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Development and assessment of
real cardiac motion simulation phantom

Fumiko Kimura', Yun Shen?,
Munekuni Satoh®, Fumikazu Sakai
and Yuko Ono"

To evaluate cardiac images obtained by multi-slice CT,
assessments of the temporal resolution and reconstruction
algorithm are essential. For these purposes, we have designed
and developed a cardiac motion phantom. Using suitable
driver sequences, the phantom allowed for modeling of real
left ventricular motion, which was characterized by fast
pumping, slow pumping, fast filling and slow filling. Qur
phantom seems to be useful for use in the fundamental as-
sessments and researches of cardiac CT.
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JMBEZE Fhelical CTIZ & W #3248 mML,
Wik ClEEBIIRAIRILD A 2 7 1) >~ 7 iZhelical CTIZIA < H
WHNTWAY, BT 5.0EZEIRIET 5FE, helical CTD
W SRR R TRRERL 7V ) X AR IS R TR R A
fiTsZEIZEETHY, ZOFFHMICIZ OB H &
#3577 FAORBILETHSH. BEIZHOECTIC
BT Bartifact??, MRIIZ & .0HEFEY 7 E12 DWW TEHEID
720, BT ABEEO 7 7 v P ANEFREINRTVWS, Z
NED7 7~k Lldsine wavelRIZHIENT 5 b DAL A,
ar¥a—silEERCGHBIZEELC D EE S
TV, 4, F 413, driver componentTH b E A ¥
DEFELMBESHGRETAZEIZLY, NEZEOHEOD
B, 2) B0, ) FEROIEEATTEET, 3612
XiGaat & MR 7 7 v b AR REEN R LOTH
HT 5.

B &

1.7 7> b LD (Fig. 1)

77y FARUTOS I VERINTNS.
1)Driver component : #—HRE—F —I2&Y, ¥ ¥F—
WTER b ZEMEICERHSE, 77 PABFHEEL
X4%. 2)Control component . ¥ A b > OfLiE, #E, N
FEE HOEEE 7 & Ddriver sequence Z X ET H. EA Y
OB L EEZFNZFNI6GE )L S ES Z EHFTRETDH
%. 3)Support component . 7 7 v b AEFHETH Y, TV
¥ 45 X %fHH L7 4)Phantom component ; JKEEH D
TARER, K, EEALEOHE, ZREERENT
3. AFRALEF VG, TLAEOREINESES. 5)ECG
component . ¥A by DEEEE=F—L, 7THYE—FTA
7 FICHEh & v 7 AMIBE BG5S,
1) Driver sequence D% E

E# % Dvolume curve (Fig. 2)9 2 8% L, EEERK
BALHTR E VEER AR, BRMAN, SRR, %R
BRHA 7 7~ b ATHIE T 5 2 L 2 AAT.
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(modified from reference 2)

Fig. 2 LV volume change in a normal subject.

LV motion is characterized by four phases: a: fast pumping, b: slow pump-

ing, c: fast filling, and d: slow filling.

Fig. 2% Z%IZL T, EA M DB & #Fig. 30 & {12
RELZ. 9, 772 b AEOWIEE, IEEEO Y
A M DALEPO, P2%, BRHEEII60%IZ7%25 &9 I28BE

30

& Phantom Component

- Fig. 1 Phantom design.
A, B: Outside appearances of the
phantom.C: Diastolic and systolic
phases of the phantom component
with calcification models.

U7z (BRIERIEEE U 72 IR TR, R0
Al LTHE). 4RIIREERESHICT L
O, DORIAM & ARRTE AN OZETE SP1 & SukER
W RRRHADZEFE SP3% A —I12 L. Zhoom
PEHE & IEE/E S O (BB AN, RGHAM, &
PRERH, FRARER ) BRI X 1, HIB)EL60/minE
DER b > DHERFRE L7z (Table 1).

S5, MAEIC 2D ST, IGHEHORE 213k
BH—ETH Y, LEDEINT 5 & IR A
SNBHIETEEREL, HEE40~88/minE THE A
by DREZTable 1 DT & FEELT.

$72, SRIOFEBFTIIRETL TV iWwDdE, AR
YDAE—FEI16HENIZELTELZE2FIALT
AENREVERT 2 Z EDWRETH B (2L 21E, V14
8 LR, VS-8EEE 2 .LEICHT S).

