
Introduction
During endoscopy for gastrointestinal bleeding, it is often diffi-
cult to secure the visual field due to massive bleeding in the lu-
men. Although the water immersion technique has been used
[1–3], it often fails to secure the visual field, because injected/
infused water is rapidly mixed with blood and residue. Although
endoscopic resection with the water (water or saline) immer-
sion technique has become popular [4–7], it is difficult to se-
cure the visual field in case of intraprocedural bleeding [7]. In
order to solve these problems, we developed a novel technique
called “gel immersion endoscopy” [8]. Clear gel is injected
through the accessory channel instead of water. The viscous

gel displaces luminal blood, clots and residue. In the space oc-
cupied by the gel, we can then easily secure the visual field and
perform endotherapy calmly and effectively. Its usefulness has
already been reported [9–11].

Although the gel for this technique could be also made by
mixing water and a generic gelling agent, it is challenging to
uniformly reproduce a gel with suitable clarity and appropriate
viscosity. We initially used a jelly-like drink “OS-1 jelly” (Otsuka
Pharmaceutical Factory, Japan) for this technique. This is a
dedicated rehydration-supplement for patients with dehydra-
tion composed of a gelling agent (polysaccharide-thickener),
electrolytes, carbohydrates, and water. It has appropriate visc-
osity for this technique. However, in this gel, cauterization
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ABSTRACT

Backgrounds and study aims Gel immersion endoscopy

is a novel technique to secure the visual field during endos-

copy. The aim of this study was to develop a dedicated gel

for this technique.

Methods To identify appropriate viscoelasticity and elec-

trical conductivity, various gels were examined. Based on

these results, the dedicated gel “OPF-203” was developed.

Efficacy and safety of OPF-203 were evaluated in a porcine

model.

Results In vitro experiments showed that a viscosity of 230

to 1900mPa·s, loss tangent (tanδ)≤0.6, and hardness of

240 to 540N/cm2 were suitable. Ex vivo experiments

showed electrical conductivity ≤220μS/cm is appropriate.

In vivo experiments using gastrointestinal bleeding showed

that OPF-203 provided clear visualization compared to wa-

ter. After electrocoagulation of gastric mucosa in OPF-203,

severe coagulative necrosis was not observed in the muscu-

laris but limited to the mucosa.

Conclusions OPF-203 is useful for gel immersion endos-

copy.
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using mono-polar hemostatic forceps is less effective, due to
dissipation of electrical current due to its high electrolyte con-
tent. Therefore, OS-1 jelly should be replaced with gas or water
before using the cautery [9] or bipolar devices should be used
in OS-1 jelly [11].

The requirements of a dedicated gel for gel immersion
endoscopy includes safe for use within the digestive tract, safe
for use for instruments, transparent, appropriate viscosity, and
low electrical conductivity. We developed and evaluated a dedi-
cated gel.

Material and methods (ex vivo)
Gels generally have mechanical properties that combine elasti-
city and viscosity, with the storage modulus (G') indicating an
elastic component and the loss modulus (G") indicating a vis-
cous component, the ratio of which (G"/G') is called the loss
tangent (tanδ). The tanδ is the phase difference between stress
and strain, a measure of how much external force applied to the
gel is preserved (or lost) and indicates a qualitative difference
of the gel, specifically the relative properties of the gel in vis-
cous form, such as starch syrup, and in elastic form, such as
rubber. To identify appropriate viscoelasticity and electrical
conductivity which are required for gel immersion endoscopy,
various gelling agents (xanthan gum, locust bean gum, guar
gum, tara gum and/or carboxymethyl cellulose) and their ratios
were examined in vitro.

To verify ability to secure the visual field and injectability
through the catheter, 16 gels with various viscoelastic proper-

ties were injected through a 2.5-mm, 1000-mm-long catheter
into a Dean-Stark trap filled with 1% Evans Blue (▶Fig. 1).

Results (ex vivo)
Of the 16 gels with various viscoelastic properties, 10 gels had
both the ability to secure the visual field and to be injectable
through the channel. All the tanδ of the viscoelastic gels that
were concluded to be “acceptable” in securing the field of
view were about 0.6 or less, while those with a higher tanδ
were considered “unacceptable.” Gels considered to have “suit-
able” injectability had a viscosity of about 1900mPa·s or less
and a hardness of about 550N/cm or less (▶Fig. 2). It was found
from these results that viscoelastic properties including a visc-
osity of 230 to 1900mPa·s, tanδ ≤0.6 and hardness of 240 to
540N/cm2 were needed to meet the goals of a dedicated gel.

Animals
All animal studies and procedures were approved by the Com-
mittee on the Care and Use of Laboratory Animals, Otsuka
Pharmaceutical Factory, Inc. in full compliance with Japanese
regulations. Male SD rats (Charles River Laboratories Japan, Yo-
kohama, Japan) and female LWD pigs (National Federation of
Agricultural Cooperative Associations, Okayama, Japan) were
housed for a minimum of 1 week before experiments under
laboratory conditions (temperature, 23±3°C; humidity, 55±
15%; 12-hour light-dark cycle) and fed a standard laboratory
diet and water ad libitum.

▶ Fig. 1 a Dean-Stark trap, filled with 1% Evans Blue. b Injection of pilot gel with optimal viscoelasticity creates a transparent space. c When
injecting pilot gel with unsuitable viscoelasticity, it mixes with the pigment immediately.

