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Studies on Staging of Gastric Cancer by Endoscopic Ultrasonography

Masanobu MITANI and Kennichiro HIRATA
Division of Ultrasound and Medical Electronics, Sapporo Medical College
(Chief : Prof. M. FUKUDA)

ABSTRACT Endoscopic ultrasound, the combined modality of ultrasound examination with a
high-frequency transducer under endoscopic guidance, is currently uesd for imaging diagnosis of the
upper and lower gastrointestinal tracts, pancreato-biliary tract diseases. The method is reported as
a useful adjunct to current gastrointestinal investigation in examining the depth of penetration of
gastric cancer, based upon imaging of the gastric wall by sonographic assessment of changes induced
by cancer invasion, however, difficulties have been reported in the assessment of invasion with the
concomitant presence of ulcerative changes.

It was the purpose of this study to elucidate the basic requirements necessary to obtain maximal
image resolution for the improvement of diagnostic accuracy and to compare the diagnostic capabil-
ity of the various approaches to endoscopic ultrasound in terms of the frequency of the transducers
used.

Two types of sonoendoscope were used ; the Olympus GFUM2/EUM2 equipped with either a 7.5
or 10MHz transducer and the GFUM3/EUMS3 equipped with dual transducer of frequencies 7.5 and
12MHz. One hundred and eleven cases of gastric cancer examined from 1982. 2. until 1990. 4. were
selected to investigate the correlation between endoscopic ultrasound and histopathologicai diagnosis,
in particular, the influence of ulcerating lesions and the effect of microinvasion through the tissue
layers of the stomach.

The following results were obtained. 1) Improved image resolution were obtained by the use of
a transducer with increased frequencies and by the placement of the target at an appropriate focal
range specific to each transducer. 2) Accurate results were obtained in discriminating early and
advanced stages of gastric cancer, 87.4% (97/111), but lesions with ulcerating change showed slight-
ly decreased levels of diagnostic accuracy, 81.3% (61/75). 3) The use of transducers with elevated
frequency not only improved the grading of gastric cancer invasion in cases without ulcerative
changes, but a lesser degree of improvement was also observed in carcinoma with ulcerative changes.
4) Histopathological study has revealed that marked dissociation in the diagnosis of depth penetra-
tion of carcinoma are mostly caused by the presence of extensive fibrotic change in the mucosal tissue
surrounding the lesion and also very minute scattering of the infiltrating tumor cells just barely
discernible by microscopic examination.

In view of the total absence of adequate methodology to assess d_epth penetration of cancer inva-
sion at .the present moment, endoscopic ultrasound is the method of choice in obtaining detailed
information of cancer invasion, and their findings are of increased importance in orienting the treat-
ment schedules of gastric cancer as to whether or not to adopt an invasive or non-invasive approach
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to the treatment of gastric cancer.
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2.1 EES & UEZECER

#8813 Olympus GFUM2/EUM?2 3 X 0"z o B AL
GFUMS3/EUMS 2 {EHA L. EBDMLHRE Tablel i
Rt BWEEOARSHRS OV TRRER—TH
L5, ABE BRSO G EARE TS, B AR
7.5 MHz %743 10 MHz O B—iRE)FECH 5 D12
L, BEEEER7.5MHz &£ 12 MHz OFIEIEE)F
RERBICE OB SRS ch L A RRE. B
ETHE O B2 ALy FCREHEERTS. Fig.le
EBoLHE, AREOFTEERS L Cmiio %
N S

BEEE&E T ~T VTR (SONY U-matic VO-
5800) TIT\, BHAHEG Y EUS AEN&K O cathode
ray tube (CRT) #/M L, £FwA V74 rsFioid
35mm 7 14 A AHERE L.

