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Endoscopic Submucosal Dissection (ESD) has been increasingly accepted as a minimally invasive treat-
ment for the patients with early gastrointestinal cancers. However, reliable ESD technique demands high
maneuverability, and the success of the operation is dependent on each operator's skill. We have devel-
oped a novel laser endoscopic system for ESD to overcome such technique-related difficulties. Compared
to conventional ESD using electrosurgical knives, an ESD method using the CO: laser offers the advan-
tages of less risk of perforation and the prevention of extensive thermal damage, because the CO: laser
is strongly absorbed by water. Furthermore, due to the non-contact technique associated with the CO:
laser and adequate visualization of the treatment area, the laser system may provide every endoscopist

with more precise and safer treatment.
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Introduction

The development of the first carbon dioxide (CO2) laser
was firstly reported by C.K.N Patel in 1964. The CO: laser
has the following characteristics: the wavelength is 10.6
pm, which is highly absorbed by water and the thermal
coagulation depth in the target tissue caused by the inci-
dent CO: laser energy is shallower than that of the elec-
trosurgical knife. ¥ These characteristics lead to the devel-
opment of the so-called ‘laser scalpel’ which is to this day
widely used on soft tissues in the fields of dental/oral
surgery, otolaryngologic surgery, neurosurgery and in
dermatologic surgery.

On the other hand, in the field of gastroenterologi-
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cal surgery, the first study involving laser treatment was
reported in 1981 where a high output Neodymium: Yttri-
um Aluminum Garnet (Nd:YAG) laser was used to ablate
an early gastric cancer lesion?. Although the deep tissue
penetration characteristic of the Nd:YAG laser energy
made it highly effective for tissue coagulation and hemo-
stasis, at the same time it was unsuitable for use as a pre-
cision laser scalpel for that very same reason. Further de-
velopments of the use of laser in the field of
gastroenterology comprised the indication of the low out-
put excimer dye laser (EDL) and high tumor affinity pho-
tosensitizing agents (photosensitizers: PS), specifically
porfimer sodium, known as Photofrin®, which used in
combination allowed for tumor-specific destruction
through a photochemical cascade. Such treatment is re-
ferred to as photodynamic therapy (PDT) » and recent
developments in PDT with the use of diode laser energy
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combined with Laserphyrin (talaporfin sodium) as the
photosensitizer is considered to be the second generation
PDT. However, the indication of PDT in Japan is limited
to superficial esophageal and early gastric cancers of in-
operable and unsuited for endoscopic resection. PDT is
recently most used as a salvage treatment for local recur-
rences of esophageal squamous cell carcinoma following
chemoradiation therapy * >

In the field of gastroenterology, the role and impor-
tance of the endoscopic approach has been becoming vi-
tal for the treatment of early gastrointestinal cancers from
the standpoint of low invasiveness. Endoscopic mucosal
resection (EMR) which was developed in the 1980s is
performed by first injecting fluids such as normal saline
into the submucosal layer directly underneath the lesion
thereby lifting the lesion. A pre-looped metallic snare is
introduced to the elevated lesion, constriction of the
snare and electrical cauterization follows, and the lesion
is resected. This procedure is relatively simple and its use
has spread throughout the world. However, when the
size of the lesion is greater than 2 cm, larger than the size
of the snare, or when the lesion is located at difficult
sites, en-bloc resection becomes difficult. However, in the
early 2000s, the snare was replaced by electrosurgical
knife. The mucosa was cut open to reveal the submuco-
sal layer and direct dissection of the submucosal layer
and resection of the lesion was achieved. This newly de-
veloped procedure was named endoscopic submucosal
dissection (ESD). This procedure made possible the en-
bloc resection of lesions regardless of the size and loca-
tion of the lesion and allowed for more detailed patho-
logical evaluations. This made-in Japan innovative
procedure is something the Japanese should be proud of
and is spreading both domestically and internationally
year by year. However, it does have its drawbacks such
as requiring the endoscopists to have expertise in the
procedure. Crude maneuvering of the endoscope or ex-
cessive electrocauterization readily lead to perforations
and bleeding, especially when the procedure is being
performed on a thin-walled gastrointestinal tract®. Pres-
ently, to improve the safety of the procedure, submucosal
injection with viscous agents such as sodium hyaluronate
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have been attempted to increase the duration of the ele-
vation time of the lesion, and numerous changes in the
size and shape of the electrosurgical knife have been de-
veloped but the success of the procedure still relies on
the skill and experience of each endoscopist. Recently
there is an increase in the prevalence of colorectal can-
cer, probably in proportion to the increase in a Western-
ized diet, of not only in Japan but throughout the world,
and dissemination of a safer and easier endoscopic pro-
cedure is warranted. Such can only be achieved through
new developments in techniques and hardware.