2) CTHA =

7 7 v b ADOHBE RO (FILEE), 40, 56, 60,
64, 75, 88/sect L&Y, ¥NF AT L ACTIZTA
DANAE Y 2% T L7z, HHA#EMIZGE Light
Speed Qx/I (GE Medical Systems, Milwaukee, Wisconsin)
T, #EHRM130.8sec/1 [IHE, 4 X 1.25mmA T 1 A
B, ~UAVEyF30, FREYF01TH5.
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ume curve (Fig. 2) 12T 7245, B ED*
88LL & 2% &, HEDZEALIXsine wave
W& % -7 (Fig. 5).
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VA Fast filling
V1
Slow filling
a V2
H b
PO P1
ES P4 P3 ED
b
V4
Slow pumpin D
pUMEd Fast pumping
\/
Positions: P0-4, PO =P4 =0, P1 =P3 = 1300, P2 = 2000
Velocities: V1-4
Acceleration rate: a Deceleration rate: b

<72, A ES8/minbL LT, 77 ¥ |
L O Isine wavelk & 7 o 7235,
EESHIRREEIC AR 2 &, BBHKAWA
WL, sine wavelkOBIE 1252 & X
D77 b AIHIREEOB) & b L T
WwhEkER LRI,

FIZPFH RO GG T 5 D A
Tk, HEMAMIZLREIL, L%
I Bmm LIRS, IR 0SB T 1)

Fig. 3 Driver sequences

Y, 77 b ABREOERZEILA. 1 [E360°
2 13984views W FERET A 728, 1 viewd 72 D i3
0.8msec (0.8sec/984) & 7%V, +4 %KM MEELE 2
2. M, ZORMNEFBEEZSEOviewfETIT- 7272
o, BMETRERICEZ 572812, axial, scout[{£O ]
HZL Y77 2 b AHEEEPG (isocenter) IZIEREIZ AL T
WEZEEMRLL., iz, 77 FAOMIIEER, A
fWiEKTH Y, K&ZERDprojection dataD T K E <,
WEDBEROMMIIEG TH o7z, Db, 77 b4
O (W R OEE) IFHHERIC X ) BERICRD L 2 &
WHHETH - 72,

B =R

7 7 ¥ b LKW 2 Fig. 4IRT.
77 v AEFEOEE, HBETSLT T, EEDvol-

WBET 5 L RESTWAEY, bivbh
D77V PAETAE (77 FLE)D
TROO, WEAEEIhTBY,
HEIICHIEAY D Y, ORI H OB & EHHTET
Wi, F 7o, GEBRITAEERT D S BN oA B Mg
FEITL, ERIFITHECREE L D IZs0IcRELRBIZ %
KT, AEBIROFEMICIE, 77 > b AFRRICAKILET
NVEEVFIT 22T obhbho 7 7 » b LIERT5TH
5. INHORERIISEBIR L T RITRIER L6 2w
M TH 5. multi-slice CT % FIH L 72Ol o B
BEOERLEN, 0108 REEDEIE T S
NBEITRBE, CTICL VLG G173 54131
mTa&EEbhs. T/, ZOBIZIZZEHDLERZFHE
L CTHEI T 5720, ANERIZ—FOMEMSIZZ S & EDH
o, bhbho77 v bald, CTIZE SEBIRES (G
KAt AT ¥, wEilkpdEs &), Ok GOt
fit, ejection fractionZz &), AEENROFHESUZ G 2 5%
EORBMFHEICER L E R bR,

Table 1 Driver sequences and duration of systolic and diastolic phases in each motor cycle
Motion cycle V1 (rpm) V2 (rpm) V3 (rpm) V4 (rpm) Duration of Duration of
(/min) Systole (sec) Diastole (sec)
40 4500 1000 4500 4000 0.5 0.97
56 5750 1450 6000 5500 0.39 0.68
60 5750 1700 6000 5500 0.37 0.62
64 5750 2000 6000 5500 0.36 0.56
75 6000 2750 6500 6000 0.34 0.46
88 6000 5100 6500 6000 0.33 0.35

FRE 134125 H

(rpm: rotation per minute)
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Fig. 4 CT images of the water con-
taining phantom with the calcification
model (—)using segmentation recon-
struction.

A: Systolic phase B: Diastolic phase
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No. of channels No. of channels
200 200
cycle 60/min cycle 88/min
150 = —~ 150
. \ / \ / \ / ) /
A4 \/ /. \V4 \V4 \/ \/
50 1 1 1 L 1 1 | 50 1 1 L 1 1 1
1 984 1967 view number 1 984 1967 view number
0 0.8 1.6 2.4 sec 0 0.8 1.6 2.4 sec

Fig. 5 Volume curve of the phantom in various motor cycles
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