 
p = 0.11 cm- 1 for 511 keV). The second "cold spot" phantom consisted of a 
cylinder of activity in which Lucite poles of diameter 12 mm, 10 mm, 8 mm, 
6 mm, 5 mm and 4 mm were mounted in tri~ngular patterns (diagrams shown 
with results). Each po 1 e was separated from its neighbor by a distance of 
four times its diameter. This was patterned after H. 0. Anger's pie phan
tom used for testing scintillation cameras [11]. A third "hot spot" phan
tom consisted of a solid Lucite cylinder of 20 em diameter in which were 
drilled holes of diameter 2.5 mm, 3 mm, 3.5 mm, 4 mm, 5 mm, and 5.25 mm, 
separated by 10 mm, 12 mm, 14 mm, 16 mm, 20 mm, and 25 mm respectively. 
The fourth phantom consisted of a cylinder 20 em in diameter and 3 em high 
uniformly filled with activity. 

We used 99mTc for the single photon work and 68 Ga from a 68 Ge- 68 Ga 
generator for the positron work. 

. 
• 
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Studies with the gamma camera were made with up to 144 views around 360° 
(2.5° intervals), and 64 samples per view across 25 em (3.9 mm intervals). · 
Studies with the positron ring comprised collection of 8960 cords which are 
arranged or reformatted to correspond to 140 views around 180° (1.29° inter
vals) with 64 samples per view across 31 em (4.9 mm intervals, equal to one 
half the crystal spacing}. 

Gamma camera uniformity corrections are imperative and were made after 
collecting ten million events using a flood field source. Care was taken 
to ascertain the center of rotation for each study. Rotation center errors 
greater than 5 mm lead to significant artifacts. 

Algorithms for reconstruction included both iterative least squares 
and backprojection of filtered projections (convolution method) [7,12]. 

Attenuation correction for single photon imaging was done by including 
the known attenuation factors in the iterative reconstruction procedure. In 
previous studies of eight methods of attenuation correction we found the 
best approach was to generate the attenuation coefficients from a transmis
sion measurement and incorporate these coefficients as weighting factors in 
the iterative reconstruction method [7,13]. For this study we calculated 
the path lengths from each picture element to the phantom edge, and incor
porated an attenuation factor based on these lengths and a known attenuation 
coefticient. This procedure is exact as we know the geometry of the phantom. 
For the convolution method, corrections were made to the geometric mean of 
each set of conjugate projection values as follows: 

~ _ • k (f~T) e~T/ 2 
p- (P 1 Pz) 2 2 sinh(fJ.lT/2) (l) 

~ 

where Pi and P2 represent counts from opposing detectors, and P is the cor-
rected projection value. The factor f is the average fraction of the ray 
path that passes through the isotope in the phantom, ~ is the attenuation 
coefficient, and T is the thickness of the object for the particular projec
tion ray [13]. This method was suggested by us at this symposium four years 
ago (see pg. 352, Vol. I). Attenuation correction for positron imaging was 
done by dividing the observed counts by transmission factors calculated from 
the known geometry. 

Simulations and reconstructions were done on a CDC 7600 and data ac
cumulation and display were made on a Hewlett-Packard scintigraphic sys tern 
[14]. 

3. RESULTS AND DISCUSSION 

3.1 Number of Views 

Practically, we expect that the number of views required is the ratio 
of half the circumference of the object (Dn/2) to the resolution distance (a). 
A careful derivation leading to an equivalent result is given by Snyder and 
Cox [15] and Huesman [16]. Thus to image an object with a diameter of 64 
picture elements we need: 



no. views .TI 0 
= 2 a = 
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1T 
64 ~ 100 21 (2) 

The plausibility of this recipe was demonstrated by simulations of a heart 
and lung phantom without attenuation or noise (Fig. 1). Far less than the 
required number of views can be used in practical clinical trials; however, 
artifacts of the type shown in Fig. 1 will appear as described analytically 
by Tretiak [17]. · 

3.2 Resolution 

A comparison of the 1 ine spread function (L.S.F.) in the computed trans
verse section images for positron coincident detection and single photon 
detection (144 views) is shown in Fig. 2 and summarized in Table I and Fig. 3. 

The deterioration in resolution at the edge of the phantom for the posi
tron ring is an expected result from our earlier calculations [5]. It was 
expected that the single photon transverse section L.S.F. would be quite non
uniform because of the marked increase in the width of the projection L.S.F. 
with increasing distance from the collimator. But as seen in Fig. 2 the sin
gle photon L.S.F. has excellent uniformity which we believe arises from the 
fact that the projection L.S.F. broadening is strongly modulated by attenua.
tion. Thus, the advantage of a uniform transverse section L.S.F. is shared 
by both single gamma and positron coincidence computed tomography [18]. 

