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Quantification of the Heterogeneity in Nuclear Medicine Images
Using Three-dimensional Fractal Analysis
Michinobu NAGAO

Matsuyama Medical Center for Adult Disease. Yanaimachi 2-85, Matsuyama-shi,
Ehime 791-0014. Japan
(Received October 20, 2001)

Abstract : We introduce three-dimensional fractal analysis (3D-FA) to quantify the spatial het-
erogeneity of radioisotope on nuclear medicine images. We delineated SPECT images using

four cut-off levels, (% of the maximal voxel radioactivity),and measured the total number of

voxels in the areas surrounded by the contours obtained with each cut-off level. We calculated

fractal dimensions from the relationship between the total number of voxels and the cut-off

levels transformed into natural logarithms. The fractal dimensions obtained from ventilation and

cerebral blood flow SPECT images were well correlated with the obstructive impairment in

pulmonary function tests and the cognitive impairment in neuropsychological tests. 3D-FA may

be an useful method for evaluating objectively the progression of emphysema and Alzheimer’

disease. 3D-FA is applicable for routine clinical use because it is simple and because the frac-

tal dimensions can be calculated easily without using special software.

Key words : fractal analysis, heterogeneity, nuclear medicine image

LI

Mk 25 0 B i 11 S D Z2 I W AN — A B D T
il J3E %2 e 25 4z TR D Bk g &
F OGN eI R % O D sy AT HE O Gl A
i fie 7 SPECTRPET 7 ¥ O E A Tk T4 ©
L ERIBH S TWwA, Lo L &ed s RS
{©12 B 5 A — Mo FFEiIE, @E22RTH TE

Bl 2 BUALEF 24T ) Itk EE o TV A, kA,

RO S 2 e w8 57777
VB A BRI IE I L, RN O A 1k
Z3UTCMCFET X B3RICT7 7 7 ¥ VT & I

S Lt AR R AT 2 R R AT 5 723K

iz_

ML CwaHEIRE

T T 7 Y VR O MR L R >~ FADIE

3RFTT T U 2 IVEEMN
BRITET T2 ¥ MENIE, 797 7 VRGO
®Box countingi:DIEHTH 5. & LI
D77y 5 NERICIE, BFE ufthﬁa:» Z 4 — gdF
FAZ a8 LIE B 204 ._MM ) FeDfii & 4L S
HRHBHILICLHTHINTES. b LbHDHHGE
HERFEIz oW Tk EER L L T,
M(e)=kx e’ (n
LI T AR 0E, FORIBRE77 7Y

[ FFY 0 (43 5 23 e s



10.54

0 y= -1.78x +14.86 r=0.99
2 10 fractal dimension; 1.78
g
5
@ 9.5
o
E
=
=
5 o
8-5 T T ) T 1
2.6 2.8 3 3.2 3.4 3.6
Ln (cut-off level)
Fig.1 Calculation of fractal dimension

Graph shows method of calculating fractal di-
mension. Abscissa represents cut-off levels
transformed into a natural logarithm, and ordi-
nate represents a natural logarithm of the
number of voxels in areas surrounded by con-
tours obtained with each cut-off level. The
slope of the linear regression equation corre-
sponds to fractal dimension.
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Fig.2 63-year-old man with pulmonary emphy-
sema. Axial images of Technegas ventilation
SPECT show heterogeneous distribution of
cold and hot spots throughout peripheral lung
field.
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Fig.3 52-year-old female with Alzheimer's dis-
ease. Three-dimensional surface rendering of
cerebral blood flow SPECT data with changing
cut-off levels. The cut-off level from the left
side is 35, 40, 45, and 50%. Multiple and ir-
regular perfusion defects, predominantly in the
temporal and parietal cortices, become larger
with increasing cut-off levels.
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Fig.4 Relationship between cut-off level and
number of voxels

Ln-In plot M (e)versus & shows large range of
cut-off levels(15-45% of maximal voxel radio-
activity with 5% increments)for a patient with
pulmonary emphysema. A curve is highly non-
linear, leading ambiguous determination of
fractal dimension. In contrast, data with small
range of 15-35% cut-off levels are highly lin-
ear. M=measure, g=scale.
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Wall Motion Analysis of the Left Ventricular from Gated SPECT
(Single Photon Emission Computed Tomography)

