J Korean Gastric Cancer Assoc
2006;6(3):161-166

U MU

T YUoA CT Gastrography=S O|§T%F & HH HY =%

deoystm o\ nicyst o|nhatmAl

Medical Center

ELLR

Tof Abo|

, O o

3|

oot
loks

2hA|

=

40

SN el =o|dHo| 25 HolHA Zefole 2
BXtOlM 7| 9kel Bl g0l 50%E "X ok - &
7|2 & F A0t AlZol ofsl 2AX|HX| =
227t 22X 2 den & & o WAEZAE Y
gio| Qxjolf chst Yatet YEE MSsHX| 230 =
of EMHeIE 2Fst= ol ofAZ0| UACE MAE2
ATE S3101 1) CT gastrographyE 0| S5t0§ 3l 54 A
AXHOMFE =7] A2t HHIX| 2| HAH AF 2
o 2lE FHE 7 A= 2ZELOE LS 2) g
E azEgofo 2 FHE Azl = F He| =0
ofsf FHE HalE H|usto] Ta0ilMe R3YE ¢
A osheicth

ko oY © of

HHoM & N S5 3x8 CT gastrographyE #5110
HHES MY 60He x7| 2 BXE R 5
Ch O| &2 X} 456%, OX} 156Ho(Uon] Ha AY2 S

Mict & ™ HFE HSEL2 5 Fr8|[/THE &3
AUl 37|18 SUAMZI = AR o] FH2 HEH FA
0.625 mme] thin sectionz} kVp:120, mAs:2002} low dose radiation
9f protocol2 M E3stct 2 AFOAM FHHE EHAHZ| &
M A= E20{Z Rapidia 28 CT 38 M7M ==7241}
Eoto] XY EF HHE ¥ 7| Y HHM R,
Ee 2E7R BEH A28 S, & F el B
=of osf FHE A2l JHUE LZEL ool ol =
M MA ol ZHE 72l Atole BAHE Holstict
Zol: gHae f& e 25 Aloje] AHzlof chst He|
F22 CT gastography2§Ef X E 7Ha| 7k Rols
5.04--2.97 mm (range, 0~ 11 mm)Ql 204 CT gastrographyol] 7|
5t 7{E|EE2 HalE=of vlsto] 18He EXtollME
A 3Ho| Bxtofj M= o B CT gastrography 2
= N dA i ZuAzet & 7 He| 200
2121 cH(r=0.995,

|

B

C

—t

=
T

X
A= AHE| Alojoljl= Folst ARtEA T}
<0.01).

2.0

=
[
=

N ]

o}
re

AAX Moz EE x|

Azl xS, A T AP} 50 A
7Syl 23, 700-721
Tel: 053-420-5605, Fax: 053-421-0510
E-mail: hychung@knu.ac.kr

A4 2006 69 27, AAEAY 120060 8Y 23
H =79 e A= 20054 ok tehy] AT glol A A
SEEES

BT - OITNE! - HTE -

161

Stafw Al 3s1S Center, Department of Radiology, Georgetown University

215|4=* - Kevin Cleary” - Seong Ki Mun’

et wWylx|e| M Ha|7t CT gastrographyol| of s &
5t EHE £ UChs AMAE AlALEICE O] Z[Y 2 &
o HAe M HelE B st =7] fltel &

d f1x| 2ol 0|8 + AUS A2z Erh

Z= A ool et CT gastrography

M B

WA A 7AYol b E A =7] dAdE
t2 HT SelvetedA 27199 HEE A g
30% o, & AL 50% ol s At ekl

ey A AAR de] ol &=l Yle WA A
AlE A WY Fed gAY ded ARlE FH%e
TAAQ W] AMutslo] QIR ok WAIH A}l B =9
EAbe] Aol met Wi AXU Yok AR E HEel
7hEe bl Y3 whebA] 2 Zhell thaze] Ko7} e
Aeo] Aok wdk WAL HAAS BRI g2
olB g o Q] AF gl A= AAE AlelA] FalA
v Agsttiets dete T ARE AAE E g dle
A7t F%F k. 5] 271992 o)d A A AA
ol Ao FAHF A Ao 2 WY EAY T

ol

)