Note that the L.S.F. for the positron ring is not the same for all di
rections. The spread function of a point source at the center is symmetrical; 
however the point spread function 10 em from the center is elongated in the 
radial direction with a radius spread 1.3 times that orthogonal to the radius 
vector. This results from the larger apparent size of the crystals viewed 
along cords distant from the ring axis ([5], Fig. 2). 

3.3 Attenuation Effects 

Previously we showed the important effects of attenuation on single 
photon emission computed tomography and examined eight methods of effecting 
attenuation correction [7,13]. A correction matrix such as that used by 
Kuhl et al. [19] will give good results for the head where a constant atten
uation coefficient can be assumed. The geometric mean of conjugate views is 
not an adequate method for attenuation correction without use of a correc- .. 
tion factor such as that given in equation (1). For variable attenuation the 
incorporation of measured attenuation coefficients must be employed (Fig. 4). 
Aspects of the attenuation effects in positron photon imaging have been ex
plored by others [18,20]. In this paper we present an analysis of the at
tenuation effect for the positron coincidence·detection scheme versus the 
single photon system. 

3.3.1 Theory 

In general terms the problem is to compare the number of events lost 
due to stattering for positron coincidence detection with the number lost 
for single photon detection. For a given attenuation coefficient~ we ex
pect a greater loss in the positron situation because for every source point 
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.x.BB 757-5729 
Fig. 1. Effects of limited number of 
views on simulated data without noise. 
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POSITRON RING 

1.0 

0.5 

0.1 

1.0 

0.5 

0.1 

ANGER CAMERA 
SINGLE PHOTON (99 mTc) 

XBB 769-8317 

Fig. 2. Experiment set-up (upper) for data collection involving approx. 
1 million events for the .line source phantoms. Reconstructed transverse 
sections using an iterative technique (center) and measured line spread 
function. 
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Fig. 3. Measured widths of the line spread functions from Fig. 2 
as a function of distance from the center of the phantom. 
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ATTENUATION-CORRECTED ITERATIVE LEAST-SQUARES ALGORITHM 

1 em 2.5 em 

TRUE IMAGE 

RESULT 

RESULT 

INPUT THE PROJECTION 
DATA FROM THE 

TRANSMISSION SCAN 

DO 15 ITERATIONS 
USING THE ITERATIVE 

LEAST-SQUARES 
ALGORITHM 

INPUT THE PROJECTION 
DATA FROM THE 
EMISSION SCAN 

EVALUATE FOR EACH 
ANGLE 8 THE FACTORS 

8 8 
f ij = exp(-~ IJ.a{j • La(j) 

DO 15 ITERATIONS 
WITH THE ITERATIVE 

LEAST-SQUARES 
ALGORITHM USING 
THE CALCULATED 

FACTORS f~ 

Comment: 
36 projections taken 
at 10° increments 

Comment: 

RK8 = ~f;! A(i,j) 
(i,j)Eray (K.8J 

where f.~= 1 
If 

XBB 746-3653 

Fig. 4. Attenuation correction scheme for situations where 
variable attenuation coefficients are involved. 
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(3) 

Consider the fate of each photon emitted by a source at the center of a 
water equivalent disc of radius R. We consider only photons emitted in the 
plane of the disc. For detection of positron annihilation photons the prob
ability that both photons will escape without scattering is 

( 4) 

and for single photons the escape probability is 

( 5) 

Now consider the average escape probability for a source at the edge of 
the disc in the two situations. 

Positron annihi~ation photon 
2n 

coincidence: 

1 
2n 

j e ( -2llR I cos el ) de = 2 
7f 

0 

Sing 1 e ga nma detection: 
7f 

1 J e ( -2l1R I cos el) de + 1 
2n 2 = 

0 

n/2 

f e -211Rcos e de 
0 

n/2 
1 J e -211Rcos 
7f 

0 

(6) 

e de + 1 (7) 2 

In both situations the fraction of photons scattered and thus lost from the 
image is greater for positrons. 

At each position r between the center and the edge of the disc the path 
length which photons must travel to reach detectors for positron annihilation 
photon coincidence detection is 

(8) 

where e is the angle of the photon trajectory. For single photon detection 
the length for each angle e and position r is given by 

LY(r,e) = (R 2 - r 2 sin 2 e)~ - rcos e (9) 

Of course all angles are possible and to determine the total path length 
through whi~h photons are attenuated as a function of source position along 
the radius of a 'disc we integrate thi"s expression over e for each r. The 
radial dependence of the fraction of events lost by scatter for single 
photon versus positron annihilation photon detection is shown in Fig. 5. 