Table 1 Specification of Ultrasonic Endoscope (Olympus GFUMZ2/EUMZ2 and GFUM3/EUMS3)

GFUM2/EUM2

GFUM3/EUM3

Ultrasonic Endoscope
Frequency

7.5MHz or 10 MHz

7.5MHz, 12 MHz (dual transducer)

Scanning method
Scanninig direction
Extenal diameter of tip
Length of rigid part
Working length
Flexion angle

Viewing direction
Field of view

Channel
Ultrasonographic Display

(=

Presentation field
Size

Weight
Photography
VTR recording

radial scanning
vertical to axis of scope
13 mm
42 mm
1,300 mm
up/down : 130°, right/left: 90°
forward-oblique
80°
2 mm

360°

690 1,400% 1,000 mm
110 kg ;
Polaroid, 35 mm

available
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Fig. 1 Ultrasonic endoscope.
left : Image display unit, Olympus EUMa.
right : Ultrasonic endoscope, Olympus GFUMS3.
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Phantoms used in the measurement of resolu-
tion.

a. Rubber balloon phantom.

b. Nylon thread phantom.
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Fig. 3 Scanning schema of nylon thread phantom

and arrangements of the target on the respec-
tive scan planes.

Schema of nylon thread phantom.

In longitudinal direction.

c. In transverse direction.
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Table 2 List of Gastric Cancer Examined by EUS

« SPHE— R

Endoscopic findings Number of cases

Early cancer

I 7
IIa 9
IIc 35
[Ta+IIc 12
[Ic+III, HI+IIc 3
Advanced cancer

Borrmann 1 3
Borrmann 2 10
Borrmann 3 15
Borrmann 4 4
IIa like 1
[Ta+IIc like 5
Ic like 5
III+IIc like 2

Total 111

B 45 6 (pm 5 17 Fl, ss~s & 28 #D oFt 111 #il©
BB, ThooORBRSTEYR Table2 iIxLic. RRES
Hiz, BHE oWk AELEAREERSE?,
EFTREE I OWTIE Borrmann 48 it - 7c. B HIRE
CHELS 2 ETR O 5 BIIEECETE L LT
SELI.
32 H P73

BEFEZ, 2FARERT 10 F8ci{rsr2a
K7 v 20mg HEL, AREHBAREBERCHS
KEEAL, BELZERISCERETHIHIKERME
T o te. ERBMIEZERGE L Lich, WEOH
FEIALCIG U CTRMERYTVWES L IERAIBAGLIZ
THREL .
3-3 ¥E, BEREHFESLUBRFE

3 & 132 GFUM2/EUM2, GFUM3/EUMS3 % {# H
L, BEESE7 7 v b AL D ERNER L A
fTote. BEFRICOWTE, BEEREE VIR EEL
BELFROKRER, BEEZOMOT AL L.
BREEIKERE (m), BETE (m), BEHE
(pm), SEETHEMBL E(ss L) D 4 By e,
LN o2 Wi B v R SRR o0 I B AE » CHR
ﬁ%ﬁo 7=,
3+4 RIERBSFRIRER

BB OEE 3 L OMRITERE ER R R (S

ST 11 BOY ik - e, MEBYWH 0% & X Hemato-

xylin-Eosin &, Periodic Acid-Schiff f+& %3 &

FLIRER RE

L. REEASZENWEEE LB T ERR VR
eV, KEIERE (m), BETE m), BEHRE (om),
HETHEBE (o), BEERE (&) K57, EB5
Eirxd S AEfcBE L T B ERER B aEL
fo. BMOBBE LB L ORE, X U0EORBEHER
st 5 B AR (Infiltrative growth : INF) 2B
LTy, HETEU LOBEEEE X7 LicflicounT
BB OCERcEVE L. £, HEEERX
CEBBEOEECOWTHIERE L.
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Fig. 4 Image of phantoms.
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a. Images of rubber balloon phantom recorded by scanning with respective frequency transducers.
b. Images of nylon thread target placed in longitudinal direction.
c. Images of nylon thread target placed in transverse direction.
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4\0)/1/~ &, BB
& DX IS HHER L 7z
4:3 BEPEEISHEEDRET

4-3-1 EUS FEEDWT & RIESRRERSRION

e

GFUM2/EUM2, GFUMS3/EUMS = X % 1§ Ji £
e & VIBREEAR ORI EEE 2 W 2okt e U e fd
R Table 3 1/R L7, IEZFRITREEFIFEERE %t
BEENHEEICTEEL 2R E L.