L= T o
9 HAZollA] o] g1 x)ell et AAd JRE A& 5
Ve A7 BE T okdeh 7 T Folu Azl A

Az QAR oFe 97 2EA oAl Yol & F AR
W2 AR dl e AL H9t 9

AR FF o4l CTsh AFH
744 QY R Rl AT AT g7l shi HE o)
Folt} ¥|&3k A8 AAelA CT L MRI9| 33 7]
FA 34l ool AR HuhsiwA Awret
AR 54 ANE Sl dE 2 248 3 ek
53] CT endoscopy’s 172 71 % Aehe] 32
ool =

FAR 2 AR Bl e o s
THgeEy & o ARHolx HH A EEE T
Qeke Aol ek 2L ok 7Rl AR AR B3 9
o} g}zte] CT & MRIS] 33+ A T4 dAto] A 23



162 [(H3IISISIXI - M6 A R3S 2006

of obet Awst A AH £UE AN AAL Yol
449 ol dglon webd ¢4 A5% WAZS 3 7

A Al et B o)yt vrolrt WA ol tigE A
ey e AR B3 gigich

olol] 25L& CT gastrography o] 3to] A4ute] =
A4 7 9 ARG SN2, 0% ¢ F W2 Tl o
8 249 Ash ulaste] A2 239 $84E Lobn

22 &9}

195911 % X2 Dijkstra)7} LI E o] 23} dynamic

programming & o|-&slo] Q] Ao Hok AgE
Tohe e A5 o2 AR o] % Cohen}t Kimmel(3)S
7% Adalsteinsson} Sethian(4-6)ol] <) &} 7Yut=l fast march-
ing methodol] o] 2Z7]17}2] oAl A Het AglE Fol+ v}
kgt who] AAIE 2H WEHOZ ol&HE
Dijkstra’s algorithm¥} fast marching method2] 73-%- Dijkstra’s
algorithm& A2sk whH £ %7l -2]3 fast marching
methodt= oA o2 w27l shAr J A&l 5 dlole
ol:o] o 2o Zhzbo] AlAoe| gigrh(7) o] AASES
£ o AepUAE WE Azl 24E A 712 o8
AollA ol o] &3}xl Dijkstra’s algorithm?} 7 & 5 o] 4]
A A E 2ol 58 A Z2aw BES )
bjo] 7129 4839 3R G4 AT Z2a9 A
bt

do off #i\ o

T

ot
01-

g} Hq
=} =

o] ol 2004 1€-7E] 2005 9€7bA) A E i
HollA = A Alggt BE CT gaStrngaPh)"’ﬂ/q 27| fite
2 AT $4 Ve 070 BASE Aoz H3ish
o] 52 iz} 454, oAl 159 0]9] o Jcl:v?- o8 57 84193k
o] 717F Bk RN o o AAEE A S B
2 561 o g2 £ A Ak 2] 9<F 2199 (39.0%), 2138
4 919 3027(61.0%01%ieh. oI5 F Beolla] & A 23
CT gastrography & &3t 73-$- T‘:— 7+7r 9“ﬂ (36.1%)3} 1079
(BL3%)ol A =ul ey el A B3 CTE #odslA] W &
£ 9AE doR dsith £ 1 2] Ao ARk e
2 = & T 22 A4 R4 e g Aoty A=
solgion] ol 58 B5 AT uhaelAl Alslssle e
718 F & A %}X}«] 2 delut 259 YA H 3} 7
oA kel Aol FA) oo} Wl ARl Beka 5 A
4 A7) DT 36llsh CT gastrographyoll 4 Wl S
218 4 S191R 8ol ©34] AToll A AS] I Rieh. AT oA
of] £3tx z=7] 99 60|+ §H 2 type 1 29|, type Ila
3c-1] type IIb 134, type Hc 39¢], type I 3od)¢ich

<% 7 CT gastrography 3¢ -2- #od 2 2134 B
—J‘F Fr 0] 9143 7Hele & 53l AW 3715 500 cc FHA)
7} 3 59129} oko} 9ol 4] multidetector CT (Lightspeed ul-

