Table 3. Comparisons of mRNA levels in the non-metaplastic and metaplastic glands between the control group

and the cancer group before and after eradication

Control Cancer p values*

Non-metaplastic glands

Number of samples’  before 10 24
after 13 31

CDX2 before 0(0-10) 10 (0-20) 0.32,
after 0 0 0.54
p values 0.02 0.01

MUC2 before 0 (0-35) 0 (0-38)
after 0 0 0.96
p values 0.40 0.11 0.67

MUCS5AC before 6,390 (3,545-27,780) 15,530 (9,415-28,650) 0.51
after 16,260 (6,440-42,490) 11,745 (6,490-34,570)
p values 0.40 0.43 0.48

MUCé6 before 150 (40-550) 60 (3-208) 0.22
after 110 (40-600) 90 (40-320) 0.95
p values 040 ° 0.19

Metaplastic glands

Number of samples' before 5 19
after 5 15

CDX2 before 110 (60-415) 40 (20-123) 0.23
after 20 (20-140) 20 (10-120) 0.56
p values 0.07 0.28

MUC2 before 1,150 (750-5,190) 510 (180-855) 0.03
after 390 (140-1,620) 280 (150-1,425) 0.59
p values 0.14 0.20

MUCS5AC before 1,170 (0-5,510) 840 (95-3,898) 0.66
after 200 (100-670) 470 (330-8,890) 0.94
p values 0.27 0.35

MUCe6 before 0 (0-105) 10 (0-105) 0.23
after 20 (0-160) 0 (0-25) 0.11
p values 0.47 0.13

Values are expressed relative (x1073) to the control gene B-actin as the median with a 25-75% range.
* p values for the comparisons between the cancer group and the controls were calculated using the non-
parametric Mann-Whitney U test. p values for the comparisons between before and after eradication were cal-

culated using the Wilcoxon signed rank test.

I Number of samples corrected by laser capture containing enough non-metaplastic or metaplastic glands
in the cancer group and the controls. The samples contained too small targets for non-metaplastic or metaplas-

tic glands were excluded.

molecular mechanisms how eradication suppress aber-
rant CDX2 expression.

MUC2 and CDX2 were repressed in the metaplastic
glandsisolated from patients who had undergone mucosal
resection of early gastric cancer compared to the controls.
Tsukamoto et al. [25] analyzed MUC2 and CDX2 mRNA
levels in isolated gastric glands from surgically resected
antral mucosa and demonstrated that MUC2 and CDX2
expressions were progressively upregulated with intesti-
nalization from the gastric type to the gastric/intestinal-
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mixed type to the intestinal type. In our previous immu-
nohistochemical studies, there is a significant association
between types of IM and atrophic scores or serum pep-
sinogen levels [33]. The most incomplete IM (types II and
I1I) preserving gastric mucin was the gastric and intesti-
nal mixed (GI) type, whereas the complete type express-
ing MUC2 and CDI10 was the intestinal (I) type. Incom-
plete or gastric/intestinal-mixed type IM was detectable
in the mucosa of gastric cancer patients significantly more
frequently (58 vs. 38%, p <0.001) than in the controls [33].

Shiotani/Nishi/Uedo/Iishi/Tsutsui/Ishii/
Imamura/Kamada/Hata/Haruma




Fig. 4. CDX2 (a, d), MUC2 (b, e) and MUCS5AC (¢, f) immunohistochemical staining of serial sections of the
patient with gastric cancer in the corpus greater curve before (a-c) and after eradication (d-f). Orig. magnif.
x40.

Moreover, CDX2 expression increased in patients in the
ascending order of those without IM, those with complete
IM and those with incomplete IM (p < 0.001) [34]. Al-
though both MUC5AC and MUC6 gene expressions were
not significantly different between the two groups, the
lower levels of MUC2 and CDX2 mRNA in the cancer
group of the present study may reflect a higher proportion
of those with gastric/intestinal-mixed type IM.

In summary, we first indicated that CDX2 aberrant
expression was detected at the gastric glands without
goblet cells in the corpus and disappeared after H. pylori
eradication. H. pylori eradication reversed the gastric
phenotype only in the control group. We propose that

CDX2 expression is a feature denoting the early phases of
intestinalization of gastric glands and eradication may
prevent extension of intestinalization even in the high-
risk group for gastric cancer. Depending on the extent
and severity of corpus gastritis/atrophy, H. pylorieradica-
tion can reverse corpus atrophy and have the greatest
benefit in reducing gastric cancer risk.

Acknowledgement

The authors thank Ms. Maki Nomura for assistance of labora-
tory work.

References

CDX2 and Mucin Expressions in the
High-Risk Group for Gastric Cancer

1 Graham DY, Shiotani A: The time to eradicate
gastric cancer is now. Gut 2005;54:735-738.

2 Sipponen P, Kimura K: Intestinal metapla-
sia, atrophic gastritis and stomach cancer:
trends over time. Eur ] Gastroenterol Hepa-
tol 1994;6(suppl 1):579-S83.

Correa P: Human gastric carcinogenesis: a
multistep and multifactorial process - First
American Cancer Society Award Lecture on
Cancer Epidemiology and Prevention. Can-
cer Res 1992;52:6735-6740.

w

4 Gendler SJ, Spicer AP: Epithelial mucin

w

genes. Annu Rev Physiol 1995;57:607-634.
Williams S], McGuckin MA, Gotley DC,
Eyre HJ, Sutherland GR, Antalis TM: Two
novel mucin genes down-regulated in
colorectal cancer identified by differential
display. Cancer Res 1999;59:4083-4089.
Lapensee L, Paquette Y, Bleau G: Allelic
polymorphism and chromosomal localiza-
tion of the human oviductin gene (MUCDY).
Fertil Steril 1997;68:702-708.

-

Digestion 2010;81:223-230

229




10

11

12

13

14

15

16

Shankar V, Pichan P, Eddy RL Jr, Tonk V,
Nowak N, Sait SN, Shows TB, Schultz RE,
Gotway G, Elkins RC, Gilmore MS, Sachdev
GP: Chromosomal localization of a human
mucin gene (MUCS) and cloning of the
CDNA corresponding to the carboxy termi-
nus. Am J Respir Cell Mol Biol 1997;16:232-
241.

Macdonald PM, Struhl G: A molecular gra-
dient in early drosophila embryos and its
role in specifying the body pattern. Nature
1986;324:537-545.

Moreno E, Morata G: Caudal is the Hox gene
that specifies the most posterior Drosophile
segment. Nature 1999;400:873-877.

Silberg DG, Swain GP, Suh ER, Traber PG:
Cdx1 and Cdx2 expression during intestinal
development. Gastroenterology 2000;119:
961-971.

Mutoh H, Sakurai S, Satoh K, Tamada K,
KitaH, Osawa H, Tomiyama T, Sato Y, Yama-
moto H, Isoda N, Yoshida T, Ido K, Sugano
K: Development of gastric carcinoma from
intestinal metaplasia in Cdx2-transgenic
mice. Cancer Res 2004;64:7740-7747.

Beck F, Chawengsaksophak K, Waring P,
Playford R], Furness JB: Reprogramming of
intestinal differentiation and intercalary re-
generation in Cdx2 mutant mice. Proc Natl
Acad Sci USA 1999;96:7318-7323.

Phillips RW, Frierson HF Jr, Moskaluk CA:
Cdx2 as a marker of epithelial intestinal dif-
ferentiation in the esophagus. Am ] Surg
Pathol 2003;27:1442-1447.

Silberg DG, Sullivan ], Kang E, Swain GP,
Moffett J, Sund NJ, Sackett SD, Kaestner KH:
Cdx2 ectopic expression induces gastric in-
testinal metaplasia in transgenic mice. Gas-
troenterology 2002;122:689-696.
Matsumoto K, Mizoshita T, Tsukamoto T,
Ogasawara N, Hirata A, Shimizu Y, Haneda
M, Yamao K, Tatematsu M: Cdx2 expression
in pancreatic tumors: relationship with
prognosis of invasive ductal carcinomas.
Oncol Rep 2004;12:1239-1243.

Piscitelli D, Ingravallo G, Resta L, Fiore MG,
Maiorano E: Oncocytic adenocarcinoma of
the rectum with diffuse intraluminal micro-
calcifications: the first reported case. Vir-
chows Arch 2003;443:579-582.

17

18

19

20

21

22

23

24

25

Kaimaktchiev V, Terracciano L, Tornillo L,
Spichtin H, Stoios D, Bundi M, Korcheva V,
Mirlacher M, Loda M, Sauter G, Corless CL:
The homeobox intestinal differentiation fac-
tor Cdx2 is selectively expressed in gastroin-
testinal adenocarcinomas. Mod Pathol 2004;
17:1392-1399.

Mizoshita T, Tsukamoto T, Nakanishi H, In-
ada K, Ogasawara N, Joh T, Itoh M, Yama-
mura Y, Tatematsu M: Expression of Cdx2
and the phenotype of advanced gastric can-
cers: relationship with prognosis. ] Cancer
Res Clin Oncol 2003;129:727-734.

Seno H, Oshima M, Taniguchi MA, Usami
K, Ishikawa TO, Chiba T, Taketo MM: Cdx2
expression in the stomach with intestinal
metaplasia and intestinal-type cancer: prog-
nostic implications. Int ] Oncol 2002;21:769-
774.

Shiotani A, Uedo N, Iishi H, Tatsuta M,
Ishiguro S, Nakae Y, Kamada T, Haruma K,
Merchant JL: Re-expression of sonic hedge-
hogand reduction of Cdx2 after Helicobacter
pylori eradication prior to incomplete intes-
tinal metaplasia. Int ] Cancer 2007;121:1182~
1189.

Shiotani A, Kamada T, Yamanaka Y, Manabe
N, Kusunoki H, Hata J, Haruma K: Sonic
hedgehog and cdx2 expression in the stom-
ach. ] Gastroenterol Hepatol 2008;23(suppl
2):8161-S166.

Shiotani A, Iishi H, Uedo N, Ishiguro S, Tat-
suta M, Nakae Y, Kumamoto M, Merchant
JL: Evidence thatloss of sonic hedgehogis an
indicator of Helicobater pylori-induced atro-
phic gastritis progressing to gastric cancer.
Am | Gastroenterol 2005;100:581-587.
Ravizza M: Does Helicobacter pylori eradica-
tion modify intestinal metaplasia evolution
in the stomach? Minerva Gastroenterol Di-
etol 2002;48:165-167.

Satoh K, Mutoh H, Eda A, Yanaka I, Osawa
H, Honda S, Kawata H, Kihira K, Sugano K:
Aberrant expression of Cdx2 in the gastric
mucosa with and without intestinal meta-
plasia: effect of eradication of Helicobacter
pylori. Helicobacter 2002;7:192-198.
Tsukamoto T, Inada K, Tanaka H, Mizoshita
T, Mihara M, Ushijima T, Yamamura Y, Na-
kamura S, Tatematsu M: Down-regulation of
a gastric transcription factor, Sox2, and ec-
topic expression of intestinal homeobox
genes, Cdx1l and Cdx2: inverse correlation
during progression from gastric/intestinal-
mixed to complete intestinal metaplasia. |
Cancer Res Clin Oncol 2004;130:135-145.

230

Digestion 2010;81:223-230

26

27

28

29

30

31

32

33

34

Vauhkonen M, Vauhkonen H, Sipponen P:
Helicobacter pylori infection induces a re-
versible expression of the Cdx2 transcription
factor protein in human gastric epithelium.
Scand ] Gastroenterol 2008;43:915-921.
Wong BC, Lam SK, Wong WM, Chen JS,
Zheng TT, Feng RE, Lai KC, Hu WH, Yuen
ST, Leung SY, Fong DY, Ho ], Ching CK: He-
licobacter pylori eradication to prevent gas-
tric cancer in a high-risk region of china: a
randomized controlled trial: JAMA 2004;
291:187-194.

Fukase K, Kato M, Kikuchi S, Inoue K, Ue-
mura N, Okamoto S, Terao S, Amagai K,
Hayashi S, Asaka M: Effect of eradication of
helicobacter pylori on incidence of meta-
chronous gastric carcinoma after endoscop-
ic resection of early gastric cancer: an open-
label, randomised controlled trial. Lancet
2008;372:392-397.

Yasunaga Y, Shinomura Y, Kanayama S,
Yabu M, Nakanishi T, Miyazaki Y, Muraya-
ma Y, Bonilla-Palacios JJ, Matsuzawa Y: Im-
proved fold width and increased acid secre-
tion after eradication of the organism in
Helicobacter pylori-associated enlarged fold
gastritis, Gut 1994;35:1571-1574.

Gutierrez O, Melo M, Segura AM, Angel A,
Genta RM, Graham DY: Cure of Helicobacter
pylori infection improves gastric acid secre-
tion in patients with corpus gastritis. Scand
] Gastroenterol 1997;32:664-668.

El-Omar EM, Oien K, El-Nujumi A, Gillen
D, Wirz A, Dahill S, Williams C, Ardill JE,
McColl KE: Helicobacter pylori infection
and chronic gastric acid hyposecretion. Gas-
troenterology 1997;113:15-24.

Ruiz B, Correa P, Fontham ET, Ramakrish-
nan T: Antral atrophy, Helicobacter pylori
colonization, and gastric pH. Am | Clin
Pathol 1996;105:96-101.

Shiotani A, Haruma K, Uedo N, Iishi H, Ishi-
hara R, Tatsuta M, Kumamoto M, Nakae Y,
Ishiguro S, Graham DY: Histological risk
markers for non-cardia early gastric cancer.
Pattern of mucin expression and gastric can-
cer. Virchows Arch 2006;449:652-659.
Shiotani A, lishi H, Uedo N, Ishihara R,
Ishiguro S, Tatsuta M, Nakae Y, Kumamoto
M, Hinoi T, Merchant JL: Helicobacter pylo-
ri-induced atrophic gastritis progressing to
gastric cancer exhibits sonic hedgehog loss
and aberrant CDX2 expression. Aliment
Pharmacol Ther 2006;24(suppl 4):71-80.

Shiotani/Nishi/Uedo/Iishi/Tsutsui/Ishii/
Imamura/Kamada/Hata/Haruma




Eek i L Ea % 2010 Vol.25 No9
OREAXF4 ALty y—

HENERICNT AT ITNVATI—TESD(Z VI NG VAT AT L)

L BHIC

BB TN 5 RS RE IR T & I BT
(ESD)" i3 2006 £E I-fRBRINER X 1, 6T %
BLBMUERLLoDH B, 7, HEROA
RERREELT R (EMR) TIRYIBREE TH -
T BB A BEIPRENEE 4 £ OBIGTEKRY b
BINTW3, ESD ODEARKDARIZ—HEIIER
DHRETH D, ERLREENFHE?TE 3
ETHBH, —AHTIE, BEEMINEPKRE, ¥
BEA IO RENRE & £ OIS ARE Tk
kRICEEE 2D 2 Z bRy, DETX
h ESD DFRIZ [RFTY VI 2L %
FE] hlionTEr, Thbb, NBEFM
DBED [BIFOEF] M\ IREETT ) HIRE
NEBREEEZO6ND,

ZIT, bhbndkizT) EL B 2AK
Bz CTHBARSE:2FARICEAL, »o—
DORFEDAZR B HEZER L, FW\T

Key words : BH{ENE, WMHEEG], 57V 22 -7 ESD

ek
AR X
AR

MO e
B OWET
Py AR T

Ha R
B BT
i BEsE

WEHYEER WY VR a—7 ESD O FE
LavizownTHHT 5,

I. #fEd5884@D

BERERBAA V22 =71FF ) VIRAX
FAANY AT LR Q260] ¥ 7213
2TQ260M, YIBAT 4 N4 RFetRF+4 7, IT
knife2, EABKEREIX VIO ZH\WTW 3 RJE
ZZE5| T M A a— 73 XP260, R T I
W FG-4L-1 ZAWwTw3, BHERIZIZS) L
F—=N®L a7y 7®%1:1 TRALTHEHA
LTw3,

I. £7)ZA2a2—7ESD #
Bt E s BIRE

KEBERLREL, KEREPHERE T
RHOLBIOIBEAREBBEVWEL S, L
2, WEREIC DLW TIREEAa—-7TrT 7

Satoshi Tanabe,” Katsuhiko Higuchi,” Tohru Sasaki,” Chikatoshi Katada,”Mizutomo Azuma,”Kenji Ishido,”Kento Nakatani

Takako Ae,/Wasaburo Koizumi

IR REE LA IR (T 252-0380 Z)I| RABEHEXARES 2-1-1)

0911-601X/10/JCOPY

BRI LERARE Vol 25 No.9 2010

1309



1310

ESD % fiifT (i)

2TQ260M Q260J

YR 1 BOAEA

t R % fuRE (B F)

IT knife 2

EOMEA D —7 7 AT
XP260 FG-4L-1

®1 %7 Aa—7ESD CHEMAT 2
(?&TﬁUVNZX?4ﬁWyx%AXﬁﬂ)

vavEnFaobickh, EINICXBE
DFENOYI DAL Z EET 5 2 LA L &
2 ¥t, Forvavhbhsrlbickhyl
B L L, BREOEEICbOR5. R
BoEfrciX, BEPTEH, BADONEIRA -
FOEELREERETCH Y, YT NVAa=T
PR R KET 5. FERIIES G & Rk
xNT\VwBA, NEHEIZEIEET 4 N4 ADEE
o h HEEIcERS T 2 EAbAITONS, b
5y aveES LT TOUIRE, R
KRIERICEAT 5.

m. fii - BhFOERER

B2 i (X 4 v 2a—7) L BFlEA
a—7), zoofHEORBRZTRT. &
=Ml HTE, BANCEIFEILY, % DRI
ST 2 BN 2 LD, MEDRSITIL
SfBhE R, IT 74 72MmBIL T3,

EEA LB AR Vol.25 No.9 2010

®2 B, EORER



X3 £AvIFEE
LRIB#EIE, O, LMz » 38
BEHELTB, ZZETCREED
ESD F4H & FRIZiT9 .

F4 MERa—7DFEA
AA Vv Aa—=72HRICEBE LT F, X
A v Aa—=7EXELSHL, HERA—T
WKELEZSL. A vAa—TIthb¥ 3k
IICHIBA 2 —72FAT 5,

V. #7)JV23—7 ESD OF#

1. X142 20-7 (&3 2BYE
BEOFHEEERICAA Y Z2a—TickD,

E5 MER2—7icX 2REDHER
WEDALFEIZ FERE L, reverse view
THIBEZTH, WELEI LY BIiF:
HEFIHERTE B,

K6 AAvRa—7ick kAT BB
MWEAa—=T2XELNL, BEAA
VAaA—=7~ELEZ, HIETEREEL %

Y 5.

WRERBEIC—% v 72T W2 RAYIEZBR
5. 208, BETBOHE2RAIchkoT
HHBRETH. :iT, MNERETIRIALFE D
HIBEZ 22T 2 ik, MERRa—7k
DEALZEFHFORCEsNTE 2 (H
3).

HRRIELEEARE Vol 25 No.9 2010

1311



1312

2. EERAI-TOEA
EEMTCHEUBONH IREHBEI N
®%, A4 vAa—7TRBRCEL LT RE
BoosL, MERAa— 72 RERICEET
3. WBERA—TEALVRAA—=TICHEOE S
YH3RLTHEATSE(EY. OB <7 A
E—RDRTA—N—F 2 —7TIREAL LV,
ZEASTBIZERL 2w, TEaE» s RE
BEAWMENEHL T3 5AbDHZDT,
ERARER L LD OED S,

3. HBRXOI-FICLBREDEH
REAPEZL, X a—7offFOr ol
BT (FG-4L-1) 2 AL, MEDULEZ
¥ 2. REREIC X 3MEHMOBEIZALFIR
%, JE&IC X 2 REFIORE XD ZIERFT 2
(B5). WMRAa—72AFREE»OHL, X
AvARa—TRNREBCHELETY. BT
ALV ARA—TTHELABOHMERAI—TD
uBxRELT, BIEL7 7 a3 d
FI 7y IVCHRERT). OB HED
KEBEA—TREDPEIBLY, TV
NBRIEDR R a— 7DD i ¥ THFES T
H5,

4, AR A-TICLBHETERIBE
BIFRRYY an v IR T LRI, XA
VA a—7CHEERED T (E6), BIRE
BT, BEMNELIN TV B 7O RFLEE
DR IN, BAPRENDTHRAAZDY A7
HERENG. I5i, FIr7varPRick
b, 1 EOHEERECOLEINZEARBS <,
BERE OB TR 2 5.

EEkE{La8MR Vol.25 No.9 2010

& Y7V Ra—FESDEYINVEFVA
SATFLHYDAY

@ B W (XP260 or XP260N), R T
(FG-4L-1) % ¥&{f&.

@ £EWE%, WEDILFIM L Ofl0FBEL2 T -
sl.

QBEDOILFIE % B L, reverse view THIHE
2179,

@ 7 v 7 VERE, BEHTOELANT, BE
AT VE—rTF 7 avedi}s,

®REZFISERD TER,

V. 4700 Z2a—7ESD(¥> T
RS RAATFL)DAY(R)

TEER P ARENRE 2 EAREAIME L 2 5T
BEMEDSH B EEBIICHE L Tid, SRR (XP260
% 5\ 1% XP260N), #EFHT (FG-4L-1) 2%
BLTBLZLIZED, FTNVRaA—TENA
r—RAIBFTES, YT VRa-T2HV5
Bz, O, ALFIRIZ & 2 BEERIMEL TR <
Z ik b, BT CROBAISERTE 3.
AL VAA—TOEEIC L > THIBERA2—TH
FE#IN20T, BFRIMER2—72EER
BiLRHe I avRERZERTS. £
DR, BhFERT v FVEME, BR#HTOELA
NOHFARETS. HERED T GBET,
b5 rya vBRHATHIEERAEL 2
75, EIOBELI SR TES LEADR
BLih, GENELT S I YERAY]
DRALERIED H 5O TERTY 5.

V. EFIRRET)

FER I3 B i L ERisRE O B R ERERI T H B
(M 72). 7, BEDESD LEMRITXA VA
a—FiTLANELEREO MY SV FET)
(R h). 20k, *4vAa—728BRICH




7

VIR 0EE
D VIR

BEL7ZRET, MIExa—7IcELEZ, T
MFICTREDILMfl % R LES T 23 (M
Tc). BEAA VAa—TICELEZ, +97
YavOREeHEEL, METEOHELITH
(B 7d). Aa—7@HA»SHEETI45 (5
TV A 2 — 7 HEATHER 15 43) CIaEh T L 7=
(K 7e). MIIAARDRERIR S i (”
7).

. £ =%

ESD i3k D EMR & WL, KEVRE M
W7 EHERD EMR TRV EETH -

B 14 bS5 EE o & BRI AE R
a * EEREAE
b &FUBE MY S

c I MIERa— 7k A1k, =8|

d : A4 v 2a—72 Xk AHET B HEE
€

f

TR R —HECHRECYRTEZTIES LA
ETHBD, —ATREMNLHEISENE,
BEFHOEVLR EOMEEASERI AT
5.

ESD i3 EEOABMFEMERL D, BIFITX
LEBD R0, YIRT 2 B ORE OHER
DEEL, RImT7T Y v F AV EARED LR
CEET I LICKDETBICADAATY]
BRZfTH. FMERAMRIZE T 7 a vt s
RAMNIEIETRINTEL, M DKM
&7y T ST, AMESYD
AVNRI P a—F—LETHHD, FEOE
WBRELGER, Ta%b 727y a vy

HakiHE LEENRE Vol 25 No.9 2010

7a|7b|7c
7d|7e|7f

1313



1314

SHVIEELHD H B,
2EDONBEHEEZBAL TITIS I NVRa—7
I3 1983 RSV ICE W EI N TV B,
ERICIEFHRBICB T OO NRFEEEZH W
T, FNFNDORa—THEETE HRETIT
b, YREIRAEDLILESD DI X
B4 N4 ABERINTRST, $HRFA7
RAWTEBR &, BEDESD DX I
CEBEEbEZoNS, ZOo0NREEZAY
DI D THHEE ko7, FALS"D
TODKREBLRERA NN —-F2—7
(Fy 7HEIZ 7Y v PNV ZRAWES TV
Ra—-THERZHREL T3,
SEDHbNONDHIETIE, —2DOKFERE
KEhRAI=T7TZELBATAVSD, XD
FHREZ SR, £, NEEEOT —F
FAR—ZADEHIT L 6T, REL LOEMP
EE&7 74 Y 7ORELREDBTETHS. M
BRAa—7 LIRS T OREREH NI, ESD
DEFcHRELREICGERL 2B, Kb
WY TVAA—=T~YIOEZ 2 LHBAETH
5,

EHUIZ

B EISE R o T 2 BOLRERIC &
2% 7R a—7 ESD D FE IO\ T

L7, KEUREDLERES 2 & DREICN LT
A INRa—TEEIERATHYH, RELBHH
WHEAL7ZBICEERA T EE 0,

X ®
1) Ono, H, Kondo, H, Gotoda, T, et al : Endo-
scopic mucosal resection for treatment of early
gastric cancer. Gut 48 ; 225-229, 2001
2) Gotoda, T. Yanagisawa, A, Sasako, M, et al. :
Incidence of lymph node metastasis from early
gastric cancer : estimation with a large num-
ber of cases at two large centers. Gastric
Cancer 3 : 219-225, 2000
3) ‘gAY, AMUESE : B ESD ic B 3 FH
POk : RfAE2 Vv 7k EBSIEIHEX
B LR IRE 2009, p. 361
4) SFciE2, MVLES, FHBEMY, i 8 ESD]
FEOEA L NEFTERD 2, HLBOE
K 12 212-218, 2009
5) Af &, BN B, iR, #: AREF
BB B0 TRCHEER#HFHAF v v+
LA EBH 7 — FZ2 v 3 ESD). Prog. Dig.
Endosc. 71 ; 25-27, 2007
6) FRIEC, IMENE, RAERES : BOER
HRE I ST 2 NEREEIREE. Gastroenter-
ol. Endosc. 25; 1942-1953, 1983
7) ZEERL, BXAEE, E @#:FESDIIRY
s HEERMICT T 0 BHERBICNT 3
ESD {fEREEF DR A 7Y v k2L
iz & % Double scope-ESD, Gastroenterol. En-
dosc. 51(Suppl. 2) ; 2140, 2009

EHHILENEL Vol.25 No.9 2010




Surg Today (2010) 40:444-450
DOI 10.1007/500595-009-4067-9

Original Article

é}i Surcery Topay
i‘)” © Springer 2010

Survival of Patients Treated by an Autonomic Nerve-Preserving
Gastrectomy for Early Gastric Cancer
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Abstract

Purpose. Autonomic nerve preservation in a gastrec-
tomy for gastric cancer improves the postoperative
quality of life. We retrospectively examined the survival
of patients treated by an autonomic nerve-preserving
gastrectomy in comparison to the survival of the patients
treated by a conventional gastrectomy.

Methods. The survival of 385 patients treated by an
autonomic nerve-preserving gastrectomy for clinical
early gastric cancer {the ANP group) was compared
with that of 285 patients treated by a conventional gas-
trectomy (non-ANP group).

Results. Among the ANP group, the numbers of patients
with tumor invasion to the mucosa, submucosa, and
muscularis propria were 210, 166, and 9, respectively,
whereas the numbers of patients with lymph node
metastasis grades of N0, N1, and N2 were 360, 21, and
4, respectively. The overall 5-year survival rate of the
ANP group was 94.7%, which was superior to that of
the non-ANP group (90.4%; P = 0.003). The 5-year
survival rates of patients with lymph node metastasis
were 94.9% and 91.8% in the ANP and non-ANP
groups, respectively (P = 0.733). Only 3 patients in the
ANP group died from gastric cancer.

Conclusions. The survival of patients treated by an
autonomic nerve-preserving gastrectomy was equiva-
lent to that of patients treated by a conventional
gastrectomy, thus suggesting that an autonomic nerve-
preserving gastrectomy could be a useful procedure for
the treatment of early gastric cancer.

Key words Gastric cancer + Gastrectomy - Autonomic
nerve preservation - Survival
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Introduction

Function-preserving surgery for early gastric cancer is
now widely performed in Japan.' There are various
types of function-preserving operations, including those
involving a reduced extent of gastrectomy, autonomic
nerve preservation, sphincter preservation, and forma-
tion of a neostomach.’ Because the preservation of the
vagus nerve has been demonstrated to improve the
postoperative quality of life in patients who undergo
either a vagotomy and/or gastrectomy,”* we have per-
formed an autonomic nerve-preserving gastrectomy for
early gastric cancer since December 1994. Although
autonomic nerve preservation has been considered to
maintain the curability of patients,'*"* the long-term sur-
vival rate after an autonomic nerve-preserving gastrec-
tomy has not been fully assessed to date. We
retrospectively examined the survival of patients after
an autonomic nerve-preserving gastrectomy for early
gastric cancer.

Patients and Methods

Between December 1994 and July 2003, 385 patients
were treated by an autonomic nerve-preserving gastrec-
tomy for clinical early gastric cancer at our institute
(ANP group). The indications for this operation
included tumor invasion into the mucosal or submuco-
sal layer (T1), and the absence of lymph node involve-
ment and distant metastases according to clinical and
surgical findings (NO/MO0). All patients underwent gas-
trointestinal fiberscopy, a gastrointestinal series, and
computed tomography for the preoperative evaluation.
If regional lymph node metastasis was suspected by the
intraoperative findings, a frozen-section analysis of the
lymph node was performed and the patients with posi-
tive nodes were excluded from the study. With regard
to the specific procedures, a distal gastrectomy was
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performed in 210 cases, a proximal gastrectomy was
performed in 31 cases, a total gastrectomy was per-
formed in 17 cases, and a pylorus-preserving gastrec-
tomy was performed in 127 cases. Ten patients were
treated by laparoscopy-assisted surgery. Lymph node
dissection was performed for D1+o., D1+ or D2, where
o refers to lymph nodes 7 and 8a in cases of lower third
cancer, and [ refers to lymph nodes 7, 8a, and 9. Cases
with local and segmental resection and lymph node dis-
section less than D1 were excluded. Staging and classi-
fication were determined according to the general rules
for surgical and pathological gastric cancer studies in
Japan." The control group was 285 patients treated by
a conventional gastrectomy for early gastric cancer
based on their clinical stages between 1991 and 1998
(non-ANP group), because we began performing an
autonomic nerve-preserving gastrectomy in 1994 and
have performed this procedure for almost all patients
with a clinical T1 NO MO stage after 1999.

Operative Procedure

The preserved autonomic nerves included the hepatic
branch originating from the anterior trunk of the vagus
nerve and the celiac branch, the plexus surrounding the
common hepatic artery and the splenic artery, and the
pancreatic branch and the hepatic branch originating
from the posterior trunk of the vagus nerve. The celiac
branch was followed upward from the root of the left
gastric artery or downward from the posterior trunk of
the vagus nerve, taped, and preserved. The left gastric
artery was divided at the peripheral side of the conflu-
ence of the celiac branch (Fig. 1).

Esophagus

posterior trunk of
the vagus nerve |

’I\\ posterior gastric branch
N

1 IS left gastric artery
plexus surrounding

the splenic artery

. pancreatic branch

VNVYAyY A v 1\

Fig. 1. Preserved autonomic nerves and cutting lines (double
lines) for the left gastric artery and the posterior gastric
branches
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Statistical Analysis

The clinicopathological features and survival rates of
the ANP group were compared with those of the
non-ANP group. The median follow-up time was 5.7
years. Statistical analyses were conducted using the
Statcel version 2.0 software program (OMS, Tokyo.
Japan). Statistically significant differences were deter-
mined using the %’ test or Student’s t-test. The survival
rates were calculated using the Kaplan-Meier method
and the log-rank test. The level of significance was set
at P < 0.05.

Results

Clinicopathological Features

Table 1 shows the clinicopathological data for both
groups. Fewer patients in the ANP group were treated
by a total gastrectomy in comparison to the non-ANP
group. In the histological analyses, the numbers of
patients with tumor invasion to the mucosa, submucosa,
muscularis propria, and subserosa were 210, 166, 9, and
0 in the ANP group and 166, 98, 15, and 6 in the
non-ANP group, respectively. Although the non-ANP
group contained significantly more patients with tumors
exhibiting deeper invasion than the ANP group, the
extent of lymph node metastasis and tumor staging were
similar in the two groups. The number of dissected
lymph nodes was greater in the ANP group than in the
non-ANP group. In the ANP group, the number of
patients with lymph node metastasis was 25 (6.5%) and
the number of patients over stage T1 NO MO was 32
(8.3%).

Survival

The overall 5-year survival rates were 94.7% in the
ANP group and 90.4% in the non-ANP group (P =
0.003) (Fig. 2). The S-year survival rates of patients at
stages IA, IB, and II were 94.8%, 96.2%, and 83.3%
in the ANP group, and 89.5%, 96.2%, and 83.3% in
the non-ANP group, respectively (Fig. 3). The survival
rate in the ANP group was superior to that in the
non-ANP group for stage [A (£ =0.003). Because there
was no significant difference in the disease-specific
survival rates for stage 1A (99.7% vs 98.5%, P = 0.571,
Fig. 4), the difference in the survival rates of the
stage 1A patients between the ANP and non-ANP
groups may have been caused by death from other
diseases. In contrast, the 5-year survival rates of the
patients in the ANP group were 94.9% in those without
lymph node metastasis and 91.8% in those with
metastasis, respectively, with no significant difference
(Fig. 5).
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Table 1. Clinicopathological findings of patients who underwent a gastrectomy with or without the preservation of the autonomic

nerves
ANP (n = 385) Non-ANP (n = 285) P value
Age, years (range) 62.6 (25-88) 62.0 (28-85) 0.451
Sex 0.436
Male 251 194
Female 134 91
Tumor location 0.053
U EE! 31
M 244 158
L 97 96
Tumor size (mm) 27.5 283 0.579
Lymph node dissection 0.391
D1 85 71
D2 300 214
Operation method <0.001
DG 210 222
PG 31 7
TG 17 32
PPG 127 24
Depth of tumor invasion 0.001
pM 210 166
pSM 166 98
pMP 9 15
pSS 0 6
Lymph node metastasis 0.894
pNO 360 268
pN1 21 15
pN2 4 2
fStage 0.297
IA 353 251
1B 26 28
II 6 6
Histologic type 0.124
Differentiated 246 202
Undifferentiated 138 83
Unknown 1 0
Number of dissected lymph nodes (range)
All 37.8 (5-110) 32.4 (2-127) <0.001
Group2* 13.9 (0-52) 10.9 (0-72) <0.001

U, upper third; M, middle third; L, lower third; DG, distal gastrectomy; PG, proximal gastrectomy:; TG, total gastrectomy; PPG, pylorus-
preserving gastrectomy; M, mucosa and/or muscularis mucosa; SM, submucosa; MP, muscularis propria; SS, subserosa
“Group 2 lymph nodes refer to Nos. 7, 8a, 9, and 11

Although 26 patients died in the ANP group and 50  from lymph node dissection."” Many limited gastrec-
patients died in the non-ANP group, only 3 and 5 tomy techniques have been developed to reduce the
deaths, respectively, were disease-specific. Among these  incidence of postgastrectomy syndrome, including
patients, only one in each group had lymph node metas-  pylorus-preserving gastrectomy, proximal gastrectomy,
tasis (Table 2). The mortality was only one patient in  segmental gastrectomy, and local resection. The hepatic
each group. and celiac branches of the vagus nerve innervate the

region from the pylorus to the large intestine as far as
the distal portion of the transverse colon, the biliary

Discussion tract, and the other upper abdominal organs. Preserva-
tion of the vagus nerve minimizes the loss of digestive
In gastric cancer patients, there are two types of post- and absorptive functions, thereby improving recovery

gastrectomy syndrome that are classified based on their ~ of postoperative bodyweight and reducing diar-
etiology, namely, postgastrectomy syndrome from  rhea.*'"™" Furthermore, vagus nerve preservation

resection of the stomach and injury to the vagus nerve  decreases the incidence of cholelithiasis*'*'* and pre-
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Fig. 2. Survival curves of the patients who underwent a gas-
trectomy with (ANP) and without (non-ANP) the preserva-
tion of the autonomic nerves. The overall 5-year survival rates
are 94.7% in the ANP group and 90.4% in the non-ANP group
(P =0.003, log-rank test)
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Fig. 3. Survival curves for stage IA, IB, and II patients who
underwent a gastrectomy with (ANP) and without (non-ANP)
the preservation of the autonomic nerves. The survival rate in
the ANP group is superior to that in the non-ANP group for
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serves pancreatic insulin release.”"' We previously
reported the superiority of this procedure.'""

We designated our nerve-preserving procedure an
“autonomic nerve-preserving gastrectomy,” although it
has also been referred to as a vagus nerve-preserving
gastrectomy in previous reports. The reason for this
designation is that the procedure preserves the plexus
surrounding the common hepatic artery and the splenic
artery, the pancreatic branch, and the hepatic branch
originating from the posterior trunk of the vagus nerve
as well as the sympathetic nervous system from the
celiac ganglia."” It seems reasonable that the preserva-
tion of both the sympathetic and parasympathetic
nervous systems is important for maintaining the func-
tion of the upper gut after a gastrectomy.”*'

A gastrectomy with extensive nodal dissection
appears to prevent recurrence and improve cancer-
specific survival in early gastric cancer patients with

Stage IB
1 8 ANP group (n=26)
0.9 :'""i —
0.8 e
0.7 non-ANPgroup(=28)
0.6
0.5
0.4
_ 03
S 02
T o1 p=0.447
g o ¥ L) T L T 1
0 2 a 6 8 10 12
Years

stage IA (P =0.003,log-rank test). The survival rates between
the ANP and non-ANP groups do not differ significantly for
stages IB (P = 0.433, log-rank test) and II (P = 0.947, log-rank
test)
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Table 2. Patient mortality due to gastric cancer
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No. of nodal
pT pN fStage Lesion of nodal metastasis metastases Organ of recurrence
ANP group
M NO 1A — 0 Remnant stomach, liver, LN
SM NO 1A — 0 Liver
SM N2 I Nos. 1, 3,4d, 6,7, 8a,9, 11 25 Peritoneum, LN
Non-ANP group
M NO IA — 0 Brain
M NO IA — 0 Mediastinum, LN, bone
M NO IA — 0 Unknown
M NO 1A -— 0 Unknown
M N1 1B No.4d 1 Peritoneum
M, mucosa and/or muscularis mucosa; SM, submucosa; LN, lymph node
Stage lA Stage IB
ANP group (n=331) ANP group (n=25)
1 - — R 1
09 +—————————non-ANPgroup{n=211) 0.9 i
- roup (n=24
0.8 0.8 il i )
0.7 0.7
0.6 0.6
0.5 0.5
04 0.4
0.3 0.3
T 0.2 T 0.2
-2 = 'Z -
S o1 p=0.571 £ i p=0.480
S S
m o T T 3. T T L | m o T T T T T 1
0 2 4 6 8 10 12 0 2 4 6 8 10 12

Years

Fig. 4. Discase-specific survival curves for stage IA and IB
patients who underwent a gastrectomy with (ANP) and
without (non-ANP) the preservation of the autonomic nerves.
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Fig. 5. Five-year survival rates of the patients in the ANP
group are 94.9% in those without lymph node metastasis and
91.8% in those with metastasis (P = 0.733, log-rank test)

Years

The survival rates between the ANP and non-ANP groups do
not differ significantly for stages IA (P = 0.571, log-rank test)
and IB (P = 0.480, log-rank test)

nodal metastasis in comparison to a gastrectomy with a
limited lymph node dissection.” However, a recent
study reported no significant difference in the survival
rates between the standardized D2 lymphadenectomy
and the D2 plus para-aortic lymphadenectomy in gastric
cancer surgery.”** The purpose of a nerve-preserving
gastrectomy is to maintain both the postoperative
quality of life and the curability of the patient. The left
gastric artery and the common hepatic artery are envel-
oped in connective tissue, and the lymphatics along the
arteries encircle this connective tissue. The nerves are
dispersed within the connective tissue surrounding the
arteries.”™'® Therefore, an autonomic nerve-preserving
gastrectomy may provide a curative operation even for
patients with intracapsular microscopic metastases.'>'*
The number of dissected lymph nodes was actually
greater in the ANP group than in the non-ANP group
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although the dissection levels of both groups were
equal. We achieved technical improvement of the dis-
section by confirming the location of the autonomic
nerves. Although macroscopic diagnosis of lymph node
metastases is possible, a previous study found that 15 of
158 gastric cancer patients with macroscopically ncga-
tive nodes had lymph node metastases, and the false-
negative rate was 3.8%.” In the present study the
false-negative rate was 6.5%, and the survival of such
patients was same in both groups. In addition, only one
patient experienced recurrence in comparison to the
four patients who had metastasis to lymph nodes near
the celiac branch, such as No. 1 or No. 7. Therefore, our
retrospective study indicates that an autonomic nerve-
preserving gastrectomy did not reduce the patient
survival rate, even in patients with microscopic
lymph node metastases, thus suggesting that this proce-
dure can eliminate lymphatic invasion (including micro-
scopic metastases) as effectively as a conventional
gastrectomy.

This study was a retrospective analysis and therefore
had some degree of bias. Given that significantly more
patients in the non-ANP group had tumors with histo-
logically greater invasion, the surgeons may have
selected a conventional gastrectomy when advanced
cases were suspected based on intraoperative findings.
In the present study, although the most important factor
was lymph node metastasis, no significant differences
with regard to the extent of the lymph node metastasis
and staging were observed between the two groups. A
prospective randomized trial is therefore necessary in
the future to solve and elucidate the problems identified
in our study.

In conclusion, an autonomic nerve-preserving gas-
trectomy did not reduce the survival of patients with
early gastric cancer as compared with a conventional
gastrectomy. Therefore, an autonomic nerve-preserving
gastrectomy appears to be a useful function-preserving
procedure for the treatment of clinical early gastric
cancer. In addition, we recently started to perform a
laparoscopy-assisted autonomic nerve-preserving gas-
trectomy,” and this method is expected to be both a
function-preserving and minimally invasive treatment
modality.
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Abstract

Background 1t is well known that carbon dioxide (CO,) is
absorbed faster in the body than air and also that it is
rapidly excreted through respiration. This study aimed to
investigate the safety of CO, insufflation used for esoph-
ageal and gastric endoscopic submucosal dissection (ESD)
in patients under deep sedation.

Methods Patients with either early gastric or esophageal
cancers that could be resected by ESD were enrolled in this
study from March 2007 to July 2008 and randomly
assigned to undergo ESD procedures with CO, insufflation
(CO, group) or air insufflation (air group). A TOSCA
measurement system and TOSCA 500 monitor were used
to measure and monitor both transcutaneous partial pres-
sure of CO, (PtcCO,) and oxygen saturation (SpO,).
Results The study enrolled 89 patients and randomly
assigned them to a CO, group (45 patients) or an air group
(44 patients). The mean CO, group versus air group mea-
surements were as follows: PtcCO, (49.1 £ 5.0 vs. 50.1 &+
5.3 mmHg; nonsignificant difference [NS]), maximum
PtcCO; (55.1 £ 6.5 vs. 56.8 £ 7.0 mmHg; NS), PtcCO,
elevation (9.1 £ 5.4 vs. 11.4 + 5.6 mmHg; p = 0.054),
Sp0, (99.0 £ 0.7% vs. 99.0 £ 1.0%; NS), minimum SpO,
(96.5 £ 2.4% vs. 954 + 3.3%; p = 0.085), and SpO,
depression (2.4 + 2.3% vs. 3.3 + 2.9%; NS). The PtcCO,
and SpO, measurements were similar in the two groups,
but the CO, group was better than the air group in PtcCO,
elevation and minimum SpO,.
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Conclusions The findings demonstrated CO, insufflation
to be as safe as air insufflation for upper gastrointestinal
tract ESDs performed for patients under deep sedation
without evidencing any adverse effects.

Keywords Carbon dioxide insufflation - Deep sedation -
Endoscopic submucosal dissection - Transcutaneous partial
pressure of carbon dioxide - Upper gastrointestinal tract

Several recent studies investigating colonoscopy and
endoscopic retrograde cholangiopancreatography (ERCP)
have reported that carbon dioxide (CO,) insufflation
reduces abdominal pain and discomfort caused by bowel
hyperextension and can be used as safely as air insufflation
[1-6]. It is well known that CO, is absorbed faster in the
body than air and that it also is rapidly excreted through
respiration unless some type of pulmonary dysfunction
exists [1, 2]. To date, almost all endoscopic procedures
have been performed using air insufflation, although it has
led to some problems of abdominal pain and discomfort in
routine examinations and perforation-related subcutaneous
or mediastinal emphysema and pneumoperitoneum in
endoscopic treatments [7, 8].

With the relatively recent development and increasingly
widespread use of endoscopic submucosal dissection
(ESD) as a minimally invasive treatment, performance of
ESD for early gastrointestinal (GI) neoplasm in the
esophagus, stomach, and colorectum has increased dra-
matically [9-16]. Quite naturally, the number of compli-
cations also has increased as a direct result, including
perforations that occur during the technically difficult ESD
procedure itself and the delayed bleeding experienced
afterward [7, 8, 14, 17, 18]. In fact, the reported ESD
perforation rate is 7% for cases involving the esophagus,
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4% for cases involving the stomach, and 5% for cases
involving the colorectum [10, 14, 15]. Perforation can
cause peritonitis and mediastinitis, and possibly also
thromboembolism due to blood flow congestion (com-
partment syndrome) when significant pneumatic leakage
results in excess internal pressure [19-24]. It is anticipated
that such associated problems will be minimized by further
use of CO, insufflation.

Colonoscopy with conscious sedation and the use of
CO; insufflation has become more generally accepted since
the demonstration of the safety and effectiveness of CO,
insufflation in a previously published reported [5]. We
previously conducted a case—control study that showed
CO, insufflation to be both safe and effective for colorectal
ESD with conscious sedation [25]. However, the safety of
CO, insufflation has not been established for upper GI tract
endoscopic treatment such as ESD with deep sedation in
which CO, retention and decreased oxygenation are more
important factors than in colonoscopy performed with
conscious sedation.

This study aimed to investigate the safety of CO,
insufflation for esophageal and gastric ESDs with deep
sedation. Both operations are lengthy procedures.

Materials and methods
Patients

We prospectively assessed the safety of CO, insufflation
for upper GI tract ESDs performed with the patient under
deep sedation compared with air insufflation from March
2007 to July 2008 at the National Cancer Center Hospital
(NCCH) in Tokyo, Japan. The study enrolled 89 patients
with either early gastric or esophageal cancer that could be
resected by ESD and randomly assigned them to undergo
ESD procedures with CO, insufflation (CO, group) or air
insufflation (air group).

The study excluded patients with severe pulmonary dis-
ease including either chronic obstructive pulmonary disease
(COPD) or disease resulting in less than 80% of vital capacity
(%VC) or less than 70% of the forced expiratory volume in
1 s as a percentage of the forced vital capacity (FEV1%),
patients with severe cardiovascular disease including
NYHA III or IV heart failure or arrhythmia with any treat-
ment history, patients with hepatic or renal dysfunction, and
patients with a change in insufflation methods from CO, to
air or from air to CO, for any reason during their ESDs.

Endoscopic procedures

All ESD procedures were performed with Olympus video
endoscopes and a standard videoendoscope system (EVIS
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LUCERA; Olympus Optical Co., Ltd., Tokyo, Japan). For
ESD procedures, an insulation-tipped diathermic knife
(IT-knife; Olympus) was used from March to October 2007
and an improved IT-knife (IT-knife 2; Olympus) from
November 2007 to July 2008 [11, 26, 27].

First, marking dots were made around the lesion using a
needleknife (Olympus). This was followed by injection of
diluted epinephrine with normal saline (1:200,000) to lift
the submucosal layer and allow the tip of the IT-knife or
IT-knife 2 to be inserted into the submucosal layer. A small
initial incision then was made by a needleknife, and a
complete circumferential mucosal incision around the
periphery of the marking dots was performed with the
IT-knife or IT-knife 2. After an additional submucosal
injection, the submucosal layer beneath the lesion was
directly dissected using the same IT-knife or IT-knife 2.

Although all ESDs were generally performed in this
manner, we sometimes used not only other devices such as
an argon plasma coagulation probe for the marking dots
and a bipolar needleknife (B-knife; XEMEX Co., Tokyo,
Japan) for the initial incision and submucosal dissection
[15, 28], but also another injection solution, sodium hyal-
uronate (MucoUp; Johnson & Johnson Co., Ltd., Tokyo,
Japan) diluted with normal saline (1:1), especially for
esophageal ESDs [12, 29-31]. The final objective was to
achieve successful en bloc resections for precise pathologic
evaluations.

Patients received midazolam, propofol, or both for
deep sedation, and oxygen (O,) was administered nasally
(2 /min) during ESD. Initially, 3-5 mg of midazolam was
used for induction of venous anesthesia, with an additional
1-3 mg given repeatedly as necessary based on the judg-
ment of the individual endoscopist. Propofol was admin-
istered initially at a dosage of 20 mg for induction, with
another 0.1-0.5 mg/kg/h given continuously for mainte-
nance depending on the condition of the patient.

CO, insufflation and transcutaneous measurements

A CO, regulator prototype (Olympus) connected to a CO,
bottle was used for CO, insufflation until the Olympus
UCR (Fig. 1) became commercially available in Japan in
May 2008 [25]. During the procedure, CO, insufflation was
set at a constant rate of 1.2 I/min, which is a moderate
level. In upper GI endoscopy, the UCR has three insuf-
flation levels, which can be controlled by the use of three
types of connecting tubes. These insufflation amounts are
almost equivalent to the original three regulation levels of
the EVIS LUCERA (Olympus).

Measurement of the arterial partial pressure of CO,
(partial pressure of carbon dioxide [PCO,] and arterial
partial pressure of carbon dioxide [PaCO5)) is an invasive,
intermittent, and unpleasant process widely used for
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Fig. 1 UCR (CO, regulator). The UCR in upper gastrointestinal
endoscopy has three levels of insufflation which can be controlled by
using three types of connecting tubes. These amounts of insufflation
are almost equivalent to the original three regulation levels of the
EVIS LUCERA

Fig. 2 The TOSCA measurement system and TOSCA 500 monitor, a
noninvasive and continuous monitoring device for transcutaneous
partial pressure of carbon dioxide (PtcCO,) that takes measurements
using a sensor attached by a low-pressure clip to the patient’s earlobe

various patients as the gold standard, but determining the
variation of PaCO, during ESD using CO, insufflation has
proved to be quite difficult.

In this study, a TOSCA measurement system and
TOSCA 500 monitor (Linde Medical Sensors, Basel,
Switzerland) (Fig. 2) was used to measure and monitor
both transcutaneous partial pressure of CO, (PtcCO,) and
oxygen saturation (SpO,). This system, which takes mea-
surements using a sensor attached by a low-pressure clip to
the patient’s earlobe, is a noninvasive, continuous, trend-
monitoring device for PtcCO, reported in several studies to
provide general agreement between PtcCO, and PaCO,
measurements [32-37]. We used a default temperature
setting of 42°C for the earlobe sensor and recalibrated
the TOSCA system to minimize the possibility of

measurement error before each ESD. Procedure time was
measured from endoscope insertion to its completed
withdrawal after ESD, with PtcCO, and SpO, recorded

every 3 s for both groups using the TOSCA system.
Statistical analysis

All variables in this study were described in terms of
mean =+ standard deviation as well as median and range.
We used chi-square and 7-tests to compare baseline char-
acteristics and measurements between the two groups. All
statistical analyses were performed using the SAS Statis-
tical Package (SAS Institute, Tokyo, Japan), and a p value
less than 0.05 was considered statistically significant.

Ethics

The ethics committee at NCCH approved the study pro-
tocol, and written informed consent was obtained from all
patients before they were enrolled in the study.

Results

No significant differences in patient characteristics
between the two groups were observed (Table 1). The CO,
group study consisted of 45 patients (39 men and 6 women)
with 52 lesions. These 45 patients (involving 15 esophageal
and 30 gastric ESD cases) had a mean age of
68.5 £+ 8.8 years (range, 50-84 years). The air group
consisted of 44 patients (38 men and 6 women) with 51
lesions. These 44 patients (involving 12 esophageal and 32
gastric ESD cases) had a mean age of 67.6 & 8.0 years
(range, 43-84 years).

The macroscopic types of tumors included 13 elevated
lesions, 32 flat and depressed lesions, 6 combined lesions,
and 1 residual lesion in the CO, group and 11 elevated
lesions, 34 flat and depressed lesions, 5 combined lesions,
and | residual lesion in the air group (nonsignificant dif-
ference [NS]). In the CO, group, the median size of the
tumors, determined histopathologically, was 13 mm
(range, 5-60 mm), and the 35 adenocarcinomas included 2
Barrett’s carcinomas, 15 squamous cell carcinomas
(SCCs), and 2 adenomas. The median size of the tumors in
the air group was 19 mm (range, 5-55 mm), and the 37
adenocarcinomas included 2 Barrett’s carcinomas, 13
SCCs, and 1 adenoma. The difference between the two
groups was not significant. The median specimen size was
35 mm (range, 20-75 mm) in the CO, group and 35 mm
(range, 20-68 mm) in the air group (NS). The median
procedure time was 115 min (range, 30-575 min) in the
CO, group and 96 min (range, 38-309) in the air group
(NS). Midazolam was received by 30 patients at a median
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Table 1 Patient characteristics

CO; (n) Air (n) p Value

Patients/lesions 45/52 44/51
Mean age (years) 68.5 + 8.8 67.6 + 8.0 NS
Male/female 39/6 38/6 NS
Esophagus/stomach 15/30 12/32 NS
Macroscopic type

Elevated 13 11

Flat and depressed 32 34

Combined 6 5

Residual 1 NS
Histopathologic type

SCC 15 13

Adenocarcinoma 35 37

Adenoma 2 1 NS
Median tumor size: mm (range) 13 (5-60) 19 (5-55) NS
Median specimen size: mm (range) 35 (20-75) 35 (20-68) NS
Median procedure time: min (range) 115 (30-575) 90 (38-309) NS
Perforations 3 0 NS
Patients receiving midazolam 30 31 NS
Patients receiving propofol 15 13 NS

CQ; carbon dioxide, NS not Dosage of midazolam: mg (range) 12 (5-20) 12 (4-23) NS
significant, SCC squamous cell Dosage of propofol: mg (range) 640 (130-2460) 370 (180-1116) NS

carcinoma

dosage of 12 mg (range, 5-20 mg) in the CO; group and
by 31 patients at a median dosage of 12 mg (range, 4—
23 mg) in the air group (NS), and propofol was received by
15 patients at a median dosage of 640 mg (range, 130-
2,460 mg) in the CO, group and by 13 patients at a median
dosage of 370 mg (range, 180~1,116) in the air group (NS).
All the tumors were resected en bloc by ESD except in
one esophageal case in the air group, In this case, the
patient’s main lesion was resected en bloc by ESD, whereas
another smaller synchronous lesion was treated by using
endoscopic mucosal resection (EMR) with a cap-fitted
panendoscope, resulting in a piecemeal resection [38].

Measurements of PtcCO, and SpO,

The mean CO, group versus air group measurements were
as follows: PtcCO, (49.1 £ 5.0 vs. 50.1 & 5.3 mmHg;
NS), maximum PtcCQO; (55.1 £ 6.5 vs. 56.8 &+ 7.0 mmHg;
NS), PtcCO, elevation (9.1 &+ 5.4 vs. 11.4 £+ 5.6 mmHg;
p = 0.054), SpO, (99.0 £ 0.7% vs. 99.0 £ 1.0%; NS),
minimum SpO, (965 £ 2.4% vs. 954 £33%; p=
0.085), and SpO, depression (2.4 + 2.3% vs, 3.3 + 2.9%;
NS) (Table 2; Fig. 3A-F). The PtcCO, and SpO, mea-
surements were similar in the two groups, but in PtcCO,
elevation and minimum SpO,, the CO, group was better
than the air group.

The patient characteristics did not differ significantly
between the two groups when esophageal and gastric ESD
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Table 2 Transcutaneous partial pressure of carbon dioxide (PtcCO,)
and oxygen saturation (SpO;) measurements

CO, Air p Value
Mean PicCO, (mmHg) 49.1 £50 S50.1 £53 NS
Maximum PtcCO, (mmHg) 55.1 £65 568 +7.0 NS
PtcCO, elevation (mmHg) 9.1+54 114+56 0054
Mean SpO, (%) 990+ 07 990+1.0 NS
Minimum SpO, (%) 96.5 +24 954 +33 0085
SpO; depression (%) 24 +£23 33+£29 NS

NS not significant

cases were considered separately, nor did the PtcCO, and
SpO, measurements differ significantly between the two
groups when only esophageal ESD cases were considered.
The CO; group versus air group measurements in gastric
ESD cases were as follows: PtcCQO, elevation (8.0 £+ 5.2
vs. 10.8 £ 5.7 mmHg; p = 0.049) and SpO, depression
(1.9 £ 1.8% vs. 2.8 £ 2.5%; p = 0.087). Although the
PtcCO; and SpO, measurements again were similar for the
two groups, when only gastric ESD cases were considered,
the CO, group was better than the air group in PtcCO,
elevation and SpO, depression.

Five CO, group patients and five air group patients
experienced a maximum PtcCO, exceeding 60 mmHg that
continued for more than 5 min (NS). The median duration
time was 12 min (range, 6-166 min) for the CO, group and
35 min (range, 10-148 min) for the air group (NS). The