· In order to determine the relative effect for a uniform disc we must 
integrate all angles over the entire disc: 
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Rod ius of water absorber 

' 

XBL769-9272 

Fig. 5. Calculated photon loss due to scattering when all angles are 
taken into account for sources placed at various distances from the 
center of a disc of tissue equivalent attenuating material. 
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2n R 

f f e -llL(r,e) rdr de ( 1 0) 

8=0 r=O 

Herel(r,e) is either eq. (8) or (9). We have done this integration numeri
cally for discs of various diameters using attenuation coefficients corre
sponding to 80 keV (0.18 cm- 1 ), 140 keV (0.14 cm- 1 ), and 511 keV (0.096 cm- 1 ). 

The results of these calculations are summarized ·in Fig. 6. The positron 
detection system will experience a loss of events greater than that exper
ienced by a single photon system using even 80 keV photons. For a pas it ron 
ring system only 20% of the annihilation pairs will escape a 20 em cylinder 
of water without scattering; the corresponding escape probability for the 
single photon situation using 99mTc is 40%. This results in a gain factor 
of 2 in the number of available events for single photon over positron anni
hilation imaging. For non-distributed sources similar results can be ex
pected. 

3.4 Signal-to-Noise 

Analyses of the signal-to-noise (S/N) ratio expected in a transverse 
section reconstruction have been made for iterative and convolution tech
niques over the past two years [21-25]. A detailed analysis of the effects 
on S/N of a finite number of views and finite lateral sampling has been made 
by Huesman [16]. 

Under conditions of an adequate number of views (i.e. at least n/2 D/a) 
and adequate sampling density (i.e. at least 1.5 per cell) the signal-to
noise (S/N) in each resolution cell can be predicted by the formula: 

Mean S/N = ------
Std. deviation 

= (Total events detected)~ 
1.2 (Number of cells)4 

( )
k =Number of detected events per cell 2 

1.2 (Number of cells)~ 

(11) 

The family of curves 
is shown in Fig. 7. 
diameter and 1 x 10 6 

tainty of 37%. 

for various expected rms errors based on this equation 
For a uniform disc of activity 52 picture elements in 
detected events we expect a S/N of 2.7 or an rms uncer-

Measurements of the S/N ratio were made by taking 144 views of a uniform 
disc of 99mTc activity with the Anger gamma camera, reconstructing the section 
image and calculating the ratio of the mean to the standard deviation in a 
large central region of reconstructed discs with one million and ten million 
events as shown in Fig. 8. The results are summarized in Table II. There
construction from which these data were obtained used an iterative method 
and known attenuation coefficients. The results of measurements and calcula
tions do not conform to eq. 11 because this expression does not include the 
effects of attenuation and overestimates the S/N by about 1.3. 



TABLE I. 
LINE SPREAD FUNCTIONS 

Measured L.S.F. Measured L. S. F. Computed 
Method in Projection (FWHM) Transverse Section (FWHM) 

Anger Camera At co 11 ima tor 10 em from collimator At center 10 em from center 

9 mm 13 mm 11 mm 

Positron Ring At center 10 em from center At center 10 em from center 
6mm 8 mm 7.5 mm 10 mm 

TABLE II. 
SIGNAL-TO-NOISE 

I __. 
N 

No. Events Measured Calculated I 

1 X 10 6 2.2 2.7 
ratio = 0.34 ratio = 0.32 

1 0 X 1 06 5.9 8.5 

~ 
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Fig. 6. Fraction of events lost due to scattering under conditions 
of positron annihilation imaging and single photon imaging (dashed). 
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Fig. 7. Predicted statistical uncertainty as a function of the 
number of resolution cells and total detected events for a 
uniform disc of activity. 
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1 Million 10 Million 

XBB 769-8279 
Fig. 8. Discs of uniform activity were used to collect single photon 
events from 144 angles to calculate the transverse sections. RMS errors 
for 10 6 events and 10 7 events are 50% and 20% respectively as shown in 
the bottom panels. 
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Fig. 9. Cold spot pie phantom transverse sec-· 
tion from 144 views with the Anger camera. 
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To demonstrate the non-uniformity of S/N caused by attenuation we 
simulated noisy data obtained under conditions of single photon imaging and 
positron annihilation imaging. Reconstructions were performed using both 
the convolution and iterative procedures and the distribution of S/N deter
mined for various regions throughout the discs using l x 10 6

, 4 x 106 , and 
10 x 10 6 detected events. A summary of results of these simulations is shown 
in Table III for 10 6 and 10 7 detected events. The values for rms noise or 
coefficient of variation in Table III are higher than expected from eq. 11 
due to the fact that the picture element chosen for the simulations was too 
small [16]. In this case the factor of 1.2 in eq. 11 becomes about 1.4 for 
the iterative reconstruction method using conjugate gradient. The noise in 
the section reconstructed using a convolution technique is only 16% for 106 

events and 5% for 10 7 events. This lower rms noise is an effect of the 
filter shape [12] and the qain in signal is at the cost of resolution. 