A

E{ :_/U

tral6®:GE)Z o] &-3t0] Al28a}9l 3, 0.625 mme) thin section
T} kVp:120, mAs:2002] low dose radiation?] protocol-2 & &
s} &4 A= iopromide (Ultravist®'Schering Korea)E &
gk 2 ml/kg, ’—TE 1.5 mlfsec 2 A} F£1&}¢lct CT oA+
2] 3%%d & #lt) 82 INFINITT (Seoul, Republic of Korea,
hitp://www.infinitt.com) A}2] Rapidia 2.8% program& o] &3}
3, gHe) Asi Bl §2AAY ERARNE A@F

Ao 2 ke AH LD TEaw BEO)E o Lol

transparent module®] ol 4] ¥ o] 7k L E 9] 3l A
o] o2 RE| P4 Q1A% Aol & F59 S He
A7 2Ugozy Tzadgdl o ABoE F A 7
o) ERiAeE Fohe HAoR @ Wel Jaoie g

97t 25890

AL PHOSE F 7 29 4T b
2s}od Pearsone A AlF Wl 3]
4g Ageie] WA S Fo
£ foe Aos BAAY

Bl 12 Rapidia 2.8%% o] &3}o] &
¥ CT 4 FolA) 1nre Belekol 9] g inEoz
SR E BES Ao zH 271950 Wil Bl
& 4= 9J9lvhFig. 1). I F 7+2 3bwdel| transparent module
& Haste] Beky, oirlo] EviAel 25 RES 483
of Al A T2aAS o] Fekod SR W 9
AEAA A=t Fu1-E vtrle AelE CT gastrography
ol 784k eiThFig. 2)

$RoA el AARA Qe EAARE S8 ¥

| FHA H 6514321 mm, CT gastrographyol] 4]
704335 mmZ F o 7+ Zo]= 53129 mm (HSY) 0~
23 mm)At}. CT gastrography 2 24 % 9149t A gl=
el ZTRoAY aAEY 5194 FF 7R e 9
ol Al T4 7hE it

Pearson’s correlation methodol] 2]&l] H-4= CT gastro-
graphy$} wWe] FHol|A A3 i Ael Aoldl& A%
frogt AiaAE Ao (Fig. 3), A3 ALAE Fl
‘W) T HEAA S THAg= —1.348+0. 943><(CT gastrography
dlAe FHA) e A% F5E & Utk

T 7 22 o ‘I’rEPH CT gastrograph)’% My 38
ol A 8] ol A W o] W H7EA] T A= o] o] & ]
okgl g ) Sealoll whakAE vl H ek el weh

$7, 42 59 wHel Fuo] AU WolA ¥ 7
9 191 Aol7} Aglont, 2494 v de Sahe)
22 AQ42 E 7 209 Ag) Aol Agick. 2} %
3} 25oll mekdl BARYQ SoI4S
91 th(Table 1).

=
©
X
P
T
4

A e ?}01 =



Enguscopy
T

T

T LA

Fig. 1. General module of 3D volume rendered stomach by Rapidia 2.8% that is the surface of projection of gastric inner surface
including EGC Ilc.
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Fig. 2. Transparent module of Fig. 1. The surface distance from the pylorus to the EGC can be measured by the developed software.
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Fig. 3. Comparison of CT gastrography-based distance with patho-
logic distance from pylorus to EGC.

Table 1. Difference of surface distance between CT gastrography
and pathologic specimens from distal margin of the EGC to
pylorus

Numbers Differences of distance (mm)

Gross type

Type 1 4.16

Type Ila 5.66

Type IIb 13 5.65

Type llc 39 6.45

Type III 3 2.88
Differentiation

Well 14 4.57

Moderate 18 4.70

Poor 18 8.08

Signet ring cell 10 6.48
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Table 2. Experimental results of search algorithms performed on CT volumes

Length obtained Calculated time

Dataset Algorithms Visted nodes (mm) (second)
Abdominal CT A* 768,283 334.904 7.39

(512 X512 X396 voxels, Dijkstra 6,147,055 334.904 47.57
12-bits per voxel) Fast marching 5,168,005 355.028 3.57
Stanford bunny A* 515,694 147.742 3.83

