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Project Summary

Development of fluorescence clip devices with
Title of Project . .
near—infrared fluorescence nanomaterials

fluorescence identification device, endoscopic clip,

- Development of new types of clips and clip gun

; Design and preparation of novel clips which can be localized to target sites multiple times

- LED as a light source
; Preparation of the LED equipment and LED controller

Key Words .
ﬂuorescence nano-material
Project Leader Sohn Dae Kyung
Associated Company None

@ Research Background
Accurate tumor localization is essential during gastrointestinal surgery, particularly because
of the rapidly increasing incidence of early gastric or colonic cancer worldwide. Exact tumor
localization can help achieve a shorter operation time, minimal tissue loss, and fast recovery
after surgery. Recently, fluorescence imaging in the near-infrared (NIR) spectrum (600 - -900
nm) has been shown to have great potential for the noninvasive detection of disease sites
in vivo. Light penetration through biological tissues is maximized, whereas tissue
autofluorescence is minimized in the region; therefore, target sites could be visualized
optically with a high target/background ratio. In addition, NIR fluorescence imaging is well
known as a highly sensitive technique in which nanomolar concentrations of fluorochromes

can be detected in vivo with a spatial resolution from micrometers to millimeters.

@ Research Objective

- Development of fluorescent dye-loaded clips for noninvasive, rapid and exact visualization of
tumor sites during surgery procedures.

@ Methodology

- Preparation of the fluorochrome-coated clips
; Fluorescent dyes — Rhodamine 6G, ATTO 647N, and ATTO dye series
; Polymer matrix - Poly (methyl methacrylate) (PMMA): highly transparent, stable under
acid and basic conditions

; Organic solvents - Tetrahydrofuran, chloroform

- Stability test of the prepared fluorescent clips
; Test of the fluorochrome release from the fluorescent clips under different pH conditions

- Ex vivo and in vivo study
; Ex vivo studies using the segmented porcine colon (wall thickness about 1.172.6 mm) and
stomach (wall thickness about 6.478.9 mm)

; In vivo study using porcine animal model

@ Results

— When the surface of the colon was illuminated and screened with a 530-nm diode laser

in vivo, we could rapidly identify three red spots with high contrast within seconds.

— The locations of the fluorescent clips inside the folded porcine stomach tissue were
clearly identified from the fluorescence image in real time.

- Fluorescence property was not damaged during EO gas sterilization
- Thickness of the coating could be controlled by using chloroform as a solvent

— Multiple clips were prepared and operated well.

@ Product

1) Paper publication and Presentation
“Small-Dose India Ink Tattooing for Preoperative Localization of Colorectal Tumor” (J
Laparoendosc Adv Surg Tech A. 2010; 20(9): 731-734 (SCIL IF1.012 (2009) )
- "A Novel Endoscopic Fluorescent Clip for the Localization of Gastrointestinal Tumours”(Surg
Endosc. 2011; 25: 2372-7 (SCL IF 3.436 (2010) )
- “A Novel Endoscopic Fluorescent Clip for the Localization of Gastrointestinal Tumours”

(Annual conference of The Korean Surgical Society, 2010-11-19)

2) Patent Application
— “Fluorescent Indication Clip for Sugery” (10-2009-0058067)
; EU(EP10153203.4) 2010-02-10, China (201010218020.8) 2010-06-28
- Medical Multiple Clips, Clip Gun Applying the same, Clippping Method using the same
(Korea, 10-2011-0057878, 2011-6-15)

3) The Transfer of Technical Know-How
~ “Medical Multiple Clips“; Tae-Woong Medical (2011-12-12)
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Ahstract

Background  Accurate wmor localization is essential for
gastrointestinal swrgery, especially in cases of early cancer,
Thiz study was designed to develop a novel Aeomrescent clip
fior rapid and exact visualization of tumor sites,

Methads A tansparcnt polymer matrix containing highly
bright finorochromes was coated on the fromt end of
endoscopic clips. The Auorescent clips were placed on the
mucosal surface of a porcine colon and stomach, and the
operator then attempted to identify the Huorescent clips
from the outer serosal side of the colom and stomach.
A 532-nm diode laser and filter glass wem used for visu-
alizing the Huorescence signals thrmough the colonic tissue.
A 650-nm dinde laser and a digital chargecoupled device
{0CD) camera equipped with a handpass emission filter
were uzed for the imaging of the fuarsscent clips thmugh
the thick stomach tissue,

Electrouk supplementary material  The online version of hi
awrtac e (e 1010000 G200 15571 ) comizing supplementry
mraterial, which 15 availahle to authorted o
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Resuits  When a green lght from a S32-nm diode laser
{power density = (.15 mw.fun2] was applied on  the
semzal surface of the porcine colon, we could identify all
clips that had been placed endoscopically on the mucosal
surface of the inner colonic wall. By using the light t;mm a
G30-nm diode laser (power density = 0.7 mWicm™), we
identilied all Avorescent clips through the stomach wall in
real time, Similar resulis were also obtained with the fil-
tened xenon lamp.