3.5 Imaging Results--Cold and Hot Spot Phantoms 

Using our iterative reconstruction techniques holes as small as 8 mm 
can be detected in transverse section with the Anger camera for the 20 em 
phantom shown in Fig. 9. A comparison between the positron ring detector 
results and single photon results from multiple Anger camera views is shown 
in Fig. 10. The hot spot phantom results show that 3.5 mm hot spots sepa
rated by 14 mm can be clearly resolved with the positron ring system; how
ever, this resolution is not achieved using our single photon system. 

The spread function of the Anger camera is about 11 mm FWHM and that of 
the positron ring is 7.5 mm FWHM, yet holes of 8 mm can be detected because 
they are separated by four times their diameter (center to center). Similarly 
the 3.5 mm holes in the hot spot phantom can be resolved because they are 
separated by four times their diameter. The theoretical effects of imaging 
devices with spread functions of 10 and 24 mm FWHM are shown for a hexagonal 
array of cold or hot spots in Fig. 11. Under conditions of perfect statis
tics a system with 24 mm FWHM will resolve holes 8 mm in diameter separated 
by 24 mm of activity as shown in Fig. 12; however the contrast will be 
low and easily washed out by the noise associated with even 20 million events 
as in Fig. 9, where the 6 mm holes are just lost by a system that has 11 mm 
FWHM. Here the contrast for 10 and 8 mm holes is approximately 30% as shown 
in Fig. 13. 

3.6 Geometric and Solid Angle Considerations 

Thus far we have seen evidence for the fact that computed section tomo
graphy with single photons competes well with positron tomography. We have 
not yet discussed the main advantages of positron annihilation photon trans
axial tomography: the solid angle advantage due to electronic collimation; 
advantages of using biologically active radiopharmaceuticals; and the dose 
versus statistics advantage due to short half-lives of positron emitters. A 
comparison between positron ring detector imaging and multiple view gamma 
camera imaging can be made as follows. Consider the solid angle fraction for 
a single photon Anger camera 

( 12) 



TABLE I I I. 
DISTRIBUTION OF PERCENT UNCERTAINTY 

IN RECONSTRUCTED CELLS OVER A UNIFORM 20 CM DISC OF ACTIVITY 

Gamma A tten uat ion Distance from Center of Disc 
Enerr Coefficient Total Number of 

Modality (keV ( cm- 1 ) Events Detected o..;2 em 6-8 em 
--

Single y or s+ --- .0 106 40.0 ± 3.0 45.3 ± 1.3 

107 14.5 ± 1.1 14.8 ± 0.4 

Single y 140 0.140 106 68.6 ± 5.2 48.2 ± 1 .4 

10 7 22.4 ± 1 . 7 16.3 ± 0.5 

Single y 511 0.0958 106 58.3 :i: 4.4 47.1 ± 1.4 

10 7 18.1 ± 1.4 15.6 ± 0.4 

s+ 511 0.0958 106 55.5 ± 4.2 43.2 ± 1. 2 I ...... 
co 

107 18.4 ± 1.4 20.4 ± 0.6 I 



Single photon 
8. 5 million, iterative 

axis distance = 12.4 em 

Single photon 
8.5 million,iterative 

axis distance = 17.4 em 
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Positron ring 
1. 5 million ,convolution 
axis distance = 42 em 

Single photon 
8. 5 million,convolution 
axis distance= 12.4 em 

XBB 769-8689 
Fi'g. 10. Hot spot pie phantom transverse sections from 140 views 
with positron ring system compared to reconstructed section using 
144 views with the. Anger camera. 
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diameter with 33 mm center-to-center spacing. 
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Fig. 12. Profiles of activity through the simulation of Fig. 11. 
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- XBB 769-8278 

Fig. 13. Profiles of reconstructed activity for the phantom of 
Fig. 9 with 20 x 106 events. 
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where a2 is the area on the crystal at a distance A as seen through a col
limator. Now for a ring of crystals which detect positron annihilation pho
tons in coincidence the effective solid angle fraction is 

( 13) 

where S is the effective section thickness and 8 is the radius of the crys
ta 1 ring. The ratio of these fractions gives the pas it ron ring its strong 
advantage 

positron = (14) 
single photon 

Thus under realistic imaging conditions of a = 8 mm, A = 20 em, S = 1 em, 
and 8 = 40 em the positron ring has a solid angle advantage of 100. If we 
add factors for lead septa for the single photon situation this advantage of 
positron imaging is even greater. In practice the single photon system must 
be rotated to approximately 90 views but this does not change the sensitivity 
estimate. 

