CHet2bALE BREEEI T 20072501154 761

CT &4

0
&
pre
|'>-
02
0z
Mjo
pe
00
ro
Pl
o
kH
Pl
A
]
e
k
o
an
|
1=

A 2 o7 M2 MY #Ate YAk A7 A BE 2| "HEkeh 258 &22] Rld EAlnarken S &Y et
A7 UMM ZAE A EFet CT Yokt if 22 A 2EE HaE=l{on-hoard imager, OBIEFE =S Jw
KV XM H&E 0l&5I EXE| /=& Attstl AS2E SHEE TUst A AY e H-EER dt=

HHE JfEsts Holch

H& 3 W Al 7Hel 8 BAIS &AF MWel 215 2= deler £ CT 28lxE218 ol&stod 2 mm S2hol

& tHESE CT "-éi'é,"% HSatien of Rz Fof &A AY EE-E 25t OBIE ol &5k Fuld= kW xM
= At FE& 2lsto] shgle] 2EEL AME|, T

SHICH 2 BEXE A8 HEASE HZEe
Z

MozRE 247 2HEM BHEE ot ¥

Jl
an
ol
%
_,l'_'
[
_|

yg
-
=
-
re
0g
0=
=
=]
ﬁ
g T
H
%g
w b
FOH

o
o
H
[
o
m-[ﬂ.
ok
N
ro
1>
0|r|
inl
4>
0
0g
i
Enl
o
ne
kl
E
an
|u|0
_|>|
Ulﬂﬂ

BoSt o0l A1T OT HA 2 ATk i

UE

e oo [= =]

Fo|& EFsfot Q&'E’QE SxE AHstact ¢iel52 H8dfohusiness) BAHE flal HE S ol E5H04 A&
B OT & kv ¥ dike| RAISH0 A ZHE 2=t d=lst=x {7 & =els dE 1, =Rl A “U\W =3
£ Mdieh U "ol MWy Al ez =2 2 2k 35 WA 3ode| kv XM gael tiste 2nel52
HEzh = OB ZRO™UM AMIS == 2727 5 2ot o|ushnt

A p ohE MY Zat AR A CT Wi 2 AL kv xd dae 8 AdE 7AH S 2E A0l 1 mm 235
WellA 2=gs 2eld 5 AACE &AL daboll HEet FFo ZE Y40l tist 483822 7} ’III"I =
£ At 7 ARLH 2xR-2A HE 7SS ol &St Al AY 2xtetelusi= 2o mm HR el
o

I~Ee ST $ UKUCE B LRSS 08510 Httet O MY Sxfs MR(AP) WSO R AKX E ZHH|
A127 mmoll A 2 A= 18166 mmPHxl, AsHsh gekez 08116 mmellAM 20127 mm, ZHFilay deez
—091T15 mmellAd 28130 mmPbx S 204 gEAbel mRb O ®Ake| xfolzb @igich

2 E: Mo LRSS 0lB501 18] MY X8 HIISHE o 4RSI (0% 0|ORM Y4 HE A
SR MY MZE FO|D TEME B e o £80| B £ S MO J|HhECH Dokt B2lel SR MY B
B MAHO MEs| ASME ME7ISTI9 Mo MAel S3tEs o Westch

HD

ARO[ KV XM WA 2-HC ozl BA MEM U

Al ) ARTE FobAR STk Zeu AYAHLY AR

ME = AdEe 2 7HA oy o] HuET BA BH 49

Bagoltt WYL YY Ay F94HFT YA H(gross tumor

AT FHAAE APy S0 $7F F33] S7FetE volume, GTV)) ZAs] ofF7] W] dybfoz = A
slem? o)d] wt BANAEY Hged Y FAE o HYdE YA EAA Hclinical targel volume, CTV) 22 4
A "ok =3 AAE B84 (compuierized tomaography,

o]

o] =E2 20069 124 138 Heated 2007 39 6Y AEEYS

2 a%n LA HA mudzaisle AgRisdsnagey O SYULRE ALY BALS FESIVE 197
Adol g5 FRHRE W&o =7 EH < AHmagnetic resonance image, MRI) 5}
AYAR: AN, 5L QBT o Fy 2 RTY So olasel SRS 1o A @
Tel 02580- 2414, Fax: (2)532- 1779 S R 1_13] CREUE s
E-mail: sLhsarta@catholic.ac ke oE A= &7 Aol o Frte Holth BAMIRIE A)