EZR2FHE L ETROZIIc W TRET5 &
M T 78.8%, H#EATHE TIX100%, 4k Tk
87 4% DIEZENE L., FHESL miE & sm ¥,
ETHEEE pmiE & ss U EDBIZSET 5L, FhFh
DIFEEEILZ R I m L 48.3%, sm FE(162.2%,

pm i 1£82.4%, ssLh E D IX78.6% T &k Tl
65.8%TH - 7.

4:3-2 HERIFMIDEEIEDSE

A L EEEE E2 R 0% Table 4-a IR L
7o, FLEARRHE (pap) (29 Bl 8 f4l, 88.9%, EIKARSKE
A EE (tubl) % 32 FirR 29 6, 90.69%, EKAREE
o LR (tub2) (%23 il 20 B, 87.0%, K4 LAR
#& (por) (%28 firh 25 14, 89.3%, BAREREE (muc)
4 B4, 100%, L CENERMIRARE (sig) %15
B 11 6, 73.3% DIEZE 1 E Hhte. Chi- Square
%ﬁiiﬁc:ct LR FEBEH TRIEZRIZ T h EFh oMk
BT A BEZRD e - 1o,

"“EEF‘P sm L_EDSEGNCIsIFBEDEE LM EO&E
LIEZRDBIfR%A Table 4-b im/R L7z, kAN 16 41
Fr12 B, 75.0%, A A 0% 55 B R 50 41, 90.9%,
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Ultrasonogram of the normal stomach.

a. Ultrasonogram of the normal stomach in
vitro with a pin in the proper muscle layer.

b. H.E. stain of the same tissue to show a pin-

hole in the proper muscle layer.

Table 3 Diagnostic Accuracy of EUS Discriminating
Early vs Advanced Gastric Cancer

Histological diagnosis

EUS diagnosis Total
m sm pm  ss=

m 14 5 19

sm 10 23 33

pm 5 9 14 6 34

ss= 3 22 25

Total 66 45 114
Accuracy rate(%) 78.8 100 87.4

BEALENT 12 Fih 12 1, 100%DIEZXRTH 7. Chi-
Square BEIZ X 2 HEFH I G TIRE N E RO
LB EERRD I - 1.

BERE sm Ll EDIEGIZ 1T % INF & IEZ2EROBE
% Table 4-c iR L7:. INFa (38 #4071, 87.5%,
INFB (% 43 61 /b 39 4, 90.7%, INFy 1% 32 %l # 28
B, 87.5%DIEZETH-7z. Chi-Square HEIZL S
HEET B TR E R F RO EE X 2D
Teh o fe.

4:3°3 HAHFEBLEBRRENEELEDE

x4 & Lic 111 Flde UL LA LB H 5\ Lk B
BEaESTBNZTS B, 67.6%FAELE. BEMREY
tE-reBEOREE, ETEHIEZRTS5 Gt 61 4,
81.3%TH » e, WEURE b WBEDER

- P —

FLBRER 3

FIX100%TH Y, #HHFHNULP<0.05 THERICE
BEXRDI(Table5). FH-FfifE% m L smiE,
HETHE A pm B & ss LU bz B RIE 2R T,
BB A 2 i S 55 91.6% THHDITH L, 1
BURAE 2T 58 1353.3% LIEEATRL, 0
FRCILE AR A 77.1% % 5 T,

434 IRENFOFEFE EPE

Table 4 Diagnostic Accuracy of EUS for Gastric Can-
cer Invasion vs Histological Types

(a)
type accuracy rate (%)
pap 88.9 ( 8/ 9)
tub 1 90.6 (29/32)
tub 2 87.0 (20/23)
por 89.3 (25/28)
muc 100 C 4/ 4)
sig 73.3 (11/15)
pap : papillary adenocarcinoma
tub1 : tubular adenocarcinoma, well differentiated
type
tub2 : tubular adenocarcinoma, moderately
differentiated type
por : poorly differentiated adenocarcinoma
muc : mucinous adenocarcinoma
sig : signet-ring cell carcinoma
(b)
type accuracy rate (%)
medullary 75.0 (12/16)
intermediate 90.9 (50/55)
scirrhous 100 (12/12)
(c)
type accuracy rate (%)
INF a 87.5 (7/ 8
INF g 90.7 (39/43)
INF y 87.5 (28/32)

INF : Infiltrative growth

Table 5 Diagnostic Accuracy of EUS for Gastric
Cancer Invasion with and without Ulceration

ulceration accuracy rate (%)