Purpose

To develop a safer and easier gastrointestinal endoscopic
treatment, the authors firstly focused on the agent used
for the submucosal injection. The main component of
any agent would be water which would efficiently absorb
laser light in the mid-infrared (mid-IR) wavelength. The
authors hypothesized that the injections of agents such as
normal saline or sodium hyaluronate into the submucosal
layer would act as an absorber of mid-IR laser energy and
by replacing the electrosurgical knife with a COz2 laser,
the injected agents would act as a buffer, making the pro-
cedure less invasive for the muscle propria layer and thus
realizing a safer mucosal incision and submucosal dissec-
tion. The purpose of this study was to develop a novel
CO:z2 laser device to be used with endoscopes Figure 1).

Materials and methods

The development of CO: laser device fit for flex-
ible endoscopes.

When using the Nd:YAG laser, laser light was transmitted
through conventional silica fibers passed through the for-
ceps channel of the endoscope. In the case of the CO: la-
ser, this was not possible as laser energy at the CO:
wavelength was absorbed in the normal fiber, destroying
it. CO2 laser energy normally needed to be transmitted by
multi-jointed mirrors in an articulated arm. The first and
foremost requirement was developing a flexible fiber that

Target lesion

Fig. 1: Comparison between conventional
and laser ESD. Compared to
conventional ESD using electric
surgical knives, ESD using CO: laser
method has an advantage of less
risk of perforation and massive
thermal damage, because the CO2
laser is strongly absorbed by water
in saline or sodium hyaluronate.
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was capable of transmitting COz2 laser energy. This study
received technical support from J. Morita MFG Corp. and
a novel CO: laser device was developed where a hollow
optical fiber with inner/outer diameters of 0.53/0.66 mm
and a length of 2.6 m was used to transmit the laser light.
During actual endoscopic procedures, flexion of the tip
of the endoscope may be as much as 210°, but by using
a small diameter hollow optical fiber, damage to the fiber
due to over-flexion can be avoided and the transmission

Laser ESD system

Endoscope

of CO: laser energy was made possible. Since CO: laser
light was invisible to the human eye, an aiming beam
from a laser in the visible spectrum was required to show
the actual incident point of the COz: laser. This fiber is
also capable of simultaneously transmitting visible laser
light at the wavelength 642 nm. A small volume of air
was pumped through the hollow optical fiber to avoid
any clogging within the fiber and water was circulated
around the exterior of the fiber to avoid any thermal

T = Hollow optical fiber

Inner diameter: 530 pm
Quter diameter: 850 pm
Length: 265m

Head of the endoscope

*CO, laser 106 um
* Visible guide laser
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Fig. 3: “Hot tip” device. Vessel coagulation is possible by
laser irradiation to the tip of the device and
submucosal dissection is possible by using
hooking part.

ESD using CO, laser

Carbon dioxide (CO,) laser

Improvement of transmission efficiency

Fig. 2: Laser ESD system. The
inner diameter of the fiber

Wavelength: 10.6 pm was 530 pm and the fiber
Qperation mode: Continuous wave (CW) can simultaneously
Output power: < 15W transmit a visible laser as a
guide laser. Prototype III
was developed for the
miniaturization purpose of miniaturization

and improvement of
transmission efficiency.
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Fig. 4: The infrared absorption spectra of saline, sodium
hyaluronate, and porcine stomach mucosa. 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.
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damage to the fiber caused by escaping laser energy. The
CO:z2 laser hardware used was a commercially available
unit, where modifications were made to miniaturize the
unit and improve transmission efficiency (Figure 2).

To deal with intra-procedural hemorrhage and
blood vessel sealing, a novel hot-tip type hemostat was
also developed. Laser irradiation of the tip of the device
heats the tip enabling vessel coagulation. The hooked
part of the device allows the grasping of tissue and can
be used directly for the dissection (Figure 3)

In vitro experiments

Relevant absorption spectra of the CO: laser

The infrared absorption spectra of saline, sodium hyaluro-
nate and porcine stomach mucosa measured with a mi-
cro-Fourier transformation infrared spectrophotometer (FT-
520, Horiba, Ltd.) was shown in Figure 4. At the
wavelength of 10.6 pm, the wavelength of the CO: laser,
the absorption coefficients of the injection agents were 8

(a) (b)
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Submucosa +
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times higher than that of the stomach mucosa, which
meant that, as Figure 4 demonstrated, CO: laser energy
was highly absorbed by the submucosal injection agents”.

