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CHAF 2 HEH: Quasar™ Phantom2 AFR5H0] 22 SE4-E 15 BPM, 7.5 BPM2 2 ME5Iw S15 A&
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3l CTDIvol, DLP, ALARA-CTE 0|Z3lf 2A34Ct Pause & Resume S ME5t Datall OFE Mt K&
A m7IE Qs Advanced Workstation Volume Share72 AF2sH 2=l 0|0|X|Z Sorting 5l Eclipse™
0l T&510{ Phantom Lif 47 &0 M S o0 XISt HXS AU
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3} 3kx0] AptAo] WRsal 3t AAF BF o)7)R] B
gk ofe7kA] gE= Qs 21491 355 FAISHA] &
Stz 7497 AR E5] WA g g statel sk

-

d

ol
ol

013-%(Motion artifacts)o] EAYEIA H=t|| thiEz o
H2(Blurring), 5E-(Duplicate), F3(Overlapping),
(Incomplete)o] BTt o|gA 255 A2 4k
5}x) 248 (computer planning)ol] AH&3517] 93 B35
(Sorting)2+d A 2¢H4 glolg &2 2l8f CT o]u|X]
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Fig. 1. Motion artifacts (a) Blurring, (b) Duplicate, (c) Overlapping, (d) Incomplete
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1. M=

— CT Simulator(Discovery CT 590 RT, GE, Wauke—
sha, USA)

— Eclipse™(Treatment Planning System, Varian,
Palo Alto, USA, version 13.6)

— Quasar™ Respiratory Motion Phantom(pRESP,
Modus, Ontario, Canada)

— Real-Time Position Management System(RPM™,
Varian, Palo Alto, USA)

— Optically Simulated Luminescent Dosimeter(OS
LD,NanoDOT.LANDAUERInc, USA)

— Landauer InLight™(Microstar reader, LANDAU—
ER Inc,, USA)

— Advanced Workstation Volume Share7(AW4.7,
GE, USA)

— ALARA—-CT(Korea Disease Control and Preven—
tion Agency, KDCA, Republic of Korea)

Al
=

2.

2 A9 98] CT Simulator Discovery CT 590
RT(GE, USA)Q} AAZEAA 24 A (Real—time Posi—
A}-&-sf

0%

IO 0%
13

tion Management System, RPM™, Varian)<
Aot 2R} 52 A Yo Quasar™ Respira—
tory Motion Phantom(pRESP, Modus)& CT H|o]& 9]
of &efEal £ 15 Breath Per
Minute(BPM), 7.5 BPM2. & A7435}1L P&R A] Sorting®]|
Zagt F4 HolEEe] M 87 Sk ]E 3 cm,
3] 141 cm39] A& 4
(Moveable Lung Cylinder)& Al =2¢] EﬂO]H% 3
Sopaint #9202 178 WER 200 mA, Y 120
kvpE AAsIHoH, A4 —4 A FJY(field of view,
FOV)+= =
perior)80 mmOﬂ/\1 0}31 T(Inferior)loo mm, A3
A (Slice Thickness)2.5 mm, ZHE#] 3&A)7FHRota—
tion time)< 0.5 sec, Cine modeE A8t} AL &
& 489 71 (Base line)& Hlofd &2t 5%

s FAINE B 5

JN'

4D CToll A 25 Wste] vt GA] 4 3L A7) 22 -84 87}

2 ot 11712 Superior 15(¢]3} S15)2}aL 714810 HUA1
AFo] Phantom $-3 5% OSLDE H-2}5}0] $] 71719
A P&RE QIS E12] 5 oA 0] T3 Fedo] 1%
AgFoll mA= FFS A3kl Al 819t OSLD system
2 LandaurA}®] InLight™ microstar readers A5l
61, Detector+= Nano DOT dosimeterE AR5}
(Fig. 2).

)Gy ES

Quasar™ Phantom®] 8% 3545 7 15 BPM,
7.5 BPMO &2 Hhy =2 o HiA7F 9 Q= 6 Dot
marker& Phantom $Jol &% 5 RPM™ system >
B O5T71E EASKICHFig. 3). Y TFAUAl 4§
Aol Zgkel GAFS: AHsto] A8-317] 98l Cine time
between image+= Z} 0.2 sec, 0.4 sec Cine duration
£ 5 sec, 9 secE dlon ojuf AYAE H F I
O] == 7 16567, 158480 = HYH & e ==t
9] YA H]d(Phase Binning, ©]3} Bin)®] X0 & o
o]t} © Binolgt 24 #919 gt o] HA 25

715 @2 HolE 9] B2 Tt she] Bin HYo
U glolEo] o] Edt 3 v -] Bin #9o] o]

—

™ rﬂH

Fig. 3. Quasar™ Phantom and RPM™ system
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Fig. 4. Moveable Lung Cylinder with Steel Bead
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Fig.5. KDCA ALARA-CT Dose Calculation Program

1. 50 Phase Q@& 7+& S¢t XIE3 cm
A& X2 M FAHEESE

50 Phase 359414 P&RS A-83H 49 15 BPM
29&9] Hu)= 152 cm’, 75 BPMoAE 151 cm?& o
Bl P&RS AHBGHA] 932 Z9- 15 BPM 4]41&9] #
= 153 cm?, 7.5 BPMOA] 152 cm32 UERgt), 47
&9 A5 P&RE| AR ek Aol 3.1 cmE FY

SHA LR THTable 1,2).