_54_



ArA o 2= Fxpo] R FH H 3% A](marker)S
ol &3l AL A Hed RHoz A @
ot ol ehe AP At mE 9 Me) &
Zolng AAZ= AFAE Al X9 tE vHEAgol
=t ol 4 & o]&etd] BHES FIY Hrde FY
SHA BA s Aot H PR o|e)d BIAAS H
As}7) Ysle] Al 823 2 A A(planning  target volume, PTV)
Al AR $AYE 2T XFE £ S v
7§3H—|1—°1°]: = oz g dHa
o] Sol7bAl Hol FHZF

Rl O{N'

A= HFALA R B (image-guided radiation therapy,
IGRT) 7|&9 WAz 2o T49 9% =4o] y}538}
Al =] PTV AR Al oS Zoldfe ALV AGE1
Qout? ggonre AP UFd Fn FFo] o
g u A= Al 249 AAE AEstA LVle AAE] o
At} o] 73t o]-f-2 o] AXE F FA(gold seed markers)
g A4 R Adeel dPae JAAE gudes
st ol& o] &3t A E Atste W ol o] &x o]
o ndAo e A AE Al AN FE(portal
fllm) % i geoRHE 1A 9] J}ii ﬁ**o}ﬁ

O 2+ Acculoc & ISOLOC /\]*E‘J(NMPE USA)S &

Atk T BARY A5 o] EE 1A XHdow

#99 Gl 50 £ ol el 2] o0
2 QA3 AAE At &7 o YAk v g0l ol

P EAY] YA = AREAZE RS Folof gt o] A

_|\I

Pt

HES 9 5ol s BAl X5 2028 N

fon

ol A A&l whet FA] 1A Ao gebd Vs AdE o
Esieh

A2t Gyo] £52 kY XY FYRA)
AAE7I71¢F A= e FAT LRE F4A
(on-board imager, OBI, Varian Medical Systems, USA)%
IGRTE #3l X8 7]7|24 OBl & R IYA= 23}

oF
N
bl

22349 B, 3L BF, BA 2F 59 /58
AFdn gk a8d AR ARHE B4 2F 5

CT FolA setolenttt 24249 29 HAE AR
7F Lol AR Fofof %}Dﬂ olg 7uto 2 slof g

= kv X4 ‘MJH MR Ea A oAE A

EA Al ‘44?5} =g *éo] AZA Atk 7E Fde
o] &Y= T AEs T4 A (digitally reconstructed radi-
ography, DRR)I A= A& A &3tA el 7] o] 7] o
ol AREAPE EA 9 A B RES FaE st do=
J#Fofok st MARF ] o olF FA = CT 94
NAE BA9 xR Q3 ¢FE(artifact)o] HAEHA
Hr Eopols FAE AA oFA gow et HA®
754 = =otAA Hrh

B oATFdAE g A& A A B B4 g94E F
42318 F e AT BE B AY o B dugEs
Aovat Al ST o] CT 94} OBIZEH ol kV
XA A2 RE 1A YAE ATom Aitsta olE
o]-&3to] M-S EASIES s Wolth

[ Ol "gieq
= od

-—

CH

0>

et

AL = nwr|s Al A

APdol 225 A4

CT image set Iso-center info

Orthogonal kV X-ray image set

)

.

Calculate reference COM;

Calculate kV portal COM

Fig. 1. Flow chart of the automatic seed

v

marker information extraction and regi-

COM; & COM, comparison and do error analysis

stration process. Amount of couch-shift
at each treatment session can be estima-
ted by comparing a computed COMop;

point from two orthogonal kV x-ray

Output: amount of couch shift for setup error correction

images to the reference COMcr point
which was previously calculated from
the planning CT image.
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Fig. 2. Basic concept of the center-of-mass (COM) for three
points. It was assumed that centers of each seed marker
comprise a virtual tri-angle in three dimensional space.
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Fig. 3. (A) Planning CT image captured in Pinnacle’. Two seed markers inside a prostate were shown clearly with an artifact. (B)
CT number profile along the oblique line as drawn in (A). CT number at the position of the seed marker was obviously greater

than that of elsewhere, thus it was easy and accurate to find out the location of seed markers using the difference of threshold value.



