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Recently there has been a keen interest in the
application of digital-computer techniques to scan-
ning (/—4). Although it has not been demonstrated
that there is a significant improvement in the diag-
nostic accuracy of computer-processed scans, com-
puter applications can be extremely useful in studies
where quantitative information is desired. These
studies might include CSF movement, uptake meas-
urement of isotopes relative to cerebral lesions, and
the function of organs such as the lung, liver, and
kidney (5). We have recently reported on the con-
struction of a system used at our institution for quan-
titative organ scanning using a small digital com-
puter (6). Early investigations of the response of
the Anger camera computer system disclosed gross
inequalities on quantitatively analyzed crystal floods.
These inequalities were considered large enough to
require computer correction. The purpose of this
report is to record our evaluation of a computer
program which was written to correct these inequali-
ties and the various parameters by which it may be
influenced.

MATERIALS AND METHODS

The system consists of a PDP-8/1 computer with
8K memory, an interface for digitizing and proc-
essing data from the camera, a teletype printer-
keyboard for input of computer commands, and a
high-speed printer for output data. Digital-to-analog
converters and an oscilloscope provide a visual dis-
play of the data image. The 10-in.-diam crystal of
the scintillation camera is currently represented as
a 50 X 50 matrix of 2,500 addresses located in the
memory of the computer with each matrix entry
corresponding to a detector area of 29 mm?2.

A software routine has been written to apply cor-
rection factors to all collected data. Correction fac-
tors are calculated from data collected when the
Pho/Gamma crystal is uniformly irradiated with a
suitable source of radioactivity. This procedure will
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be referred to throughout the text as crystal flooding.
The program calculates correction factors in the
following sequence.

After 3 million counts are collected and stored in
the computer during a crystal flood, the number
which is one less than the minimum count in any
matrix location representing the crystal is entered
into the computer by the teletype. A simple command
causes the count content of each matrix location to
be divided into this number, location by location.
The correction quotient so formed for each location
is thus always less than unity, thereby simplifying the
software. The computed correction matrix is stored
in the memory and is available for multiplication
with any subsequent data matrix. The Pho/Gamma
camera crystal floods were analyzed to study the
various parameters which might affect the correction
factor (K). Radiation sources used for flooding were a
3-mCi “point” source of 3"Co with a diameter of
0.5 cm and a sheet source with a total volume of 3.3
liter and a 14-in. diameter.

RESULTS

The data are presented by plotting the count profile
across the center row of the data matrix with the
counts normalized to the center point. The selection
of the center row of the data matrix is arbitrary.
Analysis of several floods revealed the mean count
in horizontal, vertical, and off center rows did not
vary by more than 0.1%. These plots will be referred
to throughout the text as slices.

Figure 1A shows a horizontal slice through the
center of an uncorrected scan which was made with
a point source of 57Co and no collimator. Figure 1B
shows the same slice after corrections with the com-
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FIG. 1. Count profile across center of
Anger camera crystal using ®™Tc sheet

074
§ o4
RANGE : HE6-1427

p 034 MEAN 1288
go.a- ST DEV. : 55

03 % DEV. : 4%

0.24

o

c v v v v v LA LA vy § 9§ ¥ \J \J \J A\ \J v v \J \J AJ v

O 2 4 6 8 10 12 14 16 18 20 22 24 26 26 30 32 34 36 38 40 42 44 46
8 MATRIX LOCATION (CHANNEL NUMBER)

puter program using previously stored correction
factors. As seen by these plots, the standard devia-
tion was reduced from 32 to 4%.

A comparison of the two methods of flooding was
made by generating correction factors with a sheet
source and then correcting with these factors, a
sheet source, and point-source crystal flood. Figure 2
is a plot of the center slice from each of the two
floods. In the center of the plots, the two do not
differ significantly. However, if the extreme ends are
included, the two differ by over 10%. This variation
is due to the edge effect of the uncollimated crystal
during point-source flooding.

When performing large organ scans, it is a fre-
quent practice to use both the straight-bore and
diverging collimator. For this reason it is necessary
to know if the two collimators produce the same cor-
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radiation source. A is uncorrected data.
B is corrected data.

rection factors. A flood made with the diverging
collimator was corrected with correction factors gen-
erated from a straight-bore flood. A center slice of
each is given in Fig. 3 which shows the reduction of
image size resulting from the use of the diverging
collimator. (Approximately four channels on each
end are lost.) The center portions of the slice, how-
ever, show similar results.