Using the Sequential Image Recognition
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Abstract : In recent years, the new SPECT data acquisition system equipped with three-head scinti-
cameras improves the image scanning time significantly and the quality of images is improved by
employing the new technetium-99m myocardial agents. QGS(Quantitative Gated SPECT)is the impor-
tant method as an algorithm of the dynamic analysis of the heart. However, it is impossible to esti-
mate the direction of the myocardium wall rotation. In order to solve this issue. we developed a new
optical flow algorithm expanded to four dimensions. The application of the algorithm to QGS images
accomplishes the tracing of 3-dimensional myocardium movement. The sufficient times of iteration in
the algorithm for getting the stable images, is as small as 10 times. Calculated three-dimensional
movement vectors of the myocardium wall were displayed with a Bull's eye displaying method. With
the combination of 4-dimensional optical flow algorithm and the Bull's eye displaying method, it
would be a powerful tool for showing myocardium wall motions in detail including its rotaion.

Key words : SPECT, myocardium, optical flow, wall motion image recognition
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Fig.2 Example of SPECT image

minimum uu minimum wv mimimum ww

& maximum uu +— maximum vv ®— maximum ww
-5.0 150

a5 . 3z
[ R T e . e e e 3 E
E g
-] &
S 3
©-100 100 x
1 ]
— B e B e =
Z >
Q °
-] ]
] L B S B B e B I T T O B R I B ) >
= E
g-150 50 3
- E
:
(=

- =
= U—r—ir—

-20.0 - 00

1 10 20 30 40 50 60 70 B8O 90 100

Number of repitation [time]

Fig.3 Relation with Number of repitation and
maximum value, minimum value, and, mean value
of moving vectors

300 0.0255

e
@
(=]

—8— Maximum Valocity
—8— Maan Valocity

0.0253

~
=]
=

0.0251

o
=}

0.0249

S
=

0.0247

Maximum Velocity [pixel/flame]

[
o

0.0245

00 —t—
1 mo21 3 41 5 61 T 81 91
Alpha [arbitrary unit]

0.0243

Fig.4 Relation with parameter of alpha, and mean
value of moving vectors

Vol.19 No.l (2002)

Mean Velocity [pixel/flame]

cifkd A2 &
2T, (10)XOREXTHWLHH /AT A —
Y & AT TR Bod®, #h#

7 PVOFHIIED L ) LipEr

LHowEeF A B

ok 7
il ‘T‘ BT bH.

¥ Cdh A {0
AL & A~
DdEEE L. FT,
W E DRI TR L7, EAfFT
LO—E TR En %12 51000 F TLEILEHT
fir & 41 f.'zHJ EX7 PLOERKMEEAMEE 77 7
(2L 7ok B 2 Fig.3is SRIED Y b
J’J"* ) B, X$h T 0] % e Yl T 10) % v 2200007 16 %
piliz. SOFITEY ket 1 B

FOHKIZIZL A

'z(f‘&'[”l Bin b % -

. 5%
ww fie KAt
{5 [l £ A35 Il & C 28U PR L

AL Zedo e,
¢ -,fb 4 SPECTIH {§ T, KA 0] £on 1 10[0]F 1 -
- DS S T o Ao, B [ B 1

el 3 A 78102, LR D A7 e

Wz, KFEDANT—%

FoCd b

- 1. Ak 7z L
u] WA |

g7

fEADYE L., 2 CTEE S (B 2 5 ] $n
100 & 2 A U R Bro & @i & X
7 bV EDORRIZOWTHE L7, RSN %
OB RCRIFE bR 10mz#%E L, &

L3 TH &~
L7z, /XY, Zll o~

7 MO KE S

AR Ea® 12 5100F T
PR o b (=
74 %0 5 i A
KAl & Piti% 7
1. 2Ok

CHi) &~

:} -/::f .:J:J
O EAHT R Bodr I KE{ L AI12D
X7 PO KRE SHRIAE,

(4 > i 1/}\

';'J‘_";i-_"i /:, TR A

[l

VR Eahs K &
AR O FEAEIAC AT

7 - » i3y A 4 Z-
Lo TN L_ /'J"‘.?)/'J':’-An, <

AEHZEH 2 B
=T, AW7E Tl R H:
.,J' t)l-{_ Lur] !HiHJ |:"‘f!J

fHH R or1.0& L7,

. ¢ 1
ke 1) S¢ ]
Wi a2 h

1= {liAs,
X2 -0 |2 M

2.3 Bul's EyefRiRICDWT
fha~7 FLEHEH
W, DoAY D B A
S 1 BRI CSPECTEEHE |12 &
{% 70 & I R 1% % FERERE L 72 #

/=SPEC l|ﬂ 1%
i ﬁF J’R
DiR(E s h7- i

H DT

3‘/_,(}) |J:.

s



Fig.5 Two dimensional polar map of Bull's Eye
(a) Original SPECT images
(b) The concept of Bull's eye
(c) The computed Bull's eye image
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Fig.7 Bull's Eye mapping showing moving vectors
compute from ECG gated SPECT images
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Fig.9 Bul's Eye mapping showing the left ven-
tricular wall motion of the regional largest veloci-
ties between R—R.
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Simulation Analysis of RF Pulse Aiming at SAR Reduction of MRI
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Abstract : We improve the waveform of the Radiofrequency (RF) pulse for the purpose of reducing
the Specific Absorption Rate (SAR) of MRI equipments. Two RF waveforms are examined: the
standard £27m sinc function multiplied by a double exponential function (sincDE), and the sincDE
multiplied by a correctional function (sincDEF). We simulate the RF excitations of magnetization re-
sulting from our RF pulses by solving the Bloch equation numerically, and evaluate the slice charac-
teristics and the phase diagram of the magnetization. The results for our RF pulses are comparable to
those for the standard =£2m sinc function. The areas (integrations with respect to time) of sincDE
and sincDEF are 65.8% and 87.0% that of the standard £2m sinc function, respectively. Both rectan-
gle ratios of the frequency characteristics of sincDE and sincDEF are 115.5% that of the standard =+
2r since function, which can be considered to be comparable to that of the standard £2m sinc func-
tion. It is thought that the reductions of the areas of RF pulses decrease SAR.

Key words : SAR, slice characteristics, phase diagram, RF pulse
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An Application of Automatic Classification Scheme for Mammograms
Based on the Assessment of Fibroglandular Breast Tissue Density

to Abnormal Cases
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Abstract : It is very important to assess fibroglandular breast tissue density to define the degree of
the risk that the lesions are obscured by normal breast tissue. We developed an automated classifica-
tion method, in which the mammograms were divided into three regions by both the variance histo-
gram analysis and discriminant analysis and were classified into four categories based on the ratios of
each of three regions. The classification results by the normal images showed the high agreement rate
between physicians and computer. In this study, we applied this scheme to abnormal cases. The as-
sessment of fibroglandular breast tissue density was not influenced by calcifications. As a result of
malignant images’ classification, the influence of existence of mass regions to classification results is
dependent on not only mass sizes but also these positions. Because the rate of different classifications
of right and left images in malignant massdatabase is larger than that in normal one.it may be possi-
ble to apply this scheme for potential indication of the detection of mass lesions.

Key words : mammogram, image analysis, automated classification, breast cancer, fibroglandular breast

tissue density
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HITACHI MEDICAL CORPORATION

RZETH?
EmDEE:--

BB -TE,

REAHSR-TH,

KL HORALTY,
BLENBVDOLERER OHDI LN D --

T e
a5
N sauanm

RBIATA

TI01 ST EEAME-1- 4RI ikRESIMT(03) 3292-8111 (1t %) @4L5:l (4L#R) 261-5651 @ ML (L&) 221-6311

ﬁ—ta*i —\"'x i ] OFH (K F)25-5815@ T H225-532 1 @A B (K E)643-1487@ W H3293- 1651 @ B2 EAEB3293- 1666 @ W 5 & (L)1)

n== _L T’r 28-0051 @Hk:5311-5601 @M E255-5271 @4LPE (& :R)62-3391 @ & & E571-9106@ AU (5 ¥) 256-3092 @ AR 312-8091
@#F241-8181 @ [E (/i #) 243-8816@ F9[E (M42) 51-4508@ AL (E) 713-5115@ A M (1R B) 23-5721

SIEMENS

it RN DOA—T> 54T MRI

Q@ 1—J—T7UtA . 7)-0232=4—- 3 FR
QLALATEH. T T2y bDFDTA A= VA HE
QO EAERICBRICAI#TE7)—7—TILEEIRE
@HEFENL TOE-3 AT (ICRE@H T
FybT 974 7=V HES D)L R @ L FE
(ChI- 2B — M ERORHT7 ) r—awin

MAGNETOM

.y_xyzhgxg'-‘,fj—-.ygﬁitg*i T141 RR A/ X EHRE3-20-14 Biw/N—787—

TEL.03-5423-8411




