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diagnosis of small colorectal polyps.

Surg Endosc. 29(4):844-50, 2015 Apr.

Abe S, Oda I, Nakajima T, Suzuki H,
Nonaka S, Yoshinaga S, Sekine S,
Taniguchi H, Kushima R, Iwasa S,
Saito Y, Katai H: A case of local

recurrence and distant metastasis

following curative endoscopic
submucosal dissection of early
gastric cancer. Gastric Cancer.

18(1):188-92, 2015.

Watanabe T, Itabashi M, Shimada Y,
S, Ito Y, Ajioka Y,
Hamaguchi T, Hyodo I, Igarashi M,
Ishida H, Ishihara S, Ishiguro M,

Tanaka



23.

24.

25.

26.

Kanemitsu Y, Kokudo N, Muro K,
Ochiai A, Oguchi M, Ohkura Y, Saito
Y, Sakai Y, Ueno H, Yoshino T, Boku
N, Fujimori T, Koinuma N, Morita T,
Nishimura G, Sakata Y, Takahashi K,

Tsuruta O, Yamaguchi T, Yoshida M, 2.

Yamaguchi N, Kotake K, Sugihara K:
Japanese Society for Cancer of the
Colon and Rectum.Japanese Society
for Cancer of the Colon and Rectum
(JSCCR)  Guidelines 2014 for

treatment of colorectal cancer. Int J

Clin Oncol. 20(2):207-39, 2015. 3.
state of the art
L ]
perspective 1(1):19-24,
2014. 4.
250
10 :969-975, 2014.
Cco,
26(10):1418-1419, 2014. 5.
INTESTINE 19 1  79-80, 2015.
Lewis B.S, Keuchel M, Wiedbrauck F,

Caselitz J, Kakugawa Y Saito Y:
Malignant Tumors, Editors; Keuchel
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»

M, Hagenmiiller F, Tajiri H, Video
Capsule Endoscopy: A Reference
Guide and Atlas, Springer-Verlag
Berlin Heiderberg, 337-358, 2014.

Saito Y:Indication for Coloredtal
ESD, Editor; Norio  Fukami,
Endoscopic Submucosal Dissection;
Principles and Practice, Springer
Science+Busines Media New York,

19-24, 2015.

10 4.

33-36 2014.10.25.

Column
5.B knife ITknife nano
ESD
EMR ESD Case
Study
171-173 2014.11.10.
EMR
ESD -
2
2 333-336
2014.10.31.

Knack



& Pitfalls 3.

Knack & Pitfalls
3
52-57 2014.11.1.

Knack &
Pitfalls
pit pattern
Knack & Pitfalls
3

58-59 2014.11.1.

Knack & Pitfalls

Knack &
Pitfalls
3 296
2014.11.1.

H24

Saito Y. The Impact of Colon Adenoma
Detection Using Narrow Band Imaging
by Back-to-Back Colonoscopy: A
Multicenter Randomized Controlled
Trial. Lecture (Oral presentation),
International Symposium on
Therapeutic Endoscopy.
2012.2.12.Convention Centre of
Chang Gung Memorial Hospital, Chiayi

( )

_49_

1) Saito Y & Yamada M as assistant for
ESD live demos. ESD Live
demonstrations. 2) Saito Y. The
endoscopic diagnosis and treatment
of early colon cancer. Lecture (Oral
presentation), The National
Symposium on Endoscopic Biopsy and
Pathology of Intestinal Disease.
2012.3.30-31. Sir Run Run Shaw
Hospital (SRRSH), Hangzhou, China.

1) Saito Y. Endoscopic Submucosal
Dissection in Colon. Lecture (Oral
presentation) at the ASGE
International Symposium: Secrets
from the Asian Masters of Endoscopy
(ASAM), 2012.5.18. 2) Saito Y.
State-of -the Art Lecture:
Endoscopic Therapy Beyond the Mucose
- invading a Third Space. Lecture
(Oral presentation) at the ASGE
Topic Forum, New Technology for the
Therapeutic Endoscopist (L3400).
2012.5.19. 3) lkematsu H, Yoda Y,
Saito Y, et al. A Large Scale
Multi-Center Study of Long-Term
Outcomes After Resection for
Submucosal Invasive Colorectal
Cancer (Colon vs. rectum). Lecture
(Oral presentation for Dr.lkematsu
Hiroaki) at the ASGE Topic Forum,
LGI: High Risk Lesions in
Colonoscopy (L6505). 2012.5.22. DDW
2012. San Diego Convention Center,
San Diego, USA.



Saito Y. 1) Endoscopic diagnosis for
superficial colorectal neoplasms
using chromoscopy and NBI. Lecture
as Faculty at Theoretical and Video
Session, EMR and ESD. 2) Live
Operative Demonstrations from the
Laboratory: EMR and ESD. 3)
Experimental Laboratory (Practice
on live tissue) EMR and ESD. 2)&3)
Live demos. International Gl
Endoscopy Techniques.2012.6.26-27,

IRCAD, Taiwan, Taichung, Taiwan.

Saito Y. The Latest Progress in
Endoscopic Treatment of Colorectal
Adenoma and Carcinoma. Lecture(Oral
presentation). The 5th Shanghai
Xinhua International Summit Forum of
Colorectal Surgery. 2012.6.30.
Xinhua Hospital Affiliated to
Shanghai Jiao Tong University School

of Medicine, Shanghai, China.

Saito Y. Gl Endoscopy. Lecture(Oral
presentation). Joint Conference of
Oncology 2012, organized by Faculty
of Medicine, Ramathibodi Hospital,
Mahidol University. 2012.7.16.

Shangri La Hotel, Bangkok, Thailand.

Saito Y. 1) Endoscopic diagnosis and

treatment for colorectal neoplasias.

Lecture (Oral presentation). 2) Live
Demonstrations for ESD. Live Demos.
The 1st National Digestive Endoscopy
Conference. 2012.7.28. Melia Hotel,

_50_

10.

Hanoi. Hanoi, Vietnam.

1) Saito Y. Detection and endoscopic
resection (EMR/ESD) of colonic
neoplasias. Lecture (Oral
presentation). 2) Saito Y and
Haruyama S as assistant for ESD live
demos. Live Demonstrations for ESD.
40 REUNION NACIONAL DE ENDOSCOPIA
GASTROINTESTINAL EXCELENCIA,
CIENCIA Y TRADICION, MERIDA 2012.
2012.9.12-16. Centro de
Convenciones Yucatan Siglo XXI,

Mexico City, Mexico.

Saito Y. How to detect non-polypoid
colonic polyps. Lecture (Oral
presentation). 2)&3) Saito Y and Abe
S as assistant for ESD live demos. 2)
Live Demonstrations of ESD for
colonic legions. 3) Hands on session
of Colon Capsule Endoscopy Course.
2)&3) Live Demos. Advances on
Diagnostic and Therapeutic
Colonoscopy. 2012.9. 27-29. Queen
Mary Hospital and Faculty of
Medicine, University of Hong Kong.

Hong Kong, China.

1) Saito Y. Cancer in a Colonic
Polyp: When is Endoscopic Resection
Sufficient? Lecture (Oral
presentation). 2) Saito Y and Yamada
M as assistant for ESD live demos.
Live Demonstrations of ESD for

colonic lesions. Twenty-Fifth



11.

12.

International Course on Therapeutic
Endoscopy.2012.10.3-5. Royal York

Hotel, Toronto, Canada.

Saito Y. Risk Factor Analysis for
Recurrence after Treatment of
Submucosal Invasive Colorectal
Cancer - Large-Scale Multi-Center
Study of Long-Term Qutcomes. Lecture
(Oral presentation)at Free paper
session (FP-57) of Scientific
Programme, Session title: Prognosis
and treatment of colorectal cancer.
UEGW 2012 , 2012.10.24. Amsterdam
RAI, Amsterdam, The Netherlands.

1)~3) Saito Y. Lectures (Oral
Presentation), 1) The "difficult "
ESD., at Session I, Video Course: ESD
Experiences at the NCCH. 2) Japanese
guidelines and NCCH protocol. 3)
Colonic ESD for en Bloc Resection:
Indications and Results. 2)~3) at
Session 11, The Curative Endoscopic
Resection. 4) Saito Y and Nakajima T
as assistant for ESD live demos. Live
Demonstrations of ESD for colonic
lesions. Live Demos. Innovations in
Digestive Endoscopy, Surgery and
Biomedical Engineering "Curative
Endoscopic Resection of Superficial
Neoplastic Colorectal Lesions'.
2012.10.26-27. 1)~3) Fondasione
Europea DRAGAN, 4) Palazzo Chigi,

Ariccia. Rome, Italy.
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13.