2] 141 cm?

Table 1. Volume of steel bead(Unit: cm3)
15BPM | 15 BPM P&R | 7.5 BPM | 7.5 BPM P&R
50 Phase 15.3 15.2 15.2 15.1
Table 2. Diameter of steel bead(Unit: cm)
15BPM | 1I5BPM P&R | 7.5 BPM | 7.5 BPM P&R
50 Phase 3.1 3.1 3.1 3.1

2. CTDIvol, DLP, 7&M2F OSLD H|m&A
P&RE 34| 949kS uf 15 BPMO] &5F7]0)4 CTDI-
vol 88.5 mGy, DLP+= 1593.4 mGy—cm$it}. 7.5 BPM
550 F717F AAH shte] Bing &Yst=tl &
2 AIZFE 9 secE oy CTDIvol 96.3 mGy, DLP
+ 17345 mGy—cm= YT P&RE AHE-EH A4
HE QAR Qs &9 1to] UL 15 BPME] &
5371014 S80 ~ $22.5 F£7+e] CTDIvolS 87.8 mGy,
DLP:= 526.8 mGy—cm$loH P&R #HS AR 171

1A 37 0 A ) -84 W7

9] S20 ~ S2.59|4] CTDIvol 44.8 mGy, DLP+= 89.6
mGy-cm=E YEPHH, &5 A7 AIFFE & AR7H
4I5S ¢t S20 ~ 1975 77> CTDIvol 87.8 mGy,
DLP 1053.5 mGy—cm& YERer & DLPZES 1670
mGy—cm@ith, 7.5 BPMO] T&37]0l|A4] S80 ~ S22.5
7+9] CTDIvol 113.1 mGy, DLP+= 678.2 mGy—cm$.2
) P &R HHES ARRSE 17121 S20 ~ S2.59014] CTDIvol
2 64,9 mGy, DLP= 1299 mGy—cmzZ YEJT] 5
AW ARRE 2 A7) Q4 &5 3 S20 ~ 1975
712 CTDIvol 113.1 mGy, DLP 13574 mGy—cm=& YE}
Yo & DLPEE 2165.6 mGy—cm$tH(Table 3, Fig,
6). P&R W AME- Al 71 58 DLPEES 2127.3 mGy—
cm@AaL, P&R W& ARESHA] §Fal AjE S T W 7
2} wro DLPZRS 3186.8 mGy—cm, 7F =2 DLPZE
2 3496 mGy—cm= UelEItHFig. 7). 7.5 BPMO] &
7] Y A A=F HSS 180 S15(520 ~ S2.5)¢] $1A]e]l
FAE OSLD 54712 P&R AlY Al 49568 2(3H4F A]
1.6 mGy)7} 2350w, AAF Fua A7) glo] o4 &

gk 749 25097.1(&4F Al 0.8 mGy)= w%*u}(mg. 8).

DLP(Dose Length Product)

Unit : mGy-cm P&R : Pause & Resume

3463.0
3186.8

21658
i I 15934 1670.0
7.58PM 7.5BPMP&R 7.5BPMRescan  15BPM 15BPMP&R 15 BPM Re-scan

Fig. 6. Comparison of DLP(mGy—cm)

Repeat Scan / P&R (mGy-cm)

Fig. 7. Compare Repeat Scan and Pause & Resume

P&R : Pause and Resume
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OSLD Value at S15

P & R Position : $15 (520 ~ $2.5)

49568.2

250971

_

Pause & Resume (Non-Use) Pause & Resume (Use)

Fig. 8. OSLD Evaluation value at Pause and Resume
Position(Superior 15)

9] fa 7S ALARA-CT 2233 =3) DLPZHO]
2165.6 mGy—cm¥ W} 6.1 mSv, 3186.8 mGy—cm% ujf
9.1 mSv, 3496 mGy—cm¥ ] 9.9 mSvQIA LS = LERGE
thFig. 9).