+ 81.3 (61/75)
- 100 (36/36)
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Table 6 Diagnostic Accuracy of EUS Discriminating

Early vs Advanced Gastric Cancer
(GFUM2/EUM2)

Histological diagnosis

EUS diagnosis Total
m sm pm  ss=

m 8 4 12

sm 3 9 12

pm 4 8 12 4 28

ss= 1 16 17

Total 36 33 69

Accuracy rate(%) 66.7 100 82.6

(GFUMS3/EUM3)

Histological diagnosis

EUS diagnosis Total
m sm  pm  ssS=

m 6 1 7

sm 7 14 21

pm 1 1 2 2 6

ss= 2 6 8

Total 30 12 42
Accuracy rate(%) 93.3 100 95.2

GFUM2/EUM2 &, GFUM3/EUM3 o IE 2 X
Table 6 1z7=x L7z. GFUM2/EUM?2 D5 f{fij, @TTF“
FIIEZ3*12.82.6%, EHD u&EfWIGS 2% THBHDIT
XL, GFUM3/EUM3 o 811z, #1175 5EZ R
95.2%, BAIEZZH1366.7% & GFUM3/EUM3 ©F

NETIEZRS LA T A 23RO e A fEGT R
FEEXFEDO AT, LnL, RIEOLEZXR
Fioh bR g2 R & B2 L 2 2K 1x GFUM2/
EUM2 T 13 66.7%, GFUM3/EUMS3 T (£93.3% &
p<0.05 THHERICHIAFAICEREEYRD .

4-3-5 FEPEEIEES, BRPEGDOBEBIG LY A&

&t

FREEERE O CURERER TR L 0 R
iRt IGAME b e, LasLishih, retrospective 12
BE L CHHELHE L E 2 bREFITE T, B
MEERNIZ D ZIRE DFRD b I B FEFI 25 111 Filh 5 4
4. 5%FEE L. LUIFIIERZ L 2 fEGID 5 HiE B 7n
2HER, PHETDEBMRA DB TIER L 2t Te
LEZBND UEEGD S b 1R, Z< b TiE
Mo REOI-DBINEEEXIEZ L 2 e - =5 fE
D5 b0 1IEFAXZThZHERL .

X% B2 B3 5 58 621

Fig. 6 In vivo scanning of m-type early gastric can-
cer, [la+Ilc, with 10 MHz transducer
together with corresponding lesion by H.E.
stain.

Fig. 6 (2% EE m o [la+1Ic BV R 1S 5 0B F Ik
[BREZDON—_BTHDH. WIERTIEIE=2—-Dsm
JBERICHERTE, BREIIEENCE - T0
% LT E .

Fig. 7 (2R ZEE sm © [la IR B 0B EHF
%&%@w—«@féé.L&m%ﬁﬁlaMHzoﬁ
B, BTN 12 MHz OFiEE, TERIZZOHE
Hr—~BTHs Exa—0smBCRIETHERE
PRz a—ORHARE L TRDB ENTE . A
W12 MHz 12 X BB 0)7 05 % b BEICRE 2R T
=T

Fig. 8 (X EE sm O EE % £ - 72 a+1Ic T 5 iH
BEOBEEMBGR L ZOL—EThs. MEET
R 2 — D sm [BOB S e a iR I - DR EE
pm &ZW LI, BCEBRE A - o smfETH -
Te.

Fig. 9 (2% EE sm OEE % £ - 72 [la+1lc B F 1
BIREOBEEWBG L oL — <EE X OFDiaikG
ThH5H WERTIIEBHRECLS LBbhsE=
2 — SRS B s 2y, BB TR EGR Y
ROT mEEZH LS, REERZ TR T E

T TIERENEDOND smETH -7 EILER
TlEsm BRIZHT M TEMB SRS S k.
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Fig. 7
cer, Ila, with 75MHz and 12 MHz
ducers.

a. Ultrasonogram by 7.5 MHz transducer.
b. Ultrasonogram by 12 MHz transducer.
c. H.E. stain of the corresponding cancer tissue.

5 IELRSUICEE

Ll k, EUSIZX %30 FERBUE & B HaR =& 2 W
DORERTEH L. ThOOMEXRIEL, U TZxo
BHICOEERT .