(512 X512 X362 vozxels, Dijkstra 3,366,799 147.742 21.96
12-bits per voxel) Fast marching 2,804,579 162.768 3.83
Swine CT A* 13,291 63.253 0.80
(512 X512 X125 voxels, Dijkstra 226,033 63.253 1.77
12-bits per voxel) Fast marching 195,797 65.559 0.33




m
0

5| Q] :

I H2&MAM CT GastrographyZ 0128 H&at £3 Hal =8 165

off vlel oMol Aa}Eo] Mgt A*L el E®)S 7[Hte s
8l 71-2 Dijkstra’s algorithmol] B] 3] £X 1= oF 68l A& w2
WA AEEE FARE Ao 41E vb ik (9)(Table 2)
2 odtell A CT gastrography 2 &7 9] A=he] A
2= 609 F 519l A W] FE oA 17 ¥ o) o7}
HR et o] AL Wl EoA WA ¢35 dgo] Fa
3l o] §-& Azt=ld}, Goldstein 59 Al A4 & Al
o] Zolol] &t AR 24 & ZHH A9 Zolr}
< T AE6 o) Fulz 23" AN Aol 57%
ghol] m] 2] 2] Joghg A1 A3 wl 9dodch(13). v v 2] 9
o} oflol| A #A7HA Zlell A e F&e TAE F43)
717k WEAT CTE 248 P4 doi ez 23 99 o
gl 3 WAl He BFoR HIHAE M
Azkel & ¢ dAlth 2 B2 ol CT &g Al
RBEE HAE ALl T WS o] &3t AT
o] 7b53k Hazto 7 WAYS w A=E FAs),
Aol AA A Foll o] Hagog Uo]
uf o] A FEAA 3 ALl v|azsts We] B
£ Brkske ol oS Egol 2 Zlog AZ4H
= AR HAR FA0l SJolA A Aukst
Hol BT a7 g o] &3 £ AlH TN Y
= Yobie ol S T e AR 44
A HAE AR Aste] FEoll4 HHe] ¢
HAFAA ) A Bk A E-9] A B0l A W] 7] A]
7212 AelE FA3ke el o & 9u)7t glg Aot

r

o

ot 1

g 30 14 Mo o mfo
o
ey

oo fu rfm 1 alo s offt

I

M

3

e 2o (u

R A=A A
AA=S WAL dopstrg 3% 27| UdollA CT gas-
trography Z 3} 9] A AE-& A3k Fa|7} WolAH o]
ol tigt A7} oA welol & Aoz A7t
AAZ olF7AA AHAAZ 7H de] o] &5 &
< ANAH o] ,(14-16) B3] =79 CTollA #w
gelstr17t A= A5 @71 wiitoll AAIA A o
ARl HHoR Lo} sl A7t Ytk dAA
A7l A 58 AAAA 7 £ wuidte A E
A3 AEE P o]F A7t H9) dFEE H Ve
A ZFHol|A g2 ol Fo] g AoZ AT X
= HAIAS 49 A A TR Agl, 2
2] i CT gastrographyol| A o1& A&l & B 7ol sl 2
o I G884 2 AEEE Hrlsta AA gl A8t
v & =gl 2 ZoE Az

2 £ orlo no

_l

E- =
2 7+ CT gastrographyoll oJafl s 754 7 AlA A Ql
ToERE 27] A% WuztA A= 29 weprt

A7h A M A Z4 71HE o] &ste] vl

o X E oXl

A to rlo fet
oy

10.

11

12.

13.

14.

15.

16.

)
X
d

49 4 olthe A4L A A, o1l of 7]
£ A 2719199 9% Aol o] £E0] £44 A
A3 9E AR 548 E 4 Jg AoE

REFERENCES

. Jung HC. Early screening of gastric cancer. Korean J Gastro-

enterol 2003;1:S72-S78.

. Dijkstra EW. A note on two problems in connection with

graphs. Numerische Mathematic 1959;1:269-271.

. Cohen LD, Kimmel R. Global minimum for active contour

models: a minimal path approach. International Journal of
Computer Vision 1997;24:57-58.

. Adalsteinsson D, Sethian JA. A fast level set method for

propagating interfaces. Journal of Computational Physics
1995;118:269-277.