14.

15.

1) Saito Y. Dealing of difficult
colonoscopy and polypectomy/post
(malignant) polypectomy. Moderator
at the Meet the Experts: E. 2) Saito
Y and Takamaru H as assistant for ESD
live demos. Live Demonstrations of
ESD for colonic lesions. Live demos
at Endoscopy Live Demo Workshop for
Lower Gl and Small bowel. Asian
Pacific Digestive Week (APDW) 2012,
2012.12.5-8. Queen Sirkit National
Convention Center, Bangkok,
Thailand.

Saito Y. EMR/ESD Techniques for
preventing recurrences and Post
Procedural complications. Lecture
(Oral Presentation) at APDW 2012
Lunchtime Seminar. Asian Pacific
Digestive Week (APDW) 2012,
2012.12.8.
Convention Center, Bangkok,
Thailand.

Queen Sirkit National

1) Saito Y. Endoscopic Diagnosis and
Treatment for Superficial Colonic
Neoplasms. Lecture (Oral
Presentation) at Didactic Lectures.
2) Saito Y and Abe S as assistant for
ESD live demos.Live Demonstrations
of ESD for colonic lesions. 27th
International Workshop on
Therapeutic Endoscopy.
2012.12.11-13.
School of Public Health Building,

Shaw Auditorium,

Prince of Wales Hospital, Hong Kong,



China.

3 83
16. 2012.5.12.
- LST-G
2012.1.7. 23.
ANA - Up-to-date-
17. EMR/ESD 2012.5.13.
2012.1.15.
18. - 24.
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31
Gl 2012.2.1. 2012.5.14.
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25.
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27.
Medico"sHirata Gl New Device 24
Meeting 2012.4.27. 2012.7.22.
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30.

31.

32.

33.

34.

HALL

5

2012.7.29.THE GRAND

14 Endoscopy Forum
Japan(EFJ)2012.8.4.

2012.8.23.
1
( D)
1))
Next Magazine vol .6
2012.8.24.
-ESD
- 15
2012.9.8.
-NBI ESD-
2012.9.21.

<<
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35.

36.

37.

38.

39.

>> 2 84

2012.10.12.

2012.10.13.

ESD-

10 Advanced Endoscope
Conference 2012.10.31.

-ESD-
- 8

GIl-Endoscopy 2012.11.1.

ESD-
9  Young
Seminar 2012.11.9.
F

Endoscopist

32
2012.11.10.



H25

1) & 2) Saito Y, 3) Saito Y and
Nakamura K as assistant for ESD live
demos. 1) Endoscopic treatment of T1
carcinoma: criteria and methods. 2)
Resection of colorectal neoplasia:
cold-and hot snares, EMR, ESD. 3)
Live Demonstrations. 1) Lecture at
the Mini symposium: Challenges for
endoscopic management of colorectal
neoplasia. Oral presentation.2)
Debates at the Breakout sessions,
Oral

presentation.3) Moderator and Live

"Snack with the Experts".
demos at the Mini-Symposium,
15th
Dusseldorf International Endoscopy
Feb, 2013,

Dusseldorf,

Live-Demonstrations 1v.

Symposium, 15t - 2
Maritim Hotel

Dusseldorf, Germany.

Saito Y. Decision making in Early
Gastric cancer. Session 9 - Guest
Oral
Endoscopy Update Course-Quality,

Safety & the Team in Endoscopy, 20"

Lectures, Presentation.

Mar, 2013, All Nations Centre
Cardiff, Cardiff, UK.
Saito Y. 1) Colorectal ESD or

Laparoscopic Surgery in the Proximal

Colon. 2) Setting Standards in
Therapeutic Endoscopy. 3) Large
Rectal Polyps - ESD. 4)

_54_

Complex/Difficult Lower GI Cases. 5)
Hands on Stations, ESD. 1) Lecture at
the Session 6 - Controversies in the
Lower Gl Tract. 2) Debates at the
Session 8 -  Panel Discussion &
Audience Interaction. 3) Lecture at
Focused Video
Tips. 4)
Chair at the Session 3 - Clinical

Case Conference - MDT. 5) Live at the

the Session 2 -

Tutorials & Technical

Session 4 - Post Lunch Breakout
Sessions, Breakout Meet The Experts
Sessions & Hands On Stations. 1), 2)
& 3) Oral Presentations. 4) Chair. 5)
Live demonstration. Advanced
Endoscopy Symposium, 21t - 22" Mar,
2013, All Nations Centre Cardiff,

Cardiff, UK.

Saito Y.
Colonoscopy. 2) Perforations During

1) Advanced Therapeutic

Colonoscopy.
the ASGE Hands-On Workshop Session.
2) Lecture at the ASGE Clinical

1) Demonstrations at

Symposium, Perforations and
Fistulae:
Them?, Oral presentation. DDW 2013,

18t -20%" May, 2013, Orange County

How Should You Manage

Convention Center, Orlando, FL, USA.

Saito Y. 1) How to become a Master in
Colorectal Polyp Resection. 2)
Principles of Colorectal Endoscopic

(ESD). 1)
with the Gl

presentations.2)

Submucosal Dissection
"Meet the Professor"

Fellows, Oral



6.

Master Endoscopist Grand Rounds,
UAB
Distinguished Faculty Congress for
UAB
Endoscopist Award, 23" May, 2013,
University of Alabama at Birmingham
(UAB) Medical Center, Birmingham, AL,
USA.

Oral presentations.

Basil Hirschowitz master

Saito Y. 1) Traction of effective
dissection: adjunctive methods are
required. 2) Moderator for GIF:
ESD/EMR Forum 11. 3) Moderator for
LGS-1V: Urgent Issues in Colon: When
Do We Need Urgent colonoscopy? 4)
for easier

Adjunctive methods

colorectal ESD: Sinker, specialized
1
Colorectal ESD at the Session,
LGS-11. 2) Video Lecture. 3) Session.
4) Lecture at the Session, LGS V:
Better

clip, and others. Debates on

Tips and tricks for
Endoscopic Treatment of Colorectal
Tumors.
2) & 3) Moderator. IDEN 2013 with the
12th KJSGE, 8" - 9*" June, 2013, Grand

Hilton Seoul, Seoul, Korea.

1) & 4) Oral presentations.

1) & 3) 2)
1
ESD
LST
10
2
3 ESD

1)&3) 2)

_55_

8.

9.

10.

2013.7.29-30

Saito Y. 1) How to perform submucosal

resection and its potential. 2) How

to improve detection and
characterization of early
colorectal neoplasms. 1)&2)

Lectures at Module 1: Colon cancer:
"The best treatment for complex
polyps™.1)&2) Oral

Latin American Symposium, ENDOSUR
2013, 20th Aug, 2013, Marriott Hotel,
Santiago, Chile.

Presentations.

Saito Y. Image-Enhanced Endoscopy
(IEE) in Japan. Lecture at
WEO/A-PSDE/JGES, "Advanced

Diagnosis Endoscopy Course (ADEC):
Lower GI". Oral Presentation. GASTRO
2013 APDW/WCOG SHANGHAI, 23rd Sept,
2013, EXPO
Shanghai, China.

Convention Center,

Saito Y. 1) Live Endoscopy.

2)
Screening strategies in the East. 3)
Endoscopic treatment of dysplasia in
IBD. 1) 3 Live Demonstrations at the
2)
"East

UEG Week Live Demo experts.

Lecture at the Symposium,



11.

12.

meets West: Colorectal cancer

screening”. 3) Lecture as expert at

the Lunch Session. 1) Live
demonstrations, transmission Tfrom
the Sana  Klinikum.  2)&3)Oral
presentations. UEGW 2013, 15th-16th
Oct, 2013, ICC Berlin, Berlin,
Germany.

Saito Y. 1) Introduction of training
program in Japan. 2) Colorectal ESD:
Oncologically safe? 3) Moderator at
the Oral Presentation Session
1 Lower GI. 1) Lecture at the Session
IV "Colorectal ESD: Learning from
Masters™. 2) Lecture at the Debate
Session Il "Beyond Absolute Criteria
of 3)
Moderator at the Oral Presentation
Session 1 Lower GI. 1) & 2) Oral
presentations. 3) Moderator. The 7th
of the of
Gastrointestinal Intervention (SGI)
2013, 25th-26th Oct, 2013, Sheraton
Grande Walkerhill

Korea.

Endoscopic  resection™.

Meeting Society

Seoul, Seoul,

1) Saito Y. and Abe S. as assistant
for ESD Live demos. 2) Saito Y. 1)
2) What 1is the gold
the

Endoscopy Live.

standard for mucosa and
submucosa? 1) Live demos. 2) Lecture
at Endo Arena: High-endo endoscopy
or histology. Oral
ENDO CLUB NORD. 1st-2nd Nov, 2013,

Congress Center Hamburg,

presentation.

Hamburg,

_56_

13.

14.

15.

Germany.

1) Saito Y. and Yamada M.

assistant for

as

2)

and

ESD Live demos.
Saito Y. 1) Colonic ESD

Therapeutic endoscopy. 2) Colonic
ESD. 1) Live demos. 2) Lecture at

State-of-the Art Lecture Oral
presentation. 17th Digestive
Endoscopy Course. 8th Nov, 2013,

Minimal Access Surgery Training

Centre, Hong Kong, China.

Saito Y. 1) Japan experiences with
2)
Discussion with Asian neighbors. 1)
For the

colonoscopy screening.
Lecture at the Session I1I:
Better CRC Screening Program in Asia.
1i:

Revision of Korean CRC Screening

2) Panelist at the Session

Guideline; Issues and Evidences. 1)

Oral presentation. 2) Panelist.

Colorectal Tumor Research Group
Workshop. 4"-5% Jan, 2014, Alpensia
Resort, Pyeongchang, Korea.

Saito Y. 1) EAES
Conference on Early Rectal Cancer.
2) ESD:

Dissection;

Consensus
Endoscopic  Submucosal
Indications, Technique
and Results. 1) Panelist as one of
the selected expert. 2) Lecture and
Live demo. 1) Oral Presentation and
discussion. 2) Oral Presentation and
Live demo. European Association for
Endoscopic Surgery (EAES) Consensus



16.

17.

Conference on Early Rectal Cancer.
3 - 4% Mar, 2014, University of 19. EMR/ESD
Torino, Torino, Italy. 26
2013/7/21
1) & 2) Saito Y. 3) Saito Y. & Otake
Y. as assistant for ESD Live demos.

1) Working in the famous National 20. -
Cancer Centre, Tokyo! 2) EMR vs ESD -

for colonic polyps, when and how?

Japanese perspective. 3) Live

demonstrations. 1) Lecture at 2013/8/17

Workshop Dinner, Special Dinner

Lectures: 2) Lecture. 3) Live demos.

1) 2) Oral Presentation. 2) Live 21. JDDW2013
demos. ENDOSCOPY 2014, 29th -30th 2013/10/12
Mar, 2014, University of Malaya 1
Medical Centre, Kuala Lumpur,
Malaysia.
2.
- 39
_ - 2013/11/9
- 4
9 H26
2013/ 1/ 26
1. Saito Y: ESD for Colon. Panelist at
B SAGES/JSES Panel: Endoscopic
Submucosal Dissection (ESD) - When
18. _ Technical tips for success in Will We catch Up With Our Japanese
advanced therapeutic Colleagues? Oral Presentation and
colonoscopy-Current ESD indications discussion. SAGES 2014,4th
and latest technical advances-. Apr,2014, The Salt Palace
( ) 7th Convention Center,Salt Lake City,
Colorectal Disease Symposium in UT, USA.

Tokyo 2013/ 6/ 29
2. Saito Y: ASGE World Cup of

_57_



Endoscopy. Chair at the Video Forum
(5365).Moderator  (Judge). DDW
2014, 6th May,2014, McCormick
Place, Chicago, Illinois, USA.

Saito Y: Consensus conference Early
rectal cancer. Panelist at Scientific
session. Oral
discussion,WCES-PARIS 2014, 26th
June,2014, Palais de Congres, Paris,

Presentation and

France.

Saito Y: 1) Lower gastrointestinal
bleeding. 2) Colorectal ESD. 3

ESD Live demos. 1) Lecture at
Session 4 for Internists and General
Practitioners. 2) Lecture at Session

1 for Gastroenterologists and
Gastrointestinal Surgeons. 3) Hands
on (Session I and Session II) .1) and
2)  Oral

symposium on July 5, 2014. 3)

Presentations at the
Transmission from Metropolitan
Hospital at the Athens Endoscopy
Live 2014 on dJuly 4, 2014. 2nd
Athens Symposium,
5th July, 2014, 1)&2) Athens Hilton
Hotel,
Athens, Greece.

International

3) Metropolitan Hospital,

Saito Y: 2) & 3) Saito Y and Ikezawa
N as ESD Live assistant. 1) ESD on
Lower GI tract. 2) Live endoscopy:
3) Live

Treatment. 1) Lecture.

endoscopy:
2) & 3) Live

Diagnosis.

demonstrations. 1) Oral Presentation.

_58_

2) and 3) Live demos. Endoscopic
Workshop, 10th Oct, 2014, Xijing
Hospital, Xi'an, China.

Saito Y: 1) Resection approach for
colonic LST. 2) Live demonstration
of ESD in a Tissue model. 3 Hands
on ESD stations. 4) Coffee &
Discussion about ESD Knives. 1)
Lecture. 2) Live demo. 3) Hands on.
4) Lecture and discussion, 1) and 4)
Oral Presentations. 2) and 3) Live
demos. ESD (Endoscopic Submucosal
Dissection) Workshop,16th ~17th
Oct,2014, VIMAS Education Centre
at Quad, Queen Alexandra Hospital,

Portsmouth, UK.

Saito Y: Efficiency and clinical case
presentation of BLI in colon. Lecture
and Discussion. Oral Presentation,
FUJIFILM's UEG Week 2014
Satellite Symposium, 20th Oct,2014,
ACV Vienna, Hall I/K, Vienna,

Austria.

Saito Y: EFFICACY AND SAFETY
OF ENDOSCOPIC SUBMUCOSAL
DISSECTION FOR EARLY STAGE
COLORECTAL NEOPLASIA;
RESULTS FROM A NATIONWIDE
REGISTRY THROUGHOUT JAPAN.
Lecture at the Symposium
“Endoscopic management of early

Oral
21st

colorectal neoplasia.”

Presentation. UEGW 2014,



10.

Oct,2014, ACV Vienna, Hall G/H,

Vienna, Austria.

Oka S. and Saito Y: 1) Video recorded
clinical cases of colorectal tumor and
Quiz. 2)Video recorded clinical cases
in esophagus carcinoma and quiz. 1)
Lecture at the Scientific Program:
WEO/A-PSDE/JGES ADEC, Session:
Lower GI, Practice of narrow-band
imaging (NBI) diagnosis. 2 Lecture
the Program:
WEO/A-PSDE/JGES ADEC, Session
2: Upper GI. 1 & 2 Oral
Presentations. APDW 2014, 24th Noy,
2014, Bali Nusa Dua Convention

at Scientific

Centre, Room7, Bali, Indonesia.

Saito Y. 1) Difficult Gastric ESD. 2)
Endoscopic Submucosal Dissection a
to Laparoscopic
Colectomy? 3) ESD with IT knife. 4)
Flat lesions of right colon. 5) Videos
Championship. 6) Difficult Mucosal
1) the

Symposium "Surgical treatment of

safe alternative

Resection. Lecture at

early gastric cancer." 2) Lecture at
the Symposium "Gastrointestinal
3)  Exhibitor the
Inaugural Conference "ESD with IT

Cancer." at
knife." 4) Lecture at the Symposium
"New Concepts

Colo-rectal." 5) Arbiter at the Videos

in Cancer
Championship. 6) Lecture at the
Symposium "Complex Therapeutic

Endoscopy." Oral Presentations. VII

_59_

11.

12.

Uruguayan Congress of Digestive
Endoscopy, 1V National Meeting of
Assistant Digestive Endoscopy, 1st
Conference for

1st

National Young

endoscopists, International
Workshop on Endoscopic Training in
Simulated Models and 1st Latin
American of
Neoplasm. 1st -3rd Dec,2014, Conrad

Resort & Casino Punta del Este,

Forum Digestive

Montevideo, Uruguay.

1) Colorectal ESD for
beyond the
2) Lateral
involvement by
what's your plan? 1) Lecture at the
Session III. ESD for Treatment of
Early Colorectal Cancer. 2) Lecture
at the
Experts: How to Troubleshoot? Oral

Saito Y.
masters: current
limitations. resection

margin cancer:

Session IV. Lessons from

Presentations. 7th Asan
International Digestive Disease
Symposium (AIDDS 2014). 13th

Dec,2014, Asan Hall, Asan Institute
for Life Sciences 15F, ASAN Medical

Center, Seoul, Korea.

Saito Y. 1) Critics to ESD in Japan
and in the West: facts & fictions. 2)
Related prognostic
factors and management. 3) ESD

today and

perforations:

indications & results:

tomorrow. 4) my difficult ESD
commented by "Experts". 5)
Colorectal ESD Live. 1) 2) 3)



13.

Lectures for Introduction, ESD
Technique, Early Colorectal Cancer.
4) Retraining. 5) Live
demonstrations. 1) 2) 3) Oral

4) Moderator. 5th

Italian-Japanese Meeting "Curative

Presentations.

Endoscopic Resection of Superficial
Neoplastic Lesions"and "Colorectal
ESD Live". 12th - 13th Jan,2015,
Circolo delle Forze Armate D'Italia
San  Giuseppe,

and Ospedale

Rome,Italy.

Saito Y. Presentations,
Demonstrations, and Intensive

hands-on as faculty for the ASGE

_60_

course, “ASGE JGES Masters’
Course in ESD with Optional POEM
Add-on”. Feb. 27 - Mar.1, 2015,
ASGE Institute for Training and
Technology, Downers Grove, IL, USA
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1.
H24

1.
D

2)

3)

PMDA

Kato M, Kaise M, Obata T, Yonezawa J,
Goda K, Toyoizumi H, Yoshimura N.
Yoshida Y, Kawamura M, Tajiri H.

Bacteremia and Endotoxemia after

Endoscopic Submucosal Dissection
for Gastric Neoplasia - Pilot
study- Gastric Cancer. 15:15-20,
2012

lizuka T, Kikuchi D, Hoteya S, Takeda
H1
pharyngeal

Kaise M. A new technique for
endoscopic submucosal
dissection: peroral countertraction
(with video). Gastrointest Endosc.
76(5):1034-8, 2012

Kikuchi D, lizuka T, Hashimoto M,
Hoteya S, Yamashita S, Nakamura M,
Yamada A, Mitani T, Fujimoto A,

Matsui A, Arase Y, Kaise M. Safety

measures for gastrointestinal

endoscopy in patients receiving

antithrombotic therapy. Dig Endosc.
24:16-20, 2012

_62_

4)

5)

6)

Kaise M, Miwa J, Fujimoto A, TashiroJ,
Tagami D, Sano H, Ohmoto Y. Influence
of Helicobacter pylori status and
eradication on the serum levels of
trefoil factors and pepsinogen test:
serum trefoil factor 3 is a stable
biomarker. Gastric Cancer. 2012 Aug
21. [Epub ahead of print]

Kikuchi D, lizuka T, Hoteya S, Yamada
A, Furubhata T, Yamashita S, Domon K,
Nakamura M, Matsui A, Mitani T, Ogawa
0, Watanabe S, Yahagi N, Kaise M.
Safety and efficacy of secondary
endoscopic submucosal dissection
for residual gastric carcinoma after
primary endoscopic submucosal
dissection. Digestion. 86(4):288-93,

2012

Hoteya S, Matsui A, lizuka T, Kikuchi
D, Yamada A, Yamashita S, Furuhata T,
Domon K, Nakamura M, Mitani T, Ogawa
0,
clinicopathological
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Abstract

Background Recently, endoscopic submucosal dissection
(ESD) has been performed to treat early gastric cancer. The
en bloc resection rate of ESD has been reported to be
higher than that of conventional endoscopic mucosal
resection (EMR), and ESD can resect larger lesions than
EMR. However, ESD displays a higher complication rate
than conventiona EMR. Therefore, the development of
devices that would increase the safety of ESD is desired.
Lasers have been extensively studied as a possible ater-
native to electrosurgical tools. However, laser by itself
easily resulted in perforation upon irradiation of the gas-
trointestinal tract. We hypothesized that performing ESD
using a CO, laser with a submucosal laser absorber could
be a safe and simple treatment for early gastric cancer. To
provide proof of concept regarding the feasibility of ESD
using a CO, laser with submucosally injected laser absor-
ber solution, an experimental study in ex vivo and in vivo
porcine models was performed.

Methods Five endoscopic experimental procedures using a
carbon dioxide (CO,) laser were performed in a resected
porcine stomach. In addition, three endoscopic experimental
procedures using a CO, laser were performed in living pigs.
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Results In the ex vivo study, en bloc resections were all
achieved without perforation and muscular damage. In
addition, histological evaluations could be performed in all
of the resected specimens. In the in vivo study, en bloc
resections were achieved without perforation and muscular
damage, and uncontrollable hemorrhage did not occur
during the procedures.

Conclusions Endoscopic submucosal dissection using a
CO, laser with a submucosal laser absorber is a feasible
and safe method for the treatment of early gastric cancer.

Keywords Endoscopic resection Therapeutic upper
gastrointestinal endoscopy - Laser - Laser absorbent

Gastric cancer is one of the most common cancers in the
world. The development of endoscopic diagnostic tech-
niques led to an increased number of early stage gastric
cancers being detected. Subsequently, endoscopic mucosal
resection (EMR) was established as a minimally invasive
local treatment and is now performed for the treatment of
early gastric cancer without lymph node metastasis[1]. The
main advantages of the EMR method are that it does not
involve laparotomy, the whole stomach is preserved, and it
has a less negative impact on the patient’s quality of life
than laparotomy. Although the possibility of expanding the
indications for EMR to resect larger lesions has recently
been proposed, conventional EMR cannot be used to resect
lesions larger than 20 mm en bloc because of technical
limitations [2, 3]. Piecemeal resection does not enable
sufficient histological evaluation of the tumor and displays
a significantly higher local recurrence rate than en bloc
resection [4—6]. Therefore, endoscopic submucosal dis-
section (ESD), a new EMR technique, was introduced by
Hirao et al. [7] and has become widely accepted as a
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standard procedure for early gastric cancer treatment. ESD
allows larger lesions to be resected en-bloc. However, in
comparison with EMR, ESD requires special skills and
involves a long procedure. In addition, ESD carries a high
risk of perforation and bleeding. Various devices, such as
the insulated-tip knife (IT knife) [4], Flush knife [8], and
hook knife [9] have been developed to reduce the com-
plications rate of ESD. When dissection is performed using
these devices, which cut using an electrosurgical current,
the knife is in direct contact with the tissue. Submucosal
dissection using an electrosurgical current requires a high
level of skill and carries a risk of perforation because of
unexpected incision of the muscularis propria. It was
reported that the perforation rate of ESD for early gastric
cancer using the IT knife was 5 % [4].

Lasers have been extensively studied as a possible
alternative to electrosurgical tools. Various types of laser
have been used as surgical tools to incise or excise tissues
and achieve hemostasis. For example, potassium titanyl
phosphate (KTP), neodymium-doped yttrium aluminium
garnet (Nd:YAG), and diode lasers have all been used in
endoscopic procedures for treating gastrointestinal tract
cancer or precancerous lesions. These laser irradiation
therapies vaporize the lesion and coagulate any hemor-
rhaging blood vessels. The main disadvantage of these
therapies is that the lesion is vaporized; thus, pathological
evaluations cannot be performed after the procedure. It is
important to collect tissue samples from dissected lesions
as it allows a precise pathological evaluation and aid
decisions regarding additional treatment.

Lasers have various effects on living tissue. Recently,
lasers have been widely used in clinical practice for making
incisions, inducing coagulation and hemostasis, and vapor-
izing lesions. The laser energy absorbed by the target tissue is
converted into other forms of energy, such as heat or
shockwaves, or is used to induce chemical reactions. Lasers
of different wavelengths have different scattering, penetra-
tion, and absorption profiles, and hence, have different
effects on the target lesion depending on the amounts of
energy absorbed by elements within tissue [10]. In the mid-
infrared range, light scattering is negligible within soft tis-
sue. The surgical performance of mid-infrared lasers gen-
erally depends on the light absorption characteristics of
water and protein, the main components of soft tissue, at the
laser’s oscillating wavelength. The CO, laser is a gas laser
that was originally developed in 1964 and has a wavelength
of 10.6 pm [11]. It has been widely used in various
surgical  treatments in the otorhinolaryngology,
dermatology, and oral surgery fields [12—-14]. It is a mid-
infrared laser, and its energy is strongly absorbed by water
and protein, but hardly penetrates deeper tissues [15].
CO, lasers can cut tissue precisely whilst causing limited
damage to the surrounding tissue [12-14]. Surgical
procedures performed with CO,

@ Springer

lasers are mostly bloodless because the heat produced by the
laser seals small vessels [16]. The reduced heat damage
inflicted on the resected lesion allows precise pathological
evaluations to be performed, and the low level of hemor-
rhaging increases visibility during the procedure, therefore
making it safer. These features of the CO, laser are thought to
be advantageous for ESD.

In clinical ESD procedures, a solution (usually saline or
sodium hyaluronate) is injected into the submucosa to lift
the target region of the mucosa, isolate the lesion, and
protect the muscularis propria from thermal and mechani-
cal injury, thereby decreasing the risk of perforation.
Compared with most other lasers, a large amount of the
energy produced by CO, lasers is absorbed by water [17].
Therefore, if there is enough water within the submucosa, it
is hypothesized that the energy of the CO, laser will be
absorbed by the water and will not be able to reach the
muscularis propria. Thus, performing ESD using a CO,
laser with saline as a submucosal laser absorbent could be a
safe and simple treatment for early gastric cancer. There
have been no previous reports of ESD of the stomach
performed using a CO, laser because usual optical fibers
cannot be used to deliver CO, laser due to very high
internal absorption of the optical fibers. However, the
hollow optical fiber that has recently been developed has
enabled us flexible delivery of CO, laser. We examine
whether performing gastric ESD with a CO, laser is
feasible.

Materias and methods
Measurement of infrared absorption spectra

The infrared absorption spectra of the porcine stomach wall,
saline, and 0.4 % sodium hyaluronate (MucoUp; Johnson
and Johnson K.K., Tokyo, Japan) were measured using a
Fourier transform infrared spectrometer (MB3000, ABB
Ltd., Zurich, Switzerland) coupled with an infrared micro-
scope (bi-uMAX, PIKE Technologies, WI, USA). When
the absorption spectrum of the porcine stomach was
measured, the absorption spectra of each layer; i.e., the
mucosa, sub mucosa, and muscularis propria, were
assessed.

CO, laser

A CO, laser oscillation device (J. Morita Mfg. Corp.,
Kyoto, Japan) that had been remodeled to increase its
output power was used for these experiments. The laser
was used in continuous wave mode. The output power of
the laser was measured using a laser power meter (30A,
Ophir Optronics Solutions Ltd, Israel) and was set at pre-
determined values.
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Hollow optical fiber

A hollow optical fiber (J. Morita Mfg. Corp., Kyoto, Japan)
optimized for the wavelength of the CO, laser was used in
this study [18]. The inner diameter of the fiber was
700 pm, and it measured 2.65 m in length. The fiber
was connected to a CO, laser oscillation device.

Preliminary study

The speed of porcine gastric mucosal incisions made with
electrosurgical knives was measured (data not shown), and
it was found that the mean mucosal incision speed was
about 1.0 mm/s. Porcine gastric wall samples were placed
on an automatic moving table, and the speed of the table’s
movement was set at 0.5, 1, or 2 mmy/s. In the absence of
saline injection into the submucosa, the CO, laser irradi-
ation was performed at output powers of 6, 8, and 10 W at
a distance 2 mm from the mucosal surface. In the presence
of saline injection into the submucosa, which was per-
formed to increase the thickness of the submucosa to
5 mm, laser irradiation was performed at output powers of
6, 8, 10, and 12 W. The depth of incision was measured
during each procedure.

Ex vivo porcine stomach study

Porcine organs (the esophagus, stomach, and duodenum)
were irrigated with water and Pronase MS 400 U/ml (Ka-
ken Pharma, Tokyo, Japan). An overtube (MD-48518
Sumitomo Bakelite, Tokyo, Japan) was fixed onto a plastic
box (Pentax Corporation, Tokyo, Japan). The esophagus of
the resected specimen was then passed over the overtube,
which formed a solid connection with the oral end of the
esophagus. Then, the end of the duodenum was tightly
attached to the plastic box using a plastic band (Fig. 1).
An upper gastrointestinal endoscope (GIF-Q260J,
Olympus, Tokyo, Japan) was inserted into the stomach. To
identify the margins of the hypothetical lesions, marking
dots were made on the exterior of the target mucosa using a
Flush knife (DK2618IN25, Fuyjifilm) and an electrical
generator (vio200S; ERBE, Germany). The marking dots
were placed so that the hypothetical lesions had diameters
of 2 cm. Saline was injected into the submucosa under the
hypothetical lesion with an endoscopic injection needle
(01841; Top Corporation, Tokyo, Japan). A hollow optical
fiber was passed through the scope channel, and circum-
ferential mucosal cutting was performed using the contin-
uous wave mode of the CO, laser at a power setting of
10.0 W. After an additional submucosal injection of saline,
the submucosa below the hypothetical lesion was directly
dissected using the same CO, laser mode. After cauter-
ization, all of resected specimens and ESD sites were

Fig. 1 A porcine stomach was subjected to CO, laser ESD using an
endoscopy training system. A resected porcine stomach was subjected
to CO, laser ESD using a training system for endoscopic procedures

collected and fixed in 4 % formalin, and then the diameter
of the cauterized area was evaluated histologically.

Living porcine study

LWD pigs weighing 18.5 kg were used in the study. This
study was approved by ethical committee of the animal
experimentation facility. The pigs were deprived of food
for 24 h before the procedure. The pigs were placed under
general anesthesia via the intramuscular injection of
10 mg/kg ketamine plus 2 mg/kg xylazine and endotra-
cheal intubation. Anesthesia was maintained with isoflu-
rane (2.0-3.0 %) and oxygen (2.0-3.0 L/min).

An upper gastrointestinal endoscope (GIF-Q260J,
Olympus, Tokyo, Japan) was passed into the stomach with
the assistance of an overtube (MD-48518 Sumitomo
Bakelite, Tokyo, Japan). Marking dots were made around
the exterior of a hypothetical lesion using a FlushKnife
(DK2618IN25, Fujifilm) and an electrical generator
(vio200S; ERBE, Germany) to identify its margins. Saline
was then injected into the submucosa under the hypothet-
ical lesion with an endoscopic injection needle (01841; Top
Corporation, Tokyo, Japan). A hollow optical fiber was
passed through the scope channel, and circumferential
mucosal cutting was performed using the continuous wave
mode of the CO, laser at a power setting of 10 W. After an
additional submucosal injection of saline, the submucosa
below the hypothetical lesion was directly dissected using
the same CO, laser mode. After cauterization, necropsy
was immediately performed, and all of the resected speci-
mens and ESD sites were collected. The collected samples
were fixed in 4 % formalin, and the diameter of the cau-
terized area was evaluated histologically.
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Results
Infrared absorption spectra

The absorption spectra of the mucosa, submucosa, and
muscularis propria were almost identical (Fig. 2). The
absorption spectra of saline and 0.4 % sodium hyaluronate
displayed similar curves in the mid-infrared range and
exhibited absorption values of ~ 850 cm™ at a wavelength
of 10.6 pm (Fig. 3). The absorption coefficients of
these solutions were markedly higher than that of the
lamina propria at a wavelength of 10.6 pm, suggesting
that laser absorbents, such as saline and sodium
hyaluronate, absorb enough of the energy produced by
CO;, lasers to protect the muscularis propria from damage
caused by laser irradiation.

Preliminary study

To investigate whether the submucosal injection of saline
prevents the muscularis propria from being injured and to
determine the optimal CO, laser output power for ESD, a
preliminary study was performed. In the absence of saline
injection, at cutting speeds of 0.5 and 1.0 mm/s performing
the CO, laser irradiation at 6 W damaged the muscularis
propria, and performing it at 10 W damaged the muscularis
propria at all speeds (Fig. 4A, C). On the other hand, in the
presence of saline, irradiation did not damage the muscu-
laris propria at any speed or output power (Fig. 4B, D).
Thus, the injection of saline prevented the laser’s energy
from passing through the submucosa, and hence, protected
the muscularis propria from injury.

When sodium hyaluronate was injected into the sub-
mucosa, performing the CO, laser irradiation at 12 W and
0.5 mm/s, which were the conditions that were found to be
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Fig. 2 Absorption spectra of the porcine stomach. The infrared
absorption spectra of the lamina propria, submucosa, and muscularis
propria are shown. These spectra were similar in the infrared region
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Fig. 3 Absorption spectra of saline and sodium hyaluronate. The
infrared absorption spectra of saline, sodium hyaluronate, and the
mucosa of the porcine stomach are shown. The spectra of saline and
sodium hyaluronate were similar. The absorption coefficients of these
solutions were higher than that of the lamina propria at a wavelength
of 10.6 pm

most likely to induce injury in the saline experiment, laser
irradiation did not damage the muscularis propria (data not
shown).

These results showed that both saline and sodium
hyaluronate stopped the energy of the CO, laser from
passing through the submucosa and prevented the muscu-
laris propria from being injured.

Ex vivo porcine study

To investigate whether performing ESD using a CO, laser
with laser absorber is a safe and feasible method, an ex vivo
study, in which a porcine gastric model was subjected to
the procedure, was performed.

The procedure time was measured from the first sub-
mucosal injection to the end of the complete resection of the
lesion. Grossly, all specimens included all of the markings
caused by electrocautery, which formed the equivalent of a
tumor-free resection margin. Hypothetical lesions were
produced in the antrum, lower body, central body, and
upper body. En bloc resections were achieved in all cases.
The mean diameter of the resected specimen was 31.6 mm,
and the mean procedure time was 26.2 min (Table 1).

The gastric wall resection sites were examined. However,
no gastric wall perforation was encountered, and no muscular
injuries were detected during histological examinations.

The resected specimens also were collected and histo-
logically evaluated. The mucosae of the resected speci-
mens were not damaged by the submucosal dissection, and
histological evaluations could be performed in all of the
resected specimens (Fig. 5A). The resection margins were
very clear, and almost no burn effects were seen. In
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Fig. 4 Incision depth in various conditions. In the absence of saline
injection, performing the CO, laser irradiation using an output power
of 6 W damaged the muscular layer at incision speeds of 0.5 and
1.0 mm/s. Performing the CO, laser irradiation at an output power of
10 W damaged the muscular layer at all speeds (A). When the CO,
laser incision was performed at an output power of 12 W and a speed

Table 1 Results of CO, laser ESD in a resected porcine stomach

Case  Procedure time  Major axis Minor axis Perforation
(min) (mm) (mm)

1 223 32.6 26.7 None

2 26.6 31.1 26.3 None

3 24.1 30.2 25.8 None

4 22.7 33.6 21.8 None

5 35.5 30.3 29.7 None
Mean 26.2 31.6 26.1 0

SD 5.5 1.5 2.8 0

ESD was performed using a CO, laser for five hypothetical lesions
The mean size of the resected specimens was 31.5 mm, and the mean
procedure time was 26.2 min. No perforation occurred during the
procedures
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of 0.5 mmy/s, it did not reach the muscular layer (B). These conditions
were considered to produce the deepest incisions according to the
findings obtained without saline injection. C Depth of the incisions
produced in the absence of saline injections. D Depth of the incisions
produced in the presence of saline injections

:

Fig. 5 Histological findings of the resected lesion and resected site.
A Histological findings of the resected lesion after laser ESD. Enough
of the submucosa remained to allow submucosal invasion and
lymphovascular invasion to be evaluated. B Histological findings of
the laser ESD site. No muscular damage was seen
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Fig. 6 Endoscopic view of ESD using a CO, laser. A Circumferential mucosal incision. B, C Submucosal dissection. D Artificial ulcer produced

by laser ESD

addition, no muscular damage was detected (Fig. 5B).
These results suggest that ESD using a CO, laser is
feasible.

Living porcine study

The ex vivo study suggested that ESD using a CO;, laser is a
feasible method. To verify the feasibility and safety of this
method in vivo, a living porcine model study was per-
formed (Fig. 6A-D). The median procedure time from the
circumferential mucosal dissection to the end of the sub-
mucosal dissection was 22.3 min. Little hemorrhaging
occurred during the circumferential mucosal dissection or
submucosal dissection, and the hemorrhaging that did occur
was arrested immediately with CO, laser irradiation. The
procedures were accomplished without any complications,
such as perforations or serious bleeding. During the cir-
cumferential mucosal dissection, smoke and fragment
splattering temporarily reduced the endoscopist’s visibility.
However, the smoke and fragments were successfully

@ Springer

suctioned using an accessory channel, and the lens of the
endoscope was cleaned, thereby recovering visibility. The
incision edge was sharp and clear on the endoscopic view.
During the submucosal dissection, no smoke or fragment
splattering occurred. Specimens of the resected mucosa
were collected, and the surface and edge of the ulcers
produced by ESD were smooth. The heat damage caused by
the incision and dissection was not extensive so it was
possible to histologically evaluate the resected mucosa
(Fig. 7A, B). The muscularis propria was not damaged by
the laser irradiation (Fig. 7C, D). These findings indicate
that ESD using a CO, laser is a feasible and safe method.

Discussion

Endoscopic submucosal dissection has been widely per-
formed, not only for early gastric cancer, but also for
superficial cancers in other parts of the gastrointestinal
tract, such as esophageal cancer and colorectal cancer.
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Fig. 7 A, B Histological findings of the resected lesion and ESD
resected site. C, D Histological findings of the laser ESD site. Enough
of the submucosa remained free of heat damage to allow submucosal
invasion and lymphovascular invasion to be evaluated (A, B). No
muscular damage was detected at the ESD resection site (C, D)

However, ESD requires a great deal of endoscopic skill,
and the procedure takes a long time. In addition, ESD
carries a high risk of perforation and bleeding [4]. ESD is
usually performed with an electrosurgical knife. It is

difficult to make incisions with electrosurgical knives
without appropriate traction; therefore, skill is required to
move the knife in the appropriate direction. Thus, to
broaden ESD it is necessary to develop simple methods for
mucosal incision and submucosal dissection. We hypoth-
esized that laser irradiation might be a suitable alternative
to using electrosurgical knives in ESD, because it can be
used to make incisions and induce coagulation regardless
of the skill of the operator. If the target can be directly
viewed, then only the laser beam has to be in contact with
the target, rather than the device itself, which is required
for procedures performed with electrosurgical knives.

CO, lasers have been widely used in various surgical
procedures in the otorhinolaryngology, dermatology, and
oral surgery fields [12—14]. However, there have been few
reports about CO, laser treatment involving the gastroin-
testinal tract, because the endoscopic use of CO, lasers in
gastrointestinal procedures is limited by the lack of an
efficient delivery system. Until recently, due to the wave-
length characteristics of CO, lasers articulated arms with
mirrors or lenses attached to them and optical fibers that
were hard to pass through gastrointestinal endoscope
channels were the only devices that could be used to per-
form CO, laser treatment in the gastrointestinal tract.
However, flexible optical fibers that can be passed through
gastrointestinal endoscope channels have since been
developed for CO, lasers [18], so it has become possible to
use CO, lasers for endoscopic procedures in the gastroin-
testinal tract. Anandasabapathy et al. [19] described the
endoscopic ablation of the esophagus using a CO, laser in
an in vivo porcine model. In this study, we have developed
a safe ESD procedure involving the use of a CO, laser.

In standard ESD procedures, a solution is injected into
the submucosa to lift it in order to ease its resection, to keep
it a suitable distance from the muscularis propria, and to
protect the muscularis propria from thermal and mechanical
injury, thereby decreasing the risk of perforation. Compared
with most other lasers, a large amount of the energy pro-
duced by CO, lasers is absorbed by water and soft tissue
[17]. It was hypothesized that if a solution that could absorb
the energy of CO, lasers could be injected into the sub-
mucosa, the energy of the CO, laser would be immediately
absorbed, and hence, would not reach the muscularis pro-
pria. Previous studies have demonstrated that injecting a
light absorbent solution into the submucosa and using a
laser whose energy is specifically absorbed by the solu-
tion protects the muscularis propria from laser irradiation.
In dogs that underwent laparotomy, Hayashi et al. [20]
reported that when diode laser ablation was performed after
the injection of indocyanine green (ICG) solution into the
submucosa, the ablation did not extend beyond the proper
muscularis propria of the gastric wall. In clinical practice,
endoscopic laser treatment involving the injection of ICG
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solution for early gastric cancer has been reported [21]. In
these reports, an 805-nm laser and ICG solution were used.
The energy of the 805-nm laser was strongly absorbed by
the ICG solution, which has a specific absorption spectrum
peak at a wavelength of 805 nm. CO, lasers are capable of
precisely cutting tissue whilst causing limited injury to the
surrounding tissue [ 12—14], because their energy is strongly
absorbed by water and protein and hardly penetrates deeper
tissues [15]; thus, CO, lasers are suitable for making sharp
incisions. In this study, we used a CO, laser and saline,
which is widely used in standard ESD procedures, as a CO,
laser absorbent.

To provide proof of concept for CO, laser-based ESD, we
performed an ex vivo study to investigate whether injecting a
light absorbent solution into the submucosa would prevent
the muscularis propria from being injured by laser irradia-
tion. First, a preliminary study was performed to determine
the optimal laser output power level for ESD. Then, to
determine the appropriate incision speed, we measured the
speed of the mucosal incisions produced during the resec-
tion of a porcine stomach with an electrosurgical knife. As a
result, we found that the mean incision speed was
~ 1.0 mm/s (data not shown). Next, we performed a
mucosal incision experiment in which a porcine stomach
was resected using a CO, laser. Based on the abovemen-
tioned results, the mucosal incision speed was set to 0.5, 1.0,
or 2.0 mm/s and the output power was set to 6.0, 8.0, or
10.1 W during this experiment. In the group in which no
laser absorbent was injected into the submucosa, when an
output power of 6.0 W was employed the ablation did not
reach the submucosa at an incision speed of 2.0 mm/s (the
fastest incision speed), but it did reach the muscularis pro-
pria when an incision speed of 1.0 mm/s was used, and the
incision penetrated all of the layers at a speed of 0.5 mm/s
(the slowest incision speed). On the other hand, in the group
in which saline was injected into the submucosa, the abla-
tion stopped in the submucosa when output powers of 6.0,
8.0, and 10.0 W were employed together with a 0.5 mm/s
incision speed, and furthermore, the ablation did not reach
the muscularis propria or injure the muscularis propria when
an output level of 12 W was used. These results showed that
the saline injected into the submucosa absorbed the energy
of the laser and prevented the muscularis propria from being
injured.

Next, to investigate whether CO, laser-based ESD is
feasible, an ex vivo study was performed. A resected por-
cine stomach was subjected to five ESD procedures
involving a CO, laser. Based on the results of the pre-
liminary study, the output power of the laser was set at
10 W. All of the procedures were accomplished without
perforation or damaging the muscularis propria, and visual
evaluations of each resection site were performed after the
procedure. The heat damage caused by the laser was
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sufficiently minimal to allow the resected specimens to be
histologically evaluated. These results suggest that ESD
using a CO, laser is feasible. However, ex vivo studies are
limited by the fact that no bleeding occurs. Bleeding is one
of the most common complications of ESD and can distort
the endoscopic view and make it difficult to perform the
procedure safely and quickly.

Therefore, an in vivo porcine study was performed to
further investigate whether ESD using a CO, laser is fea-
sible. In this procedure, we were able to obtain mucosal
tissue samples without damaging the muscularis propria
under the resected area. There were no complications
(including bleeding) during the procedure, and the heat
damage caused by the incision and dissection was minimal.
These results suggest that the submucosal injection of
saline or sodium hyaluronate makes ESD performed with a
CO, laser safe. Moreover, using a laser knife for ESD
requires less skill than performing the procedure with an
electrosurgical knife.

Endoscopic submucosal dissection using a CO, laser
with a submucosally injected laser absorbent might be a
feasible method for the treatment of early gastric cancer,
and it might be easier and safer than the conventional
method using an electrosurgical knife.
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ABSTRACT

Since carbon dioxide laser is excellent for incision, hemostasis, coagulation, and vaporization of soft tissues, it has been
widely applied in clinical treatments as the laser knife. In these days, flexible thin hollow optical fibers transmitting
mid-infrared light have been developed, and the application of carbon dioxide laser to endoscopic therapy has become
possible. However, it is expected that the irradiation effect is influenced by the change in the laser power at the tip of
the hollow optical fiber due to the change in the transmittance by the bending loss. The purpose of this research is to
quantitatively evaluate the change in the output power and therapeutic effect by bending the hollow optical fiber in a
gastrointestinal endoscope. The change in the transmittance of the hollow optical fiber due to the insertion of the fiber
into the endoscope and bending of the head of the endoscope was measured. Then, the relationship between the irradi-
ated laser power and the incision depth for a porcine stomach was investigated. As the results, the most significant de-
crease in the transmittance of the hollow optical fiber was caused by the insertion of the fiber into the instrument chan-
nel of the endoscope, and bending of the head of the endoscope with the angle of 90° decreased the output laser power
and incision depth by 10% and 25%, respectively. Therefore, it was confirmed that the bending loss of the hollow opti-
cal fiber due to the bending of the head of the endoscope had no significant influence on the endoscopic therapy using
the carbon dioxide laser.

Keywords: Hollow Optical Fiber; Carbon Dioxide Laser; Bending Loss; Endoscopic Therapy

1. Introduction in terms of the mechanical and chemical properties, tox-
icity, manufacturing cost, etc. Therefore, they could not
be used for medical purposes. Recently, hollow optical
fibers with a dielectric coating made of cyclic olefin
polymer (COP) inside a cylindrical metal waveguide have
been developed as shown in Figure 1 [6]. Since the core
of the hollow optical fibers is air or other gases with a
high transmittance at the wavelength of the carbon diox-
ide laser, extremely low absorption loss could be ob-
tained [7]. Because the reflection loss at the end surface

Since carbon dioxide laser with the wavelength of 10.6
pm is absorbed strongly by water, which is contained
about 70% in biological soft tissues, it is excellent in
incision, hemostasis, coagulation, and vaporization of the
soft tissues [1,2]. In fact, carbon dioxide laser is widely
efficient for medical field, e.g., plastic surgery, cosmetic
surgery, otolaryngology, and dentistry. Even in the en-
doscopic surgery, carbon dioxide laser had various pro-
mising application, so that many researchers developed

new techniques for clinical treatment [3,4]. At the same of the fiber and related damage do not occur, the hollow
time, several kinds of optical fibers transmitting mid- optical fibers are suitable to transmit high-power lasers.
infrared light have been developed. These optical fibers In addition, the hollow optical fiber shown in Figure 1
are classified broadly into three categories, i.e., glasses can simultaneously transmit carbon dioxide laser and vi-
composed of fluoride or oxide, special glasses such as sible aiming laser. Although it is possible to enhance the
chalcogenide, and polycrystalline materials such as metal ~ reflectance of the inner surface to nearly 100% by de-
halide [5]. However, these optical fibers have problems signing the COP layer thickness according to the wave-

Copyright © 2013 SciRes. OPJ



D. KUSAKARI

length of the transmitting laser light, the leaking loss to
the outside of the fiber can not be eliminated in principle.
Therefore, by bending the hollow optical fiber, the trans-
mittance decreases due to the increase in the number of
reflection per unit length and decrease in the reflectance
in the fiber. When the hollow optical fiber is used in a
clinical treatment with an endoscope, it is inferred that
output laser power and therapeutic effect are changed
due to the change in the transmittance of the hollow op-
tical fiber caused by the bending of the endoscope. The
purpose of this research is to quantitatively evaluate the
change in the output laser power and therapeutic effect
caused by bending the hollow optical fiber in a gastro-
intestinal endoscope.

2. Materialsand Methods

2.1. Transmittance of the Hollow Optical Fiber
with Bending of the Endoscope

In this research, a carbon dioxide laser system modified
from a commercial laser system for dental treatment and
so on (COM-2, J. Morita Manufacturing Corp., Kyoto,
Japan) was used. The laser was operated in the continu-
ous wave mode, and the maximum output power of the
laser oscillator was 30 W. Two types of the hollow opti-
cal fiber (J. Morita Manufacturing Corp.) listed in Table
1 were used to deliver the carbon dioxide laser through a
gastrointestinal endoscope (GIF-2T200, Olympus Corp.,
Tokyo, Japan) shown in Figure 2. A laser power meter
(30-A-BB-18, Ophir Optronics, Israel) was used to meas-
ure the laser power.

The carbon dioxide laser, the visible aiming laser with
a wavelength of 650 nm, and air were simultaneously
transmitted through the hollow optical fiber. Input and
output powers of the hollow optical fibers were measured
under four different conditions as shown in Figure 3, and
each condition was described as follows:

Protecti lyimide tub
rotective polyimide tube Hollow core

700 or 530 pm

Silver coating

850"0r 660 um

Glass capillary Dielectric coating (COP)

Figure 1. Schematic of the hollow optical fiber used in this
research.

Table 1. Specifications of the hollow optical fibers.

Outer diameter (um)  Inner diameter (um)  Length | (cm)

L-1 850 700 250
L-2 850 700 260
S-1 660 530 260

Copyright © 2013 SciRes.
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I. The hollow optical fiber was kept straight without
insertion to the endoscope.

II. The hollow optical fiber was inserted into the endo-
scope, and endoscope was kept straight.

II1. In addition to the condition II, the middle part of the
endoscope was gradually bent 90° with a radius ry =
50 cm.

IV.In addition to the condition III, the head of the endo-
scope was steeply bent 90° with a radius r, =5 cm.

2.2. Dependence of the Output Laser Power
and Incison Depth on the Bending of the
Head of the Endoscope

By assuming the case where the endoscope is used in
transoral surgery, the middle part of the endoscope was
bent 90° with a radius r; = 50 cm, and the tip of the hol-
low optical fiber L-1 was bent with various angles and
radii r,as listed in Table 2. To avoid the accidental
damage to the endoscope due to the break of the hollow
optical fiber during laser irradiation, the fiber was ejected
about 15 cm from the head of the endoscope, and only
the fiber was bent by using in-house guide plates made of
foamed polystyrene in order to simulate the bending con-
ditions of the head of the endoscope.

A segment of a porcine stomach was set on a motor-
ized linear stage (SGSP20-20, SIGMA KOKI Co., Ltd.,
Tokyo, Japan) and moved at a constant speed of 1.0
mm/s during laser irradiation for a time of 20 s. The car-

10 cm

Angle adjust knobs

‘ IR
Instrument

channel Hollow optical fiber

Instrument
\channel
1 130°

Scm

Objective
Lens
Figure 2. The photographs of the endoscope and its head
and ingrument channd. The hollow optical fiber is steeply
bent 130° just after the insertion to the instrument channel.
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Gastrointestinal endoscope

T

r,=5cm i

Hollow optical fiber III

(1=250 or 260 cm)

Carbon dioxide
laser system

Figure 3. Schematics of the measurement of the transmit-
tance of the hollow optical fibers for various bending con-
ditions.

bon dioxide laser was irradiated vertically to the surface
of the mucosa from a distance of 2 mm. The setting
power of the carbon dioxide laser system was set at 3, 5,
and 8 W, and laser power transmitted through the hollow
optical fiber was measured under each condition. To si-
mulate the in vivo environment, the sample surface was
kept wet by pouring saline on the sample at a rate of 120
mL/h using a micro syringe pump (IC3100, AS ONE,
Osaka, Japan). After laser irradiation, each sample was
stored at —80°C and was sliced to a thickness of 10 um
by using a cryostat microtome (CM1850, Leica Micro-
systems, Wetzlar, Germany) at a temperature of —20°C.
Then, each sample section attached onto a glass slide
was stained with hematoxylin and eosin (HE) staining
and observed using a high-resolution slide scanner (Nano-
Zoomer 2.0 RS, Hamamatsu Photonics K. K., Shizuoka,
Japan).

3. Results and Discussion

3.1. Transmittance of the Hollow Optical Fiber
with Bending of the Endoscope

Figure 4 shows the transmittance of the hollow optical
fibers under each condition. When the hollow optical fi-
ber was inserted into the instrument channel of the endo-
scope (from the condition I to II), the transmittance of the
fiber L-1, L-2, and S-1 decreased by 29%, 28%, and 24%,
respectively. On the other hand, the transmittance was
not significantly decreased by the bending of the endo-

Copyright © 2013 SciRes.
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Table 2. Conditions for the measurement of the dependence
of the output laser power and incision depth on the bending
of the head of the endoscope.

Bending angle (°) 0 30 60 90
Bending radius r, (cm) - 11.0 7.0 5.0
100
oL
g 80 L2
5] S-1
2 60 %
s e
£ . .
g 40 n A
g
= 20
0
I I I v
Condition

Figure 4. Transmittance of the hollow optical fibers under
each condition.

scope. When the bending of the endoscope was changed
from the condition II to IV, the transmittances of the fi-
bers L-1, L-2, and S-1 decreased by 7, 3, and 4%, respec-
tively. Therefore, it was found that the decrease in the
transmittance of the hollow optical fiber due to the inser-
tion into the instrument channel was the most dominant
loss in the hollow optical fibers. It is suggested that these
results are caused by the steep bending of 130° just after
the insertion into the instrument channel as shown in Fig-
ure 2.

3.2. Dependence of the Output Laser Power and
Incision Depth on the Bending of the Head of
the Endoscope

Figure 5 shows the relationships between the bending
angle of the tip of the hollow optical fiber and the output
laser power. The output laser power gradually decreased
with the increase in the bending angle of the tip of the
hollow optical fiber, and the output laser power at 90°
was about 10% lower than that for 0°.

Figure 6 shows the photomicrographs of the cross sec-
tions of the HE stained porcine stomach samples after
laser irradiation with each condition. Figure 7 shows the
relationships between the bending angle of the tip of the
hollow optical fiber and the incision depth measured
from the photomicrographs of the sample shown in Fig-
ure 6. The incision depth under each condition decreased
by up to 25% compared to that for 0° with an exception
for the condition of 8 W at 90°. Therefore, it was con-
firmed that the bending loss of the hollow optical fiber
due to the bending of the head of the endoscope had no
significant influence on the endoscopic therapy using the
carbon dioxide laser.
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Figure 5. The relationships between (a) the bending angle of
the head of the endoscope and the output laser power and

(b) the bending angle and the ratio R, of the output laser
power to that for 0°.

The mechanism of the vaporization of the biological
soft tissue by a laser knife is described as follows: When
the biological soft tissue absorbs the laser, the tempera-
ture of the tissue quickly rises within a time of micro-
seconds. Since the boiling point of water is 100°C, water
in tissue is immadiately vaporized and the volume is ex-
panded by continuously making water in the tissue over
100°C. Then, cell membrane and organelle fragment are
vaporized. In our experiment, laser was linerly scanned
with a speed of 1.0 mm/s, incision was performed using
the vaporization. In order to describe the reltionship be-
tween the irradiated laser energy density and the incision
depth, the steady-state model has been proposed [8.,9].
This model was developed for continuous ablation proc-
ess using a continuous wave or pulsed laser with micro-
seconds or longer pulse width. In the steady-state model,
the relational expression between the incision depth

(mm) and the irradiated laser energy density &, (J/mm)
is given by
S = ¢o - ¢1h (1)
p habl ’

where p = 1.02 x 10~ g/mm’ is the density of biological
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Figure 6. Photomicrographs of the HE stained samples after
laser irradiation with each condition.

soft tissue composed of water of 70%, and the ablation
enthalpy h,, (J/g) and the ablation threshold energy den-

sity @, (J/mmz) are defined as follows:

h,, =CAT +L,
h
2,
My

where C = 3.45 J/(g'K) is the heat capacity, AT =63.0

K is the temperature rise to the boiling point of water, L

= 2.58 x 10 J/g is the heat of vaporization, and p, =
6.15 x 10> mm ' is the absorption coefficient of the por-
cine mucosa at the wavelength of 10.6 pm [10-12]. In

Figure 8, the dots show the relationship between the ir-
radiated laser energy density and the incision depth ob-
tained from the results in Figures 5 and 7, and the solid
line represents the theoretical values estimated using
Equation (1). The laser beam diameter at the surface of
the porcine stomach mucosa was measured for the fiber
L-1 by using knife-edge method and was about 710, 712,
772, and 740 pm at the bending angle of 0°, 30°, 60°, and
90°, respectively. The laser beam diameter was increased
with the increase in the bending angle, because the beam
spread angle from the exit of the hollow optical fiber was
increased with the increase in the bending angle due to
the conversion of the propagation mode from the low-
order modes to the high-order modes in the hollow opti-
cal fiber.

From the results in Figure 8, it was found that both the
experimental and theoretical values have similar correla-
tions between the irradiated laser energy density and the
incision depth. However, the theoretical values were
about 1.5 times higher than the experimental values. It is
inferred that the principal factor for this difference is the
uncertainty in the physical values used in the model cal-
culations, e.g., the density of biological soft tissue, abla-
tion enthalpy, and the heat capacity. Since these values
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Figure 7. The relationships between (a) the bending angle of
the tip of the hollow optical fiber and incision depth and (b)
the bending angle and the ratio R, of the incision depth to
that for 0°.

were taken from the literatures, some values might not be
suitable for the porcine stomach sample used in this re-
search.

4. Conclusion

The change in the output power of the carbon dioxide
laser and therapeutic effect by bending the hollow optical
fiber inserted in a gastrointestinal endoscope was quanti-
tatively evaluated. The change in the transmittance of the
hollow optical fiber due to the insertion of the fiber to the
endoscope and bending of the head of the endoscope was
measured. Then, the relationship between the irradiated
laser power and the incision depth of a porcine stomach
was investigated. As the result, the greatest decrease of
the transmittance of the hollow optical fiber was caused
by insertion of the fiber into the instrument channel of
the endoscope, and bending of the head of the endoscope
with the angle of 90° decreased the output laser power
and incision depth by no more than 10% and less than
25%, respectively. Therefore, it was confirmed that the
bending loss of the hollow optical fiber due to the bend-
ing of the head of the endoscope had no significant in-
fluence on the endoscopic therapy using the carbon di-
oxide laser.
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Figure 8. The relationships between the incision depth and
irradiated laser energy density, where the solid line shows
the theoretical values estimated with the steady-state model.
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