The effect of spectrometer window width on cor-
rected data was found by correcting floods made
with 10, 20, 25, and 35% window widths by cor-
rection factors resulting from a flood made with a
20% window. Figure 4 shows slices of the four
floods with the 35% window having a slightly higher
relative variation but not over 2% from the others.

Since the correction factors are calculated from
crystal flood data, an acceptable criterion for flood
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FIG. 2. Count profile across crystal
face of sheet and point-source flood cor-
rected by sheet-source data.

FIG. 3. Effect on count profile by cor-
recting diverging collimator flood with
straight-bore and diverging collimator
data.

FIG. 4. Count profile across center of
crystal floods made with various spec-
trometer window settings. Data corrected
with 20% window data.

Volume 12, Number 12

COUNTS PER CHANNEL (NORMALIZED)

SOURCES OF CAMERA IMAGE INEQUALITIES

e - SHEET SOURCE x SHEET SOURCE
o~ POINT SOURCE x SHEET SOURCE

CHANNEL (NORMALIZED)
2

2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46

MATRIX LOCATION (CHANNEL NUMBER)

® - DIVERGING COLLIMATOR x DIVERGING COLLIMATOR
© - DIVERGING COLLIMATOR x STRAIGHT BORE COLLIMATOR

0.99

2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48
MATRIX LOCATION (CHANNEL NUMBER)

e~ 10%
o=~ 25%
A- 30%
o - 3%%

x 20%
x 20%
x 20%
x 20%

»d

6 8 10 12 14 16 I8 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50
MATRIX LOCATION (CHANNEL NUMBER)

787



MORRISON, BRUNO, AND MAUDERLI

conditions should be established. For example, as
seen in Fig. 5, there is little or no change observed
between floods made with 400,000 and 1,100,000
cpm.
However, with counting rates of 2,000,000 cpm,
a reduction in the count of up to 50% is noted in
the centermost portion of the crystal.

" The stability of the correction factors with respect
to time is essential to determine the frequency of
flooding necessary in case of clinical applications.
Two floods were collected 2 hr apart and then re-
peated 48 hr later. A flood at 46 hr was used to

COUNTS PER CHANNEL
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generate correction factors, and all other floods were
corrected with them.

The three corrected floods are given in Fig. 6.
The similarity between the three floods is remarkable
and was reproducible on subsequent studies. A large
number of floods during a single day showed insig-
nificant differences except when a major component,
such as a photomultiplier tube, failed.

The fact that crystal response varies with energy
is well known, but energy effects on correction fac-
tors had not been investigated. Several floods were
stored using 31 and ?*®Tc in the sheet source and
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FIG. 5. Effect of different counting
rates on count profile across crystal face.

FIG. 6. Count profile across crystal
face of three computer-corrected floods
over 2-day period.
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137Cs as a point source. A 31 flood was corrected
with 1311 and ?™Tc correction factors. A graph of a
horizontal slice of each is shown in Fig. 7. The vari-
ations of each are readily apparent.

Response data from four point sources, placed on
the crystal face, were used to calculate resolution,
system drift, and the crystal area represented by one
matrix location. The sources were constructed by
casting a lead plug 6 mm in diameter around thin-
walled stainless steel tubing 3'2 in. long with an
outside diameter of 1 mm. These sources were in-
serted through the holes of the high-energy straight-

COUNTS PER CHANNEL (NORMALIZED)
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bore collimator. Each source contained 15-20 ul of
high-specific-activity ®®**Tc. An array of four of the
sources was placed directly on the crystal face, and
the distance between the sources were measured ac-
curately. A printout of the computer matrix response
to a single source is shown in Fig. 8A. Matrix re-
sponse data were analyzed on an IBM 360 Model 65
computer to obtain the location and magnitude of
the center point of the count distribution assuming
a Gaussian count distribution. The center point from
the response data of each source was determined
using the same method and from these data it was

- Mg, Wiy

° - lSII x ”nn

a-"cq 4 ”"Tc

0.59
0.41
0.34
0.2
0.1 9
/] v—r
FIG. 7. variation of count profile with 0 2 4
respect to radiation energy.
Bl o °7 °%n °on o1 °s
U] o °u °m °m °n °n
F5] on o1 om °m om °n
: @,eo-um Coater Peint
<
> 8] °n o1 o us ‘o om °n
214 oy on ° 72 1 LX) o5
B o3 °n °n ] °on °g
L 1 L U T L
20 il 2 ] .} 2%
A X-Axis of Matrix