Fig. 4. Seed marker detection procedure for orthogonal kV x-ray images: (A~D) source gantry angle 0°; (E~H) source gantry angle
270°. (A), (E) raw data; (B), (F) cropped image; (C), (G) filtered image using Top-hat transform; (D), (H) detected seed markers and

calculated image center (X mark) and center-of-mass (+ mark)
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Table 1. Comparison among COMer, COMogr and COMaaua (Phantom Study)

X ¥ z
lateral {mm} wertical {mm} ]cengimdjnal {:mm}
COM,aa® 11 —d4 6.5
Fosition COMer ' 15 —d4 5.9
COMog 14 —45 5.4
Difference COMe —COMaual 04 0.0 —0.6
COMog —COMataal 0.3 0.9 —0.9

*actual (known) center-of-mass {COM) in the phantom, Tealoulated COM from CT data, Tealoulated COM from orthogonal KV seray

image data

Table 2. Mean Couchrshift Data Using the Proposed Method for a Patient Setup Error Correction

Patient MNo. of Shifts {rnmm)
Mo Dose/Fx matchin
' g Vertical Longitudinal Lateral
1 702 Gy/39% 39 —01+27 p.9+16 06+29
2 702 Gy/ 398 38 —15+3.5 0.3+16 —0.9+15
3 702 Gy/ 398 38 —13+6.6 0.2+3.0 —17+24
4 702 Gy/ 39 39 037453 2.0+2.7 —2.3+3.0
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Fig. 5. Variation of amount of couch shift during treatments in
three dimensional direction. Calculated positions from the
proposed algorithm (solid tri-angle with solid line) and 2D
matching method in On-board imager application (square with
dashed line) were also presented: (A) vertical (anterior-pos-

terior); (B) longitudinal (superior-inferior); (C) lateral direction.
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— Abstract

Development of an Automatic Seed Marker Registration Algorithm
Using CT and kV X-ray Images

Kwang-Ho Cheong, M.S.*Jr, Byung-Chul Cho, Ph.D.*, Sei-Kwon Kang, Ph.D*,
Kyoung-Joo Kim, M.D.*, Hoon-Sik Bae, M.D.* and Tae-Suk Suh, Ph.D.F

*Department of Radiation Oncelogy, Hallvm University College of Medicing, TDepartment ot Biomedical
Engineering, College of Medicing, The Cathelic University of Korea, Seoul, Korea

Purpose: The purpose of this study is 1o develop a practical method for determining accurate marker positions
for prostate cancer radiotherapy using CT images and kY x-ray images abtained from the use of the on-board
imager (OBI).

Materials and Methods: Three gold seed markers were implanted into the reference position inside a prostate
gland by a urclogist, Multige digital image processing technigues were used to determine seed marker position
and the center- of-mass (COM) technique was employed 1o determine a representative reference seed marker
position. A setup discrepancy can be estimated by comparing a computed COMgg with the reference COMg.
A proposed algorithm was applied to a seed phantom and fo fouwr prostate cancer patients with seed impants
freated in our clinic.

Results: In the phantom study, the calculated COMgr and COMgpg agreed with COMqe within a milimeter,
The algorithm also could localize each seed marker correctly and calculated COMer and COMag for all CT and
kV x-ray image sels, respectively, Discrepancies of setup errors between 20- 20 maiching results using the
OBl apgdlication and results using the proposed algorithm were less than one millmeter for each axis. The setup
error of each pafient was in the range of 01+27~1.8+66 mm in the AP direction, 08+1.6~20+27 mm in
the S| drection and —0.3+15~28+3.0 mm in the lateral direction, even though the setup eror was quite
patient dependent.

Conclusion: As it took less than 10 seconds 1o evaluate a setup discrepancy, it can be helpful 1o reduce the
setup correction time while minimizing subjective factors that may be user dependent. However, the on-line
correction process should be integrated into the treatment machine control system for a more reliable
procedure,

Key Words: kV x-ray image, On-board imager, Seed marker, Prostate, Registration