5.1 EBEMKEHIC DWW T

5:1:1 77> b LEER

MEWE VA= a—RIC X ABEETIE, Bbh5
BEWEROMEBE, =2v 72 SRERHEHT 2 H
LBWORBEEB L O — 258 — K E RIETHY.
Tichb, RAEROMANIIEES RS EL, B
W — 2RI BRER AR T 5.

WH® EUS T3, HMoBEEdEoikes LTHE
MEEE T2 H G b T b, Fig. 10 3EE ST
AW 12 MHz, B0 ¥ 3.4mm, HiRFEF 12

In vivo scanning of sm-type early gastric can-
trans-

FLBER B

Fig. 8 In vivo scanning of sm-type early gastric can-
cer, lla+Ilc, with 12 MHz transducer. Inter-
pretation at the time of the scanning was pm-
type cancer, however, histopathological study
revealed sm-type cancer accompanied by deep
scar tissue caused by ulcer formation. The
lower is H.E. stain of the corrésponding
lesion.

mm DM MEREEH T O ¢ — AMEOHREXEE SO
TEEIZ X D EEL, 77 7FRLIchOTHS. B
MRENCIIREY T X 9 #9 1.5 cm ECoORBREEFS Tt
SBEERELRIWC LIci s, EoEAX DB
NBITHNE — AEBAL ), SHICHEMERED

D OEEREEOKT X » WiE &GOS 2F I
THaZ &nHEEESNS.

HE, RKEBERTEIC V- VvB&ICST, &
RO BMBERIC KL T 500 HERTE. T
T2 bR b IRE TSI\ S TEIT AL R~ DO HEHE
Fr@DHOLh, EAMITRRLERLBEERL, K
WTHEAABRE D EHBOSHMITRANDBEOMO &
HENDERORRD NS, EBES0ERRICL
5 EAEBOMECL Y ESTOY - 2DRIZERD,
BEENEL b o hEL e b, FERTRERT
FEE E—6dB (0.5 Vp) &7c5 £ — A DFHEIELH
B #7.5MHz T130.126 cm, & ¥ # 12 MHz T &
0.084 cm TH - 7= (Fig. 1D).

FABRYRT 7V b ACOWTOEBRER I, BB
B ST M OB GO 7.5, 10 MHz OIRE)FIZibL 12
MHz ©J5 38 524 7e<, 12 MHz OEEEE 5 AR
0.75mm U E#aRL, AEHKDO LR 2T ROS #
RIcEEES T2 LML 2. AT
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a

b

c

Fig. 9 Ultrasonogram by 12 MHz transducer merely

shows slight elevation of the mucosa ac-
companied by central ulceration resulting the
interpretation of m-type, early cancer. The
histological study disclosed microscopic dis-
semination of tumor cells into the muscularis
mucosal and submucosal layers.

a. Ultrasonogram.

b. H.E. stain of the corresponding lesion.

c. H.E. stain of the corresponding lesion at the
higher magnification(20x ).

BILTH 7.5, 10 MHz 2kt L 12 MHz T D0
WD L TH - 1.

DI EofERz, EEFRICOWTL ) Bl E R
i85 7212iE, 10 MHz 725 12 MHz O WTHE 7o #iFR
TEABEROIRE FLHHAL, 1 ouRAIE L < B
ICAHBXETCEETLH LB THERETHL L%
RLTUW 5.

5:1-2 & FBEECL BIRET

EUS iz X % B EE 2 Mol UM 2 34 5 50K
H7e L, EUSICL W FERENBH VP S FEES &
WEDOMRTHhH D, HEES BRSO,
Silverstein 52%, Bolondi 52V 12 X b #EfliciRG X h
TuBH, HADHERIBIFIRE—FHEHt. T
e BIHBIEAR DV — B CEE BT EHE 0K

BEI AW IC L 5 BRGEE
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BEAM WIDTH

DISTANCE

10 Calculation of ultrasonic beam width of the
disc transducer (12 MHz) used in the endo-
scopic ultrasound unit.

Fig.