Yano Tomonori et al. Development of a… Endosc Int Open 2021; 09: E918–E924 | © 2021. The Author(s). E919



Material and methods (ex vivo)
After the rats were euthanized, the liver was removed and a
plastic cylinder (1.5-cm diameter and 3 cm long) was put on
the surface of the liver, and each test sample including pilot
gels was extracted into the cylinder. To verify the efficacy of
electrocoagulation, high frequency electrical current using the
dry mode 20W (SurgiStat II, Medtronic Japan, Tokyo, Japan)
from a monopolar electrosurgical pencil (E1450X, Medtronic,
Dublin, Ireland) was applied for two seconds on the surface of
a rat liver.

Results (ex vivo)
In air, distilled water and pilot gel (224μS/cm or less), electro-
coagulation was effective. In the saline or OS-1 jelly, electrocoa-
gulation was not effective (▶Table 1 and ▶Fig. 3).

Materials and methods (in vivo)
After identifying appropriate viscoelasticity and electrical con-
ductivity, the standardized dedicated gel “OPF-203” was pro-
duced. Its ingredients include xanthan gum, locust bean gum,
concentrated glycerin, and distilled water. Its electrical conduc-
tivity was adjusted to less than 200μS/cm. Efficacy and safety
of OPF-203 were evaluated in a porcine model.

A porcine model of gastrointestinal bleeding was used to
evaluate the ability to identify the bleeding point and inject-
ability through the accessory channel. After insertion of the
endoscope under anesthesia, a 6 Fr enteral feeding extension
tube was fixed to the gastric or colonic mucosa. A thread was
tied to the tip of the tube, the endoscope was inserted while
grasping the thread with hemostatic forceps, and the thread
was fixed to the mucosa with a hemo-clip. Fifty-mL heparinized
porcine blood was pre-infused through the catheters, followed
by continuous infusion at a rate of 15mL/min for 1 second with

a 1-second pause. An endoscope (GIF-H260Z, Olympus, Tokyo,
Japan) with an accessory channel 2.8mm in diameter was used
to inject 200 to 400mL of OPF-203 into the stomach or colon.
To test the gel in a more difficult setting than water, a cylindri-
cal hood was used for the water immersion technique and not
used in the gel immersion technique using OPF-203.

Electrocoagulation performance was evaluated using nor-
mal stomach. After insertion of the endoscope under anesthe-
sia, the stomach was filled with air, OPF-203 or saline. High fre-
quency electrical current was applied to the gastric mucosa
using monopolar hemostatic forceps (FD-410LR, Olympus, To-
kyo, Japan) with the soft coagulation mode 80W (effect 7,
VIO300D, ERBE, Germany) for two seconds.

A porcine colonic mucosal injury model was used to assess
the biological safety of OPF-203. After insertion of the endo-
scope under anesthesia, a biopsy was taken using Radial Jaw 4
(Boston Scientific, Massachusetts, United States). After taking
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▶ Fig. 2 Results of the in vitro experiment for identification of appropriate viscoelasticity. Loss tangent (tanδ) is defined as the ratio between
the loss modulus (G’’) and the storage modulus (G’).

▶Table 1 Identification of appropriate electrical conductivity.

Test Material Electric conductivity

(µS/cm)

Electrocoagulation

Air      0 Effective

Distilled water < 10 Effective

Pilot gel     18 Effective

    53 Effective

   103 Effective

   224 Effective

   608 Not effective

Saline 16 000 Not effective

OS-1 jelly  7130 Not effective
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five biopsy specimens in the colon, 200mL of OPF-203 was in-
jected in four animals as the OPF-203 group, and nothing was
injected in the other four animals as the control group. Endo-
scopic observation and euthanasia were performed one day
afterward in two animals in both groups, three days after in
the remaining two animals of both groups. Damaged colonic
mucosa was evaluated histopathologically.

Results (in vivo)
In the porcine model of gastrointestinal bleeding, the dedica-
ted gel “OPF-203” easily passed through the accessory channel
≥2.8mm. It was impossible to see the bleeding point in the
stomach and the large intestine by using the water immersion
technique in three of three attempts. In contrast, it was possi-
ble to see the bleeding point by using the gel immersion tech-
nique with OPF-203 in three of three attempts in both the
stomach and large intestine, even without a cylindrical hood
(▶Fig. 4 and ▶Video 1). Aspiration of OPF-203 through the
channel was possible after the procedure.

In the porcine model to assess electrocoagulation by using
monopolar hemostatic forceps (▶Video 2), sufficient coagula-
tive necrosis was observed in both the air and OPF-203 groups
up to the submucosal tissue. Sufficient coagulation was not
achieved in the saline. No coagulative necrosis of the muscu-
laris was observed in all group (▶Fig. 5 and ▶Fig. 6; ▶Table 2).
It was easy to grasp the mucosa at the intended site. During the

procedure, the visibility through the OPF-203 did not change
and the visual field was well maintained.

In the porcine model for assessing the biological safety of
OPF-203, there was no difference in endoscopic findings be-
tween OPF-203 and the control group three days after biopsy.
There was no difference in histopathological findings compar-
ing the two groups. Findings of tissue healing were observed
in both groups three days after biopsy (▶Table 3). OPF-203 did
not interfere with wound healing of damaged colonