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Fig. 1 Block diagram of the gamma camera-computer system.
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Fig. 2 Schematic representation of various parameters, obtained from the curve approxi-
mated by the use of Fourier series of gated blood-pool data, being suitable for
evaluating ventricular systolic and diastolic performances. [f1 (t) is the time-activity
curve fitted with the first Fourier component, f3 (t) the time-activity curve fitted
with the harmonic components up to the 3rd frequency, dfs (t)/dt the differential
curve of f3(t), P1,A1 the phase angle and amplitude of the first Fourier component
respectively, Ps, A3 the phase angle and amplitude obtained from the curve fitted
with the harmonic components up to the 3rd frequency respectively, MDVS=
max. | dfs (t)/dt |, MDVD=max. dfs (t)dt, T: the time from end-diastole to
MDVS, T: the time from end-systole to MDVD, EF the ejection fraction, EDC=
counts at end-diastole, ESC =counts at end-systole.]
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cjcjcjcy|c
C|B|B|B]C
C|IB|A|B]|C
C[BfB|B]|C
cjcycyjcyc
Weight Filter

A B C Factor

1 0.1256 —— 3.6

1 0.250 —— 6.0

1 0.250 0.0625] 10.2

1 0.500 0.1250] 15.1

1 0.500 0.25001 20.3

Fig. 3 Various configurations for the combining ele-
ments of the matrix for the map smoothing and
corresponding filter factors.

C:no smooth.
(400 beats.)

Fig. 4
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769

Relationship between filter factors in map
smoothing and distributions of phase angle
(Py) in the region of the LV in various num-
bers of beats for data-aquisition. The values
of standard deviation are the mean of 5 normal
subjects.

D:F.F.=10.2
(400 beats.)

Fig. 5 Comparison on the qualities of P1 functional images, obtained from 100(A) and
600 beat-aquisition data (B) without map smoothing, and those from 400 beat-
acquisition data with map smoothing (D) (filter factor=10.2) and without map
smoothing (C).
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Curve fitting for a global LV time-activity data
f(t) in normal case using terms up to various
frequencies in the Fourier series of f(t). It
appears that the curves C and D approximated
by the using the terms up to the 3rd and the 4th
frequency are sufficiently well fitted to the
original data. The intraclass correlation co-
efficients (R) represent closeness of fit between
the original and calculated points from each
of the curves.

19 & 5 5 (1982)
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Fig. 7 Curve fitting for a regional time-activity data

f(t) at one pixel in the LV region, using terms
up to various frequencies in the Fourier series
of f(t), in same case as Fig. 6. The curve C ap-
proximated by using the terms up to the 3rd
frequency-shows sufficiently the characteris-
tics of the global LV time-activity data f(t) in
Fig. 6, however, the curve D approximated by
using the terms up to the 4th frequency in its
Fourier series deviates from these intrinsic
characteristics of the global LV time-activity
data, and shows excessive undulation due to
statistical fluctuation.
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MIV'S

o
&
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Fig. 8 An example of cardiac functional images for a normal subject, using 8 parameters
[P1, P(f3), A(fs), MDVS, MDVD, Ti, Tz and Regional EF]. For detail, see the
text.

Fig. 9 Cardiac functional images in a patient with hypertrophic obstructive cardio-
myopathy using 8 parameters. Compared with Fig. 8, several remarkable distinc-
tions can be seen. For detail, see the text.
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Activity
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Fig. 10 An example of temporal curve smoothing for
the regional time-activity data at one pixel in
the LV region. Poor statistics in the regional
time-activity data produces a distorted curve
with no meaningful information on the re-
gional ventricular systolic and diastolic per-
formances.
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0.8914 (JEAJE D #), 0.9951 (5 2 RIF % T),
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b) ZEHEZ LD T-AF—% 05

Fig. 7. i1 Fig. 6 & [fl— @ IEHH » ELEIEHE
WD H 2 1HFZED T-A F—Ziz oW T 7—Y
TEMAL, EARAEESIUOCERAKEE 2 A
TIERI L e BT — 7 L2 EREDLETRL
7ebnThHD. FE2WK (Fig. 7B) B X U5 3 kA
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3. i functional image 451

tkiz, LAEOIREOREHRER X D 137 fol
20T CYERK L 720 functional image % Fig. 8
B LU Fig. 9 2hliR¥ 5.

Fig. 8 1% 26 O LMD IEFEFITH 5. P1 B X
¢ P(f3) functional image iz W Fh bifAfR s h
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Table 1 Accuracy on the curve fitting for global

LV time-activity data using terms up to
various frequencies in its Fourier sereies.

Correlation Coefficients

Frequency
Mean Range
Fundamental 0.9517 0.8914—0.9830
2nd 0.9952 0.9885—0.9987
3rd 0.9981 0.9964—0.9992
4th 0.9990 0.9980—0.9999
Sth 0.9994 0.9989—0.9999

**¥ 10 cases ***
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Summary

A New Cardiac Functional Imaging by Application of Fourier Analysis
to Gated Blood-pool Study. A Basic Investigation

Hisato MAEDA*, Kan TAKEDA*, Tsuyoshi NAKAGAWA*, Nobuo YAMAGUCHI¥,
5 y
Mitsuo TaGcucHr* and Tokuji KoNisHI**

* Department of Radiology
**First Department of Internal Medicine, Mie University School of Medicine

A new cardiac functional imaging was developed,
using not only the fundamental but also the
higher harmonic components of regional time-
activity curves. After blood-pool equilibration of
15-20 mCi Tc-99m red blood cells, labeled in
vivo, 28-frame gated images in 64X 64 matrix
form were acquiered with the GCA-401-5 gamma
camera in the modified left anterior oblique
projection and stored in the GMS-90 computer
system. A time-activity curve of each pixel was
approximated by the sum for terms up to the
3rd frequency of its Fourier series. To evaluate the
ventricular systolic and diastolic performances,
nine parameters were analyzed from thus fitted
curve and displayed on a colour CRT in a 64 x 64
matrix form.

Considering difficulties of patients due to
prolonged examination time and accidental errors
due to statistical fluctuation, 400 beat-acquisition
of data and map smoothing for the data with a
filter factor of 10.2 were thought to be most

preferable. On the basis of these data prepara-
tions, temporal Fourier analysis was applied to
the processing. The synthesis of the regional
time-activity curve with the harmonic components
up to the 3rd frequency was considered to be most
reasonable because of the least aberration due to
statistical fluctuation and close agreement between
the global original LV time-activity data and the
regional fitted curves for the normal subjects. In
patients with cardiomyopathy, the detailed in-
formations on the regional ventricular systolic
and diastolic performances could be detected by
this new functional imaging of the heart, which
were unable to obtain from the images using the
fundamental harmonic only.

We conclude that the new imaging method is
superior for assessing the regional cardiac per-
formances.

Key words: Functional imaging, Gated blood
pool study, Fourier analysis, Data processing.
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