3b=0.0317cm

Beam Width -
=0.0474+0.037.
—0.084cm

04 03 02 01 0 01 02 03 04
Right Left (™
BEAM WIDTH

Fig. 11 Beam width in focal zone of ultrasonic trans-
ducer (12 MHz) used in the same unit by a
microphone method, the abscissa is beam
width and the ordinate is sound pressure ex-
pressed millivolt (Courtesy to Olympus Co.
Developmental Section).

Nind b, BEWHKBGROE 4BOK= 2 —BiciE
BEHcHY T SRE = 2 — 2D LD 4E
BEEHEBTHY, FOLOEIBOE= 2 —BIIk
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BETE #SiBog-a-BERLERa—, £
LCE1BOE=2—BRIVE2BOE=- 2Bk
R o — LHEB I RE—ET A ELLRS. L
2L, EERAERT - TERRTHIREDTRE, ¢
FAEG EOE>=2—-A Ky D over flow HF, X
BIIET O 7T AAF v VICRE R EEG E A~ OE B
DU EREE TS L, BEFAL Q5 BEET
B E 0.1 mm FiEOMESROREIRE L VY
5% B, BEH12MHz TR1EE 350,127
mm, 7.5 MHz T3 1#EEEZ0.204mmThH b, 2
EU OO 2 SEOGHCHELTIUE E
X 0.1 mm A ORI O H IR & RElEE
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5:2.1 BEREEBHNICOVT
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B, BH L™ —RicEREEERE & e BIFR L E &
THIE O O&EF O I VRE CIRBEZ D v,
MEEROGE B TRUT~0RBEOREL LT
WEOIK, BE, REROEEEBFC B2, %
OB RERE S L e v RN TVv B, AR
B2 MM BB 0 REE 0FRICoWT, HETRE
PUF~oXRECHEBHELESTXE AREFREZ D
BLFEOBR I AT G R IIR, 2) KESE LM
b, He, D RMEZOERERS, 4 EhT5HK
[EakEE DI Nl 23 0 it o%l, 5 RESE
DHRROERELTHBLEL, XHIHNETEUT

« SPEE—EF

ALIREE EE

DBDOE Y EINCEE T 50550 $88 S. L(spread-
ing index) 2\ 15%iTEc X §7, HHREOBERAH
HEEBELTCCB, Thbb, HH—EELELOE
BEATIREX R ARENCRZOREY L L
Bl b LT\ A, BB 3 X MFEMCHETEBE
BEokE M lem B ETHIUTEEBRET e o0
KEMBBRE L CHEDLRE EHELTWS. L,
ThHDOBEIEED  F TR O Ly HIE T B
UFomBEr#ET s HEThY, TOBEL—F
DRADDHEEZLN, TRHEOEELII»ZOD
DWREL B LS B s. PR dHETRELTOER
BEIDDL—TCRLTTHLEEY, ORI,
BOKXE X, ABEOMEBBEMRICE SR o HHE
RIPZREEOHEE 1T 5 DAt iE i LT
W5,

—7, SEHSTE LU EUS itk 2 BEEEED2 N,
BEEMEOWELETENMBERL L GEEL- LT
HEN D ORBEINCITVE D S TREko X R, WNES
RREEZE & IREAHCE R, EBXROBEND
ZTCEDOBERABEELFMENS. Licdi-T, Th
FTCIThbNTELRXBEL L IRASIC X AHEES
Wk EUS X peelissdinz sz dickh, LDIE
W BEERED ST E e B L E L 5.

5:2:2 #EBFHIDEE L BEEDRTIEDSE

FEEZHOTSR EABAERNSE, BOoKELH
Bogl, EoRBABCT BRI L T
FRENETENC B RBEZTRD LT, FR 539,
KHE 5 OEEITIIEF—FH L T 5. ZhbofERIT
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Table 7 Diagnostic Accuracy of EUS for Early Gas-
tric Cancer Invasion with and without Ulcer-
ation

Accuracy rate (%)
GFUM2/EUM2 GFUM3/EUM3

Ulceration

+ 50.0 (12/24)
— 100 (12/12)

90.0 (18/20)
100 (10/10)

DIx, EEOZEL 12 MHz RGBT 045 K B 5
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Table T IR LicZ L EESERELHET HHEICE
W o R EE O IE 2 R0 ENGFUM2/EUM2 &
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