-~

Not R AE

50 Phase 9/ %7FA3H= 15 BPM¥} 7.5 BPMOJA]
P&R HHE AHERE ol ARESHA] ¢otS w) S5
BE AA 9] Batgh 15,2 cm3H] + 0.5% oUWl 15 BPM
3} 7.5 BPM B P&RE] ARG 5ok TAIRLO] frAtehe
& = Ao 53] WA A9 S BE gkl 31

cmZ FUsH HYeRdth S4HE TS AA g2 A

Effective Dose (mSv)

Fig. 9. Effective Dose(mSv) of Repeat Scan and Pause &
Resume

P&R: Pause and Resume

artifact®] WS Faxslol7] 9I5k e=jo] Qg o=
A2t A B7F= 13] 9 A9} P&Re AHEREE U
83 AR ZQ)E FS A9 HEAFE CT-
Dlvol, DLP, -G-&A41%, OSLD#”}}(evaluation value)=
3 Hlal EAFct 15 BPMO] S&F7]014 P&R WU
© &2 Qg S15 #7HS20 ~ S2.5)°14] DLPS] Y& 571=
oIl & DLPEER> 13] S w) Kot 4.8% #3431 75
BPMO] &.5F7]00A 22.6%= 7F4 2514 DLPZFS] &=
77} vehstor OSLD 578452 1,974 S71ek 20 &2
Epsttt, o]g gt Avl= P&RS AHESH AALOA] Y-S
gotal A7k $17F S15(S20 ~ S2.5)00 gk S5 &
of o3t Ao & A}, SHARF P&R WS AHE-S}
P&R WS AFESHA] g Q23] S g wf et
= 7PER2DLPEE 33% AAFal 71 35> DLPgIE
T} 38% #aglon faildte 2|Agh thH] 32.1% 2tk
oiH] 37.6% 4t Ao = Uit 9199487 AR
Bl AR SO T g o[ E - A SHA R E Lol A P&R

o L

N

ofi
2 of

b2 Py =okz|u} o]= AL o Q_Z]0] [} ~ ~
I Sl SRR Oz 4D CT 822 BAUN S g s gate 999 sorting® shd) 241 glon
= B 5 = 5
o eSSt BHA A% AV AD OIS S8E 3 gaqge gaers A ur dee) grast Eak gt
o 00 Ei &5 © FHE
TR A Sol 255 RIS mESte Motion o2 e b 2 @t 94 A A 2
Table 3. CTDIvol of each scan range(Unit: mGy)
S15(S20 ~ S2.5) S80 ~ 197.5
S80 ~ S22.5 PSR S20 ~197.5 (Non-Use P&R)
15 BPM - - - 88.5
7.5 BPM - - - 96.3
15 BPM P&R 87.8 448 87.8 -
7.5 BPM P&R 113.1 64.9 113.1 -

52



34 9] 791 T4 4D CTO)A] 55 W3}l st

o

Base line= Y43t 350 & A 4= Qli= SAb=ol &
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o] LAYsto] Pauses FTtil 3% Base lines Hlofut
£ 35S A&t 71 0}741 AERFE alfof gt &

gF A 571 A 2E1e] 7)o A AR1 A S50 71
soto] WS ARE8l AIHE =&AL OSLD S04

P&R 7t S15(S20 ~ S2.5) F1to] sfiARt A5 %13

I

Frk= Algho] 9lo] =5 AtolA BE H19] 4D CT
SAS SIe e i) B sk Ao AlEEh 48
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Evaluation of the usefulness of the method according to
changes in patient breathing during chest 4D CT imaging

Department of Radiation Oncology, Asan Medical Center, Seoul, Korea

Heo Sol, Shin Chung Hun, Jeong Hyun Sook, Yoo Soon Mi, Kim Jeong Mi,
Yun In Ha, Hong Seung Mo, Back Geum Mun

Purpose : In order to evaluate the usefulness of clinical application of the Pause & Resume methods by compar-
ing and analyzing the data stability and dose reduction effect when repeat scan assuming irregular breathing
and using the Pause & Resume method during chest 4D CT using Quasar™ Phantom.

Materials and Methods : Using the Quasar™ Phantom, set the breathing rate per minute to 15 BPM and 7.5
BPM, and set the S15 point as an irregular breathing section, and then placed OSLD to this point and use the
Pause & Resume method to measure the dose of S15. CTDIvol, DLP, and ALARA-CT were used for comparative
analysis of radiation dose between Pause & Resume method and Repeat-scan. In order to evaluate the stability
and usability of the data applying the Pause & Resume method, the captured images were sorted by Advanced
Workstation Volume Share7 and then sent to Eclipse™, the diameter and volume were analyzed by forming a
contour on the iron ball in the Quasar™ Phantom

Results : When using Pause & Resume, the dose of OSLD measurement increased by 1.97 times in the section
of S15. As a result of image evaluation, the average value of all volumes measured with and without the Pause
& Resume method at 15 BPM and 7.5 BPM was 15.2 cm3+0.5%.Allthemeasuredvaluesfor the radius of iron ball
were 3.1 cm regardless of whether Pause & Resume method was used or not. In the case of using Pause &
Resume, 33% decreased from the lowest DLP value and 38% decreased from the highest DLP value of repeat
scan, and the effective dose also decreased 32.1% from the minimum value and 37.6% from the maximum value.

Conclusion: [rradiation dose was increased by Pause & Resume method because of the repeat scan on the S15
site where assuming irregular breathing occurred, However Pause & Resume method led to a significant reduc-
tion in dose on overall scan range. It also proved the usefulness of clinical application of the Pause & Resume
method as a result of similar diameters and volumes of iron ball measurement.

» Key words : Quasar™ Phantom, DLP, Pause & Resume, OSLD, S15, 4D CT
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