FIG. 8. Computer-generated matrix showing crystal response
to point source of radiation (A). Plot of distribution obtained from
point-source data in A, using computed center point as maximum
count, is shown in B.
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FIG. 9. Inequalities produced by in-
terface in count profile before computer
correction of simulated flood. Maximum
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determined that one matrix location represented an
area of 5.4 X 5.4 mm on the crystal face.

Drift of the computed center points of the four-
source array was evaluated over several 6-hr periods.
The largest apparent drift observed was 1.8 mm or
less than one matrix location.

System resolution was also calculated from the
point-source response data using the computed cen-
ter point. The points around this center point were
plotted and the full width at half maximum graphi-
cally determined (Fig. 8B). Resolution was calcu-
lated to be 2.2 matrix locations or 11.9 mm.

The computer-camera interface was analyzed by
making a series of artificial floods. An operational
amplifier was used to generate a voltage ramp which
was connected to the x- or y-input of the analog-to-
digital converter. Z-pulses were obtained from a
variable digital clock. A large number of such arti-
ficial scans were made at various pulse rates. Cor-
rection factors from one ramp were used to correct
other scans and the data printed out. A slice from
a typical uncorrected and corrected ramp scan is
given in Fig. 9. The calculated deviations were 7%
for the uncorrected and 1.1% for the corrected ramp
scan. The time dependence on these figures was
negligible. The fluctuations appearing in the uncor-
rected scan are caused by the analog-to-digital con-
verter used in this particular interface.

DISCUSSION

The correction factors have proven to be quite
effective in reducing system errors. The correction
factors are sensitive to certain operating parameters,
but these errors can be reduced in most cases. Flood-
ing is best accomplished with a sheet source and col-
limator since this eliminates the edge effect. How-
ever, over most of the detector face, the point flood
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deviation of uncorrected data was 7% re-
duced to 1% by computer correction.

is equally useful. The correction factors obtained
with the straight-bore collimator are accurate when
used to correct scans taken with the diverging colli-
mator. The opposite is not true unless only the center
portion of the crystal is used. No significant varia-
tions were encountered at spectrometer window
widths around 20%. It would be advisable to obtain
different correction factors when using windows
which are more than 10% different.

The counting-rate measurements showed that
counting rates above 1,100,000 cpm produce irregu-
larities in the system response. For this reason, count-
ing rates are restricted to less than 1,000,000 cpm.

The study of system variations over a 2-day period
indicated that the system is quite stable with respect
to time. The results of many floods over a 1-day
period do not reveal the need for flooding during
periods of less than one day, but routine flooding
is reccommended on a daily basis. The effect of isotope
energy on correction factors was significant and
clearly suggests that correction factors must be ob-
tained for each radionuclide used. The scale factors
obtained were quite uniform showing point-to-point
variations of less than 6%. The time variations were
only 1.8 mm maximum which represents only about
one-third of a matrix location. The crystal resolution
was measured at four points on the crystal, and all
had a full width at half maximum of 1.2 cm. The
ramp scan studies indicate that most errors resulting
from the analog-to-digital conversion are removed
with the correction routine.

SUMMARY

Quantitative studies of the system response of an
Anger camera represented as a 50 X SO matrix
were carried out with a digital computer. Uniform
flooding resulted in variations in matrix elements of
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+32%. A simple program was written to correct
these inequalities. With the program the variation in
the matrix-element response to a uniform flood was
reduced to +4%. The dependence of these correc-
tion factors on time, isotope energy, spectrometer
window width, collimators, and counting rate was
investigated. The stability and resolution was also
specified as a function of the total system.

