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Fig. 1 Generated models for factor analysis in dy-
namic study (FADS). Model 1: rectangular
mathematical model. Two factors are over-
lapped in the center. Model 2: Two mathe-
matically superposed phantoms of the same
shape (I and 1’). These two phantoms are
derived from the same phantom but have
different contraction phase. Model 3: Two
superposed phantoms of the different shape (I
and II). Model 4: Two-phantom model. One
of them has an asynergy (III) as indicated by
arrows.
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Fig. 2 Factor analysis in model 1. Two factors are
well separated by FADS. The third factor
could not be computed,
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Fig. 3(A) Two-factor analysis in model 2. Two factors were extracted when the factors
were not completely overlapped. However, as shown in the upper column,
two completely superposed factors of the same shape with different phase
could not be separated.

Table 1 EF values defined as (maximum —minimum)/maximum of extracted TACs
in two-factor analysis of model 2
| EF calculated from TAC
Distance between (' ): relative contribution (%)

two phantoms

(No. of pixels)

V-shaped Reverse-V-shaped

0.10 (44.0%)

0 0.14 (56.0%)

5 0.48 (56.3%) 0.69 (43.7%)
10 0.56 (55.1%) 0.74 (44.9%)
20 0.58 (54.6%,) 0.71 (45.4%)
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Amplitude

Phase B-359

Fig. 3(B) Phase analysis in model 2 positioned in 10 pixels apart. Phase image showed
that this model was consisted of two factors of different phase. However, as
indicated in the left image, the overlapped region showed low amplitude.
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% E % 23 % 10 5 (1986)
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Fig. 4

(A) Time-activity curve (TAC) of the model in which two phantoms are sepa-
rated. (B) TAC of the model 3 when they are almost completely overlapped.
Three regions of the interest (ROIs) were set over the pantom on the upper (1),
middle (2) and lower (3) portions of the models. The TACs showed almost flat
curves. However, FADS could extract two factors from this model.
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Fig. 5 Factor analysis in model 4. Asynergy was located in the lower part of right phan-
tom. (A) In two-factor analysis, the component of V-shaped TAC was also calcu-
lated in left phantom, and that of reverse-V-shaped TAC in the right phantom.
(B) In three-factor analysis, the region of asynergy was demonstrated in the second
factor. (C) Phase analysis showed delayed phase (arrows) in the right phantom
which corresponded to the factor 2 in column B,
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2-Factor
Analysis

3-Factor
Analysis

4-Factor
Analysis

% E ¥ 23 % 10 5 (1986)
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in this model, additional factors could be extracted.
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Fig. 7 Original 64 x 64-matrix images were compressed to 8x8, 1616 and 32x 32
matrix. Extracted factors were essentially the same except for the third factor.
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>> 2 Factor RAnalysis (used SO 8x 8 dixels)
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Fig. 8 Two-factor analysis was performed in gated blood-pool study in left anterior
oblique (upper), and right anterior oblique (lower) projections. In both images,
ventricular factor (factor 2) and atrial or background factor (factor 1) were

separated.
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23 % 10 5 (1986)

>> 3 Factor Analysis (used 64 32x32 dixels) <(

FACTOR 8 1

¢ &y

FRCTOR # 2

FACTOR # 3

Fig. 9 A patient with right bundle branch block in left anterior oblique projection.
Early ventricular contraction phase was indicated by the TAC of factor 1, and
delayed contraction was demonstrated in the right ventricular base as a third
factor. As illustrated in this case, the factor images do not always show the sepa-

ration of anatomy.
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Summary

Evaluation of Factor Analysis Using Cardiac Phantoms
and Mathematical Models

Kenichi NAKAJIMA*, Masato YAMADA**, Masamichi MATSUDAIRA**,
Hisashi BUNKO*, Norihisa ToNAMI*, Kinichi HISADA*,
Tomohiko SATO*** Minoru HosoBA*** and Hidenobu WANI***

*The Department of Nuclear Medicine, **The Division of Radioisotope Service,
Kanazawa University Hospital, Kanazawa
***Medical Systems Division, Shimadzu Corporation, Kyoto

Factor analysis for dynamic study (FADS) was
evaluated using cardiac phantoms and mathe-
matical models. Generated models were 1) rec-
tangular mathematical models, 2) two mathe-
matically superposed phantoms of the same shape
with different contraction phase, 3) two super-
posed phantoms of different shapes, and 4) two
phantoms with simulated asynergy. Two super-
posed phantoms were well separated by the
FADS. The time-activity curve (TAC) extracted
by the FADS had the shape characterizing its
theoretical component. The quantitation by the

TAC was affected by the degree of overlap and
the estimated number of factors. The physiologic
meaning of the factor was important in FADS,
and if some extracted factor was considered to
be meaningless, it should be excluded. The FADS
separated the superposed factors well and was
useful as a qualitative pattern-recognition method;
however, we must be careful about the quantifica-
tion of the extracted TAC.

Key words: Factor analysis, Dynamic study,
Gated blood-pool study, Phantom study.
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