CO: laser irradiation of resected porcine stomach
The authors have previously reported on the effect of
CO:s laser irradiation of resected porcine stomach tissue,
thickness of the mucosal layer was 2 mm, which was irra-
diated with a CO: laser at an average power density of
1300 W/cm?, and an irradiation time from 0 to10 s with
or without submucosal injections. The result of this ex-
periment was that, without submucosal injection, the mu-
cosa was incised at 1 s, the laser energy reached the mus-
cle layer at 3 s and perforation through all layers
occurred from 5 s onwards. Laser irradiation with submu-
cosal injections resulted in incision of the mucosal layer
only at 10 s and no damage to the muscle layer” (Figure
5).

Fig. 5: The CO: laser irradiation for porcine resected stomach with (a) or without (b) saline injection into
the submucosal layer. Perforation was only observed without submucosal injection.

CO2 laser

Conventional

Fig. 6: Comparison of resected specimen between conventional and Laser ESD. Red line shows
muscularis mucosa and blue line shows dissecting surface of submucosa. The smoothness of the

dissecting surface was seen in the Laser ESD.
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Fig. 7: Rectal Laser ESD for hypothetical lesion. (a) Marking. (b)
Injection. (c) Mucosal incision. (d) Submucosal dissection.
(e) Ulcer bed after ESD. (f) Resected specimen.

Fig. 8: “Hot tip” device for hemostasis and dissection. (a) Bleeding from vessel. (b) Coagulation by the
tip of “Hot tip” device. (¢) Hemostasis was seen. (d) Submucosal dissection by “Hot tip” device.
(e) Vessel sealing by the blade of “Hot tip” device. (f) Submucosal dissection was finished
successfully without damage of muscle layer.

ESD using CO, laser 93
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In vivo experiments

1. Based on these results, ESD was performed on the
stomachs of minipigs (LWD, 18.5 kg) under general an-
esthesia using both laser and conventional electrosurgi-
cal knife (Flushknife-BT 2.5 mm: FUJIFILM Corp., Ja-
pan), and the results regarding safety and efficacy were
compared. Fourteen hypothetical lesions were marked
with the laser on the anterior and posterior walls of the
antrum, lower-, mid- and upper- body of the stomach.
Each lesion measured 1 cm in diameter. The endo-
scope (GIF-Q260]: Olympus Corp., Japan) used was a
widely accepted endoscope for ESD procedures. The
submucosal injection agent was sodium hyaluronate
(MucoUp: Seikagaku Corp., Japan) diluted with saline
1:1. The needle used for the injection was the impact
flow H type 25 gauge needle (TOP Corp., Japan) and
the endoscope tip attachment was the short ST hood
(FUJIFILM Corp., Japan). The high frequency generator
for the electrosurgical knife was the VIO200S (ERBE,
Germany). The settings for the ESD in the mini pigs
were the same as the ones used in human patients.
Mucosal electrosurgical incisions were done at Endocut
I mode (effect 2, duration 4, interval 2), while the sub-
mucosal dissections were performed with Forced coag-
ulation mode (effect 3, 50 W). The maximum output of
the laser was 15 W but laser outputs of 1 W, 6-10 W
and 3-5 W were used for marking, mucosal incision
and submucosal dissection, respectively.

2. Similarly, laser ESD was performed on 6 hypothetical
rectal lesions 2 c¢cm in diameter, which had thinner
walls, and the safety and efficacy were assessed. The
laser outputs were 1 W for marking, 3 W for mucosal
incisions and 3-5 W for submucosal dissections.

3. The hot-tip type hemostat was used experimentally to
control hemorrhage during the procedures on the
stomach. The hemostat was tested also for its capability
in submucosal dissection. To ensure prompt response,
the laser output was set at 10 W.

These experiments were performed following ap-
proval by the ethics committee for animal experimenta-
tion within the Kobe Medical Device Development
Center (MEDDEOQ).

Results

1. An expert in ESD, having performed over 2000 cases,
and a novice with experience of less than 50 proce-
dures each performed 7 ESD procedures on the mini
pigs using both laser and the conventional electrosurgi-
cal knife. All resections were made en-bloc with no
perforation. The average diameters of the resected
specimens were 21.0 + 3.2 mm for the conventional
electrosurgical knife ESD group and 24.3 + 8.0 mm for
the laser ESD group, but the difference was not signifi-
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cant. The average procedure time was 9.4 + 6.6 min-
utes and 23.3 + 10.8 minutes for the conventional elec-
trosurgical knife ESD group and laser ESD group,
respectively. Laser ESD took significantly longer (p <
0.05), however, observation of the resected specimens
revealed that the dissection surfaces were smoother
and more uniform with less thermocoagulation in the
laser ESD group compared to that of the electrosurgical
knife ESD group (Figure 6).

2. Similarly, ESD was performed in the rectum with no
perforation and the resected specimens showed uni-
form dissection surfaces with only mild thermocoagu-
lation (Figure 7).

3. The novel hot-tip type hemostat achieved pinpoint co-
agulating hemostasis when using the tip and was also
able to dissect the submucosal layer safely without
causing perforation using the hooked part of the de-
vice (Figure 8).

Discussion

In this study the authors attempted to develop and intro-
duce a novel, safer ESD procedure to the field of gastro-
enterology by applying the CO: laser and utilizing the
specific characteristics of mid-IR laser light. As stated
above, the number of patients requiring ESD is growing
around the world. In the case of thin-walled organ such
as the colon, perforation caused by ESD is reported to be
5% in even the most experienced, specialized facilities in
Japan. The perforation rate limited to Western countries
rises to 8.6 % and is one of the reasons that this proce-
dure cannot be easily accepted. One of the reasons for
this discrepancy of perforation rates is that endoscopists
in Japan gained experience in ESD through gastric lesions
where the wall of the stomach is relatively thick and gas-
tric lesions are rather common in Japan. The endosco-
pists may subsequently step up to the more challenging
ESD for colonic lesions. In Western countries, on the oth-
er hand, the gastroenterologists must face ESD of the co-
lon outright since gastric lesions are scarce in these coun-
tries. The growing number of novel or newly developed
devices to enhance the safety and efficiency of ESD
reaching the market speaks for itself, and gives a strong
indication that conventional ESD is reaching its limit.

In this study the authors proved that by replacing
the electrosurgical knife with the CO:2 laser and by inject-
ing light absorbers such as saline into the submucosal
layer, selective resection of the mucosa was possible
while preventing perforation at the same time. Further-
more, during dissection of the submucosal layer, laser en-
ergy absorbed by water vaporized tissue slowly and dis-
sections proceeded as if the tissue were melting which
was completely different from dissection with electrosur-
gical knives, which was associated with sparking as the
system made contact with tissue. In conventional ESD,

Y. Morita, et al
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the tip of the electrosurgical knife must be kept in con-
tact with the tissue in an almost exquisitely precise fash-
ion. Therefore, it has been reported that, with electrosur-
gical knife having needle-type tips, the risk of perforation
increases. However, since laser ESD is performed in the
non-contact method, the field of vision can be enlarged
by drawing the scope back to visualize the whole proce-
dural setting. Better visualization may allow easier ma-
neuverability of the endoscope and may make ESD easier
for even novice endoscopists.

Furthermore, the importance of ESD lies not only in
the en-bloc resection of the lesions but also resection that
can withstand detailed pathological evaluations. In resect-
ed specimen with excessive coagulation, the evaluation
of tumor depth, venous and lymph duct invasion become
difficult so acquiring a specimen with abundant submu-
cosal tissue with a less coagulated layer is imperative. In
this study, specimens from the laser ESD group were
more uniform in thickness with less coagulated tissue.

Cautionary notes for laser ESD must be stated. One
being the indication of laser ESD for lesions overlying ul-
cer scar where strong fibrosis of the submucosal layer
may exist. The amount of light absorber injection may be
insufficient, and the risk of perforation may increase. This
would be the same for conventional ESD but since the
coagulation depth of laser is less than that of electrosurgi-
cal knife, ESD with a lowered laser output may allow for
a finer dissection and make it safer than conventional
ESD. Adding blue dye such as indigo carmine to the light
absorber may allow higher visualization of the submuco-
sal layer and permit better judgement between submuco-
sa and muscle layer. Another point to be aware of is the
time taken for laser ESD. If the laser irradiation takes too
long, the absorber may vaporize and therefore, perfora-
tion may become a risk and care must be taken.

The second cautionary note would be the lower he-
mostatic capability of laser ESD for hemorrhage during
the procedure. Formerly, this was looked at as a tradeoff
for the lower tissue damage of the laser compared to the
electrosurgical knife, but was considered a major chal-
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