REFERENCES

1. BRowN DW: Digital computer analysis and display
of the radionuclide scan. J Nucl Med 7: 740-753, 1966
2. CHAAPEL DW, Sprau AC, Tauxe WN: Data acquisi-

SOURCES OF CAMERA IMAGE INEQUALITIES

tion for computer analysis and display of radionuclide scans.
Int J Appl Radiat 18: 723, 1967

3. BENuA RS, WEBER DA, KENNY PJ, et al: Digital
scanning compared with photoscanning in liver examina-
tion. J Nucl Med 9: 135-139, 1968

4. SMitH EM, GOLDBERG S: Magnetic tape storage and
digital CRT display system with replay and data manipula-
tion features for rectilinear scanners. J Nucl Med 10: 436,
1969

5. BROOKEMAN VA, WILLIAMS CM: Evaluation of *™Tc-
diethylenetriaminepentaacetic acid as a brain scanning agent.
J Nucl Med 11: 733-738, 1970

6. BRUNO FP, BROOKEMAN VA, WILLIAMS CM: A digital
computer acquisition display and analysis system for the
gamma camera. Radiology 96: 658-661, 1970

ACCEPTED ARTICLES
TO APPEAR IN UPCOMING ISSUES

Erythrocytic Production in Anemias. I. The Use of the Survival
Curve for Estimating Production in the Non-Steady State (Concise
Communication). Accepted 5/13/71.
L. Sanchez-Medal, A. Loria, and E. Juarez-Badillo
g}?’/r;)lid Hemagenesis or Thyroiditis? (Letter to the Editor). Accepted
Elliot Liff
Author’s Reply by Joseph A. Russotto

Estimation of the T« Binding Capacity of Serum TBG and TBPA by
a Single T« Load-Ion Exchange Resin Method: Comparison to Two
Unrelated Methods, Survey of the Population, and Abnormalities in
Various Diseases. Accepted 6/9/71.

Samuel Refetoff, Swen R. Hagen, and Herbert A. Selenkow
Rectilinear Transmission Scanning of Irregular Bones for Quantifica-
tion of Mineral Content. Accepted 6/15/71.

John M. Vogel and Jerome T. Anderson
Method for Reducing the Energy Dependence of the Resolution of
Focused Collimators. Accepted 7/8/71.

D. J. Wyper, F. C. Gillespie, and Irene Hall
Gallium-67 for Tumor Scanning. Accepted 7/10/71.

Heinz Langhammer
A Simplified Method for Determining Actual Organ Size from a
Gamma Camera Scintiphoto (Letter to the Editor). Accepted 7/10/71.

C. Arthur Myers
Radioisotopic Angiocardiography: Findings in Congenital Heart Dis-
ease. Accepted 7/16/71.

Joseph P, Kriss, Lee P. Enright, William G. Hayden, Lewis

Wexler, and Norman E. Shumway
Oxidation of DL-3-Phenylalanine-1-14C, DL-Leucine-1-1C, and D-Glu-
cose-1-14C-6-Phosphate to 1#CO: in Human Placenta. Accepted 7/27/71.

Ngo Tran, Marcel Laplante, Noel Brady, and Etienne Lebel
®@mTc-Penincillamine-Acetazolamide Complex, a New Renal Scanning
Agent. Accepted 7/29/71.

Halpern, M. Tubis. J. Endow, C. Walsh, J. Kunsa, and B.

Zwicker

S}:‘i‘n(7iphotos of the Pancreas: Analysis of 134 Studies.

1.’B. Hatchette, Stanton E. Shuler, and Paul J. Murison

Importance of Proper Bowel Cleansing Prior to 131 Whole-Body Scan
or Retention Study (Letter to the Editor). Accepted 8/4/71.
Gerald L. Schall and Robert Temple

g/e:h_;\letium Labeling of Albumin (Letter to the Editor). Accepted

/71,
William C. Eckelman and Powell Richards
Reply by Max S. Lin and H. S. Winchell

A “Kit” Method for the Preparation of a Technetium-Tin (II) Col-
loid and a Study of Its Properties (Concise Communication). Ac-
cepted 8/6/71.
Max S. Lin and H. Saul Winchell
Posterior Fossa Abnormalities Demonstrated by Cisternography. Ac-
cepted 8/13/71.
John C. Harbert and A. Everette James, Jr.
Comparison of Analytic Methods for Calculation of Cerebral Blood
Flow after Intracarotid Injection of Xenon-133. Accepted 8/13/71.
Arthur G. Waltz, Allen R, Wanek, Robert E. Anderson
The Non-Invasive Scintiphotographic Diagnosis of Left Atrial Myx-
oma. Accepted 8/27/71.
Barry L. Zaret, Peter J. Hurley, and Bertram Pitt
The Index of Resolution when Septal Pernetration Is Important (Con-
cise Communication). Accepted 8/30/71.
P. Spiegler
Dynamic Studies with Radioisotopes in Medicine (Book Review).
Accepted 9/9/71.
E. James Potchen
The Distribution of Gallium in Human Tissues after Intravenous Ad-
ministration. Accepted 9/10/71.
Bill Nelson, Raymond L. Hayes, C. Lowell Edwards, Ralph M.
Kniseley, and Gould A. Andrews