. Sethian JA. A fast marching level set method for monotonically

advancing fronts. Proc Natl Acad Sci 1996;93:1591-1595.

. Sethian JA. Level set methods: evolving interfaces in geometry,

fluid mechanics, computer vision and materials sciences.
Cambridge university 1999.

. Deschamps T, Cohen LD. Fast extraction of minimal paths in

3D images and applications to virtual endoscopy. Med Image
Anal 2001;5:281-299.

. Hart PE, Nilsson NJ, Raphael B. A Formal basis for the heuristic

determination of minimum cost paths. IEEE Transactions on
Systems Science and Cybernetics SSC-4 1968;2:100-107.

. Kim HS. The minimal geodesic search on voxel-based

surfaces. Master thesis, Kyungpook National University 2005.
Rettmann ME, Tosun D, Tao X, Resnick SM, Prince JL.
Program for assisted labeling of sulcal regions (PALS): des-
cription and reliability. Neuro 2005;24:398-416.

Dechter R, Pearl J. Generalized best-first search strategies and
the optimality of A*”“. Journal of the Association for Com-
puting Machinery 1985;32:505-536.

Atallah MIJ, ed. Algorithms and Theory of Computation
Handbook. Denver: CRC, 1998.

Goldstein NS, Soman A, Sacksner J. Disparate surgical margin
lengths of colorectal resection specimens between in vivo and
in vitro measurements. The effects of surgical resection and
formalin fixation on organ shrinkage. Am J Clin Pathol
1999;111:349-351.

Mercer DW, Robinson EK. Stomach. In: Townsend CM,
Beauchamp RD, Evers BM, Mattox KL, eds. Sabiston Text-
book of Surgery. 17th ed. Philadelphia: Elsevier Saunders, 2004.
Cnnizzaro R, Fornasarig M, Lacchin T. Endoscopic diagnosis
and staging of gastric tumors. Suppl Tumori 2003;2:516-S18.
Han JY, Son H, Lee WC, Choi BG. The correlation between
gastric cancer screening method and the clinicopathologic
features of gastric cancer. Med Oncol 2003;20:265-269.



J Korean Gastric Gancer Assoc Vol. 6, No. 3, 2006

= Abstract =

Measurement of the Mucosal Surface Distance in the Early Gastric Cancer Using CT
Gastrography

Hyanghee Choi, Ho Young Chung, Wansik Yu, Hun Kyu Ryeom', Jae Hyuk Lee', Jae Choi’, Hee-Su Kim?, Kevin
Cleary’ and Seong Ki Mun’

Departments of Surgery and 'Radiology, Kyungpook National University Hospital, Daegu, Korea, “ISIS Center, Department
of Radiology, Georgetown University Medical Center, Washington D.C., USA

Purpose: Recently, the incidence of early gastric cancer (EGC) patients is rapidly increased in Korea. However, they're
often not perceptible by surgical palpation or inspection. The aim of this study is 1) to develope a software that
can locate the tumor and measure the mucosal distance from an anatomic landmark to the tumor using CT gastrography
and 2) to compare the distance measured by the developed software with the distance measured by the pathologic
findings. ‘

Materials and Methods: Between January 2004 and September 2005, sixty patients (male=45, female=15, mean 57.8
years old) estimated for EGC with preoperative CT scans and undergone gastrectomies in Kyungpook National
University Hospital were enrolled in this study. Preoperative CT scans were performed after insufflations of room air
via 5 Fr NG tube. The scans included the following parameters: (slice thickness/reconstruction interval: 0.625 mm,
kVp: 120, mAs: 200). 3D volume rendering and measurement of the surface distance from the pylorus to the EGC
were performed using the developed software.

Results: The average difference between the lesion to pylorus distances measured from pathologic specimens and
CT gastrography was 5.3+2.9 mm (range 0~23 mm). The lesion to pylorus distance measured from CT gastrography
was well correlated with that measured from the pathologic specimens (r=0.9843, P <0.001).

Conclusion: These results suggest that the surface distance from an anatomic landmark to the EGC can be measured
accurately by CT gastrography. This technique could be used for preoperative localization of early gastric carcinomas
to determine the optimal extent of surgical resection. (J Korean Gastric Cancer Assoc 2006;6:161-166)
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