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The digital computer may become a-valuable aid
in improving the interpretation of radioisotope dis-
tribution patterns (scans). A number of investiga-
tors have used the computer to enhance certain
features of the radioisotope distribution pattern
(I-11). These enhanced images are then interpreted
by the physician. A computer program has been
developed that accepts a digitized radioisotope dis-
tribution pattern and, rather than producing a modi-
fied or enhanced image, provides a direct interpre-
tation. The initial program that is described in detail
elsewhere (12) has been developed for distribution
patterns of the thyroid gland and has been designed
to classify the images as either normal or abnormal.

METHOD

When a radioisotope distribution pattern is dig-
itized for computer classification, it is then an array
of several hundred numbers. Theoretically the pat-
tern could be subjected to analysis while in that form.
From the practical standpoint it is desirable to have
the pattern represented by only a small set of num-
bers. These numbers, however, must reflect all of
the possible organ abnormalities (distortion, nodules,
etc.) if the interpretation system is to be sufficiently
sensitive. The significant aspect of the work described
here is the reduction of a digitized pattern of the thy-
roid gland to 18 numerical parameters which can be
used for computer classification of the pattern.

The distribution of radioactivity along various
axes passing through the thyroid gland creates “pro-
files” of the gland which can reflect abnormalities
in size and shape of the organ. The profiles are com-
puted directly from the digitized scan data by sum-
ming the total number of counts recorded at each
point along a selected axis. It has been found that
six profiles are sufficient to describe the gland for
the method of analysis to be used here. These are the
profiles of :

618

and Clemson University, Clemson, South Carolina

the total gland in the sagittal plane
the total gland in the horizontal plane
the right lobe in the sagittal plane

the right lobe in the horizontal plane
the left lobe in the sagittal plane

the left lobe in the horizontal plane.

The general size and shape of each profile is quan-
titated in the following manner. The second, third
and fourth moments (m,, m; and m,) about axes
passing through the “center of activity” of each
profile are given, respectively, by

m; = m,(0) — m,(0)2
m; = m;(0) — 3m,(0)m.(0) + 2m,(0)2
m, = m,(0) — 4m,(0)m;(0)

+ 6m,(0)?m,(0) — 3m,(0)*
where m;(0) is the rth moment about the origin of
the profile coordinate system.

The second moment (m,) about the center of ac-
tivity can be shown to be the average of the squares
of the spread of the activity about the center of the
profile and can therefore be used to quantitate the
general dispersion or size of each profile.

The extent of departure from symmetry, or skew-
ness, of each profile is given by

VBi(B: +3)
2(58: — 68, —9)

QL=

Sk =

where

B = m,%/m,®
and

B: = m,/m,2.

A third characteristic, the kurtosis, expresses the
tendency of the profile to either concentrate around
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FIG. 1. six radioisotope distribution patterns showing range
that was classified as normal by both physician and computer.

the center or spread out toward the edges. The
kurtosis can be expressed in terms of moments by

my
m2

2

Ku = — 3.

The three characteristics—dispersion, skewness
and kurtosis—of each of the six profiles give 18
numerical parameters which are sensitive to patho-
logical conditions which are reflected in the radio-
isotope distribution pattern.

A group of normal patterns has been used to es-
tablish a range for the 18 characteristics used to
describe these images.

The computer evaluates a particular distribution
pattern by determining if all of the 18 describing
characteristics are within the normal range.

RESULTS

Sixty radioisotope distribution patterns of the
thyroid gland have been analyzed by this computer
program. Twenty-one of these patterns were classi-
fied as normal by the physician. Of these 21 pat-
terns, the computer classified 20 as normal and one
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as abnormal. The range of these normals is illus-
trated by the six patterns in Fig. 1 which are taken
from this group. The remaining 39 were found by
the physician to indicate several pathological con-
ditions and to be abnormal. The computer classified
37 of these as abnormal and two as normal. Six typi-
cal patterns selected from this group are shown in
Fig. 2. A review of the two cases which the com-
puter erroneously classified as normal revealed that
the physician’s report had indicated only a “possible”
abnormality. In summary, the computer’s interpre-
tation as to normal or not normal agreed with the
physician in 57 out of the 60 cases studied.