Canclision  An endoscopic fluomscent clip can be wseful
for the rapid and exac localization of tumors, and this
technigue can also be useful during laparcscopic surgery.

Keywords  Endoscopic clip + Fluorescence imaging -
Caolorectal neoplasm - Localization

Accurate tumor localization is essential during gastmin-
testinal surgery, pamicularly because of the rapidly
increazing incidence of eady gastic or colomic cancer
worldwide [1-3] Exact wmor locaization can help
achieve a shorer operation time, minimal tissue loss, and
Tast recovery after surgery. Several methods for the local-
ization of gastrointestingl fwmors have been introduced,
including barium imaging study, a combination of preop-
crtive endoscopy with fluomscopy and intraoperative
endoscopy, tattooing, and the wse of endoscopic clips
[2-6]. Each of these methods has its dmwbacks, including
inaccurate localization, the use of ragiation, bowel disten-
siom, faint or diffused tattoo, and invisibility of the clips
outside the bowel.

Recently, Huorescence imaging in the nrear-inframd
{MNIR) zpactrum {&H00-900 nm) has been shown to have
great potential for the noninvasive detection of disease sites
in viva [7]. Light penctration through biological tissees is
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Small-Dose India Ink Tattooing for Preoperative
Localization of Colorectal Tumor

Mi Ri Hwang, MD, Das Kyung Schn, MD, JiWen Park, MD, Byung Chang Kim, MD,
Chang Waon Heong, MD, Kyung Su Han, MD, Hee Jin Chang, MD, and Jae Hwan Oh, MD

Abstract

Introduction: India ink tattooing is widely used for tumor localization; however, the tattooing procedure is not
yet standardized. This study aims to evaluate the efficacy of small-dose tattooing with sterile India ink using a

saline test-injection method.

Patients and Methods: Between April 2009 and August 2009, 20 patients underwent colonoscopic tattooing with
prepackaged sterile India ink before resection of colovectal tumor, We injected 05cc of India ink at three
dreumferential sites at the distal tumor using a saline test-injection method. Observation and leakage of India
ink were evaluated during laparoscopic surgery, and the diameter of tattooing in the specimen was assessed.
Results: Tattoos were chserved intraopera tively in 18 patients (%0%). In 2 patients, tattoos were not observed on
the serosal surface but were detected on the mucosal surface. Localized leakage of ink was identified during
surgery in 1 patient (5%), without fever or abdominal pain. Mean tattoo diameter was 2.1 an on the serosal

surface and 2.0cm on the mucnsal surface.

Conclusions: Small-dose tattooing with sterile India ink using a saline test-injection method is effective for tumor

localization.

Introduction

COURATE TUMOR LOCALIZATION is essential for colorectal

resection in colorectal cancer, especially early cancer. The
we of endescopie procedures such as endoscopic muecsal
resection {EMR) and endescopic submuccsal dissection has
increased rapklly with advamces in lechinkgues and instu-
menlation. Afler endoscopic resection, additional surgical
resection isneeded for cases with a high risk of ymph node
wetastasis, such as poody differentialed or angiolymphatic
invasion. Colonie talooing & widely used for localization of
Uhe EMR site in these cazes.

Colaneecopic allooing is currently considered one of the
sl effective methods of umor localizalion, witha previous
shudy reporting observation and leakage rales of 2%—100%
and (7%-14.3%, mspecuw]y.“‘ The procedure of India ink
laltooing, however, has yel to be standardized. Our group
reported previously that precperative colonoscopic tatooing
using a saline lest-injection method with prepackaged, sterile
Trdia ink is a safe and effective method for umaor localization
in laparcecopic colorectal surgery.” In the present study, we
allempl 1o identify the appropriate amount of ink because

spillage is greater at high injection volumes. This pilot study
alms o evaluale the efficacy of small-dese lallooing with
sterile India ink wing a saline test-injection method.

Materials and Methods

This study enrolled X0 patients who underwenl preopera-
tive colonoscopic lallooing al the National Cancer Center,
Korea, between Aprl 2009 and August 2009. The study was
performed in accordance with the Declaration of Helank and
informed consentwas obtained from all patients. The protocol
was approved by the institlulional review boand of our hos-
pital (NCCNCS-09-298).

Four expert endoscopists with over 7 years of specialisl
axperience performed the preopemlive coloncscopic latloo-
ing,. Patients were prepared with mechanical bowel prepara-
lon before coknoscopic lalloodng. The palienls mosved
either two 45ml deses of sodium phesphate (Fleet™; CH
Heat Co, Ine., Lynchburg, VA) or 4L of polyethylene glyeol
solution (Colyle-F*; Taejoon Pharm, Seoul Koma) and
urderwenl colomoscopy under consclous  sedabion with
midazolam.

The abstract of this study was presented at fue 12th World Congress of Endosapic Surgery in 2010, National Harbor, Maryland.
Center for Colorectal Cancer, Research Insfitue and Hospital, National Canaer Center, Gayang, Korea.

™
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