Accepted

Volume 12, Number 12

Tissue Distribution of 125[-Toluidine Blue in the Rat. Accepted 9/10/71.
Ellen G. Archer, E. James Potchen, R. Studer, and Barry Siegel

Uptake of Radioiodinated Human Chorionic Gonadotropic Hormone
by Ovarian Carcinoma. Accepted 9/10/71.
G. J. Mizejewski, W. H. Beierwaltes, and José Quinones

Positive #mSr Bone Scan in a Case of Hypertrophic Pulmonary Osteo-
arthropathy (Case Report). Accepted 9/10/71.
Tapan K. Chaudhuri, Tuhin K. Chaudhuri, Rolf L. Schapiro, and
James H. Christie

Ne%a/%i{e Defect in an Intracranial Teratoma (Case Report). Accepted

Francis X. Van Houten, B. Leonard Holman, and Salvadore Treves

Handling of Radioactive 1%Xenon Dissolved in Saline (Letter to the
Editor). Accepted 9/10/71.
Hussein Mahmoud Abdel-Dayem

A Simple Method of Checking Filters Used for Sterilization (Letter
to thle( Egitg;). ﬁ\ccepted 9/10/71.
. G. Leac

Partial Renal Infarct Simulating a Collecting System Tumor (Case
Report). Accepted 9/13/71.
Brian N. Meringoft

Simple Technique for Rapid Bolus Injection (Concise Communica-
tion). Accepted 9/13/71.
S. D. Lane, D. D. Patton, E. V. Staab, and R J. Baglan

Letter to the Editor. Accepted 9/13/71.
H. William Strauss, Neil D. Martin, and Harry Wells

Evaluation of ®mTc-DTPA for the Measurement of Glomerular Fil-

tration Rate. Accepted 9/16/71. :
Johannes F. Klopper, Wolfgang Hauser, Harold L. Atkins, Wil
liam C. Eckelman, and Powell Richards

Precautions in the Management of Patients Who Have Received
Therapeutic Amounts of Radionuclides (Book Review). Accepted
9/24/71.

Gerald J. Hine

%Sr Lung Scan in a Case of Pulmonary Ossification (Case Report).
Accepted 9/27/71.
Mohammed Moinuddin, Tandy Morris, Terry Cruthirds, and Ben
I. Friedman

Comparison of Accuracy between Initial and Delayed ®™Tc Pertech-
netate Brain Scans. Accepted 9/30/71.
Ruth G. Ramsey and James L. Quinn

Regional Cerebral Blood Flow Estimation in the Diagnosis of Cere-
brovascular Disease. Accepted 9/30/71.
David C. Moses, A. Everette James, H. William Strauss, and
Henry N. Wagner, Jr.

Effect of Craniotomy on the Brain Scan Related to Time Elapsed
after Surgery (Concise Communication). Accepted 9/30/71.
Peter J. Hurley

Comparison of Two Methods of Measuring the Thyroidal Uptake of
®wmTc (Concise Communication). Accepted 9/30/71.
E. Dh Williams, H. I. Glass, A. W. G. Goolden, and S. Satya-
vanic

Patent Foramen Ovale Demonstrated by Lung Scanning (Case Re-
port). Accepted 9/30/71.
Peter J. Hurley

Adverse Reactions to Radiopharmaceuticals (Letter to the Editor).
Accepted 9/30/71.
H. L. Atkins, W. Hauser, P. Richards, and J. Klopper

Red Cell Labeling and Washing in a Syringe by Means of a Shield for
Syringe Centrifugation (Concise Communication). Accepted 10/6/71.
lgjell Rootwelt and Ragnar Olsen

A Simple Method for Determining Labeling Efficiency of Technetium
Sulphur Colloid (Letter to the Editor). Accepted 10/6/71.
Charles L. Lewis and Roland Bramlet

791