DISCUSSION

While it is not anticipated that the digital com-
puter will replace the physician in the interpretation
of radioisotope distribution patterns, it is significant
that a pattern can be quantitated and classified by
modern data-processing equipment. The quantitative
method of the computer should supplement the
essentially subjective approach of the physician to
image interpretation.
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FIG. 2. six radioisotope distribution patterns that were clas-
sified as abnormal by computer and physician.

619



SPRAWLS

ACKNOWLEDGMENTS

The author gratefully acknowledges the assistance of
L. C. Wilcox, Clemson University, Alvin Moses and Richard
S. Colvin of the Department of Radiology, Emory Uni-
versity, and the staff of the Emory Biomedical Data Proc-
essing and Analysis Center.

This work was supported at Emory University in part
by PHS Training Grant No. GM-1538 from NIGMS and
a National Science Foundation Science Faculty Fellowship
at Clemson University.

REFERENCES

1. BRowWN, D. W.: Digital computer analysis and dis-
play of the radioisotope scan. J. Nucl. Med. 5:802, 1964.

2. BRowN, D. W.: Digital computer analysis and dis-
play of the radionuclide scan. J. Nucl. Med. 7:740, 1966.

3. Tauxe, W. N., CHAAPEL, D. W. AND SpPrau, A. C.:
Contrast enhancement of scanning procedures by high-speed
digital computer. J. Nucl. Med. 7:647, 1966.

4. Tauxe, W. N.: 100-level smoothed scintiscans proc-

essed and produced by a digital computer. J. Nucl. Med.
9:58, 1968.

5. Levy, L. M.: Some clinical aspects of computer-
processed scintiscans. J. Nucl. Med. 8:388, 1967.

6. MACINTYRE, W. J., CHRISTIE, J. H. AND CuRTIS, G. S.:
Computer representation of three dimensional radioisotope
scanning data. J. Nucl. Med. 8:288, 1967.

7. GROOME, D. S., et al: Recent developments in digital
computer analysis of the radionuclide scan. J. Nucl. Med.
8:290, 1967.

8. WEBER, D. A., KENNY, P. AND POCHACZEVsSKY, R.:
Liver scans with digital readout. J. Nucl. Med. 6:528, 1965.

9. KawiN, B., HustoN, F. V. anp CoPE, C. B.: Digital
processing display system for radioisotope scanning. J.
Nucl. Med. 5:500, 1964.

10. Sprau, A. C., TAUXE, W. N. AND CHAAPEL, D. W.:
Computerized radioisotope-scan-data filter based on system
response to point source. Mayo Clin. Proc. 41:585, 1966.

11. Nagal, T., INUMA, T. A. AND Kopa, S.: Computer-
focusing for area scans. J. Nucl. Med. 9:507, 1968.

12. SPrawLs, P.: The development and analysis of a
computer method for the interpretation of radioisotope dis-
tribution patterns. Ph.D. dissertation, Clemson University,
1968. University Microfilms, Inc., Ann Arbor, Mich.

July 6-12, 1970

Abstract format:

Title of Exhibit: 10 words maximum.
Abstract: 200 words.

Scientific Exhibit Awards.

Abstract deadline:

THE SOCIETY OF NUCLEAR MEDICINE
17th ANNUAL MEETING

Sheraton-Park Hotel
FIRST CALL FOR SCIENTIFIC EXHIBITS

The Scientific Exhibits Committee announces that abstracts of exhibits are now being reviewed
for the 17th Annual Meeting. Abstracts of exhibits, large or small, are welcomed from members, non-
members and organizations. Exhibits supporting scientific papers to be presented are encouraged.

Exhibitor's Name: Underline responsible exhibitor.

Dimensions: Specify front footage. A sketch drawing is optional.

The Society is pleased to announce the presentation of 1st, 2nd
and 3rd place awards for the three most outstanding scientific exhibits. These are judged on the
basis of scientific merit, originality, display format and appearance.

Send abstracts on or before March 15, 1969 to:

Washington, D.C.

Michael Hayes, M.D.

UCLA School of Medicine
Harbor General Hospital Campus
1000 Carson St.

Torrance, Calif. 90509

J

620

JOURNAL OF NUCLEAR MEDICINE