3.7 Relative Detector Efficiency and Attenuation Loss 

The 8 mm x 30 mm x 50 mm crystals used in the positron imaging set-up 
of Fig. 2 have a detection efficiency of 45% when counting pulses greater 
than 100 keV. However the detection efficiency of the Anger camera for 
140 keV photons is nearly 100%. The detection efficiency for positron events 
is proportional to the square of the detector efficiency (0.45 x 0.45 = 0.2), 
thus the sensitivity advantage for the single photon imaging is five. 

Moreover, as shown in the preceding attenuation section, twice as many 
single photons escape scatter in a 20 em cylinder of water as do coincident 
positron gamma ray pairs (Fig. 6), and this gives the single photon situation 
an additional factor of two sensitivity advantage. 

These factors are summarized in Table IV for three systems: a single 
gamma camera; four gamma camera in a square array; and the positron ring. 

4. CONCLUSION 

Using an Anger camera having a resolution of 9 mm FWHM at the collimator 
the transverse section image of a line source of 99mTc in a 20 em Lucite 
phantom was 11 mm FWHM throughout the phantom. For an 80 em diameter ring 
of 280 crystals properly simulated by 16 crystals the L.S.F. for the recon
structed transverse section was 7.5 mm and 10 mm (FWHM) at the center and 
10 em from the center, respectively. 

Transverse section imaging with single photons or positron annihilation, 
photons involves close attention to correction for true center of rotation, 
uniformity of detector response, attenuation corrections, and a realistic 
assessment of signal-to-noise. The effects of attenuation result in more 
loss of data for positron coincidence imaging than for single photon imaging 



TABLE IV. 
SENSITIVITY COMPARISON BETWEEN SINGLE GAMr'A AND POSITRON COINCIDENCE COMPUTED SECTION TOMOGRAPHY 

Solid Angle Event Detection Attenuation Relative Maximum 
Factor Efficiency Effect Sensitivity Rate 

Single Photon 
(one camera) 1 1 1 1 10 5 sec- 1 

Sin g1 e Photon 4 1 1 4 4 x 10 5 sec- 1 

(four cameras) 

Positron Ring 100 ( .45) 2=0.2 0.5 10 104 sec- 1 

I 
N 
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even at energies of 80 keV. For a 20 em cylinder imaged in transverse sec
tion only 20% of the positron annihilatinn events are not scattered; however, 
at 140 keV 40% of the photons are not scattered. 

In computed section tomography the rms statistical noise is larger than 
that which would be expected from the statistics of the average number of 
events per cell by a factor of 1.2 (number of resolution elements)~. This 
factor is about 10 for images of 64 x 64 without attenuation correction. At~ 
tenuation compensation increases the noise by another 30%. This is a 'Very 
small effect relative to the degradation of expected S/N due to the operation 
of transverse section reconstruction. The signal-to-noise varies across the 
computed image with more noise near the center than at the edge for both sin
gle photon and positron annihilation photon coincidence imaging in transverse 
section. The rms error due to attenuation compensation increases by a factor 
of 1.3 for both modes of imaging. 

Nevertheless even with limited statistics (106 events) where the ex
pected error is 37%, both single photon and positron ring systems can detect 
isolated holes 8 mm in diameter. 

The solid angle advantage of the positron ring is 100 for the conditions 
of this st~dy; thus taking other factors into account we find the positron . 
annihilation photon coincidence system has an advantage of 10 over multiple 
view imaging with the gamma camera. The gamma camera gives multiple sections 
but requires camera or patient rotation. 

Using the Anger camera as our single photon system we have performed 
emission computed transverse images of brain, 1 iver, kidneys and the gated 
heart of man [26]. The difficulties of these studies reside in the time to 
obtain adequate statistics and the need to rotate the camera or patient. 
These limitations should be overcome by the positron ring detector system 
of 280 crystals which compares favorably with the single photon system in 
terms of S/N and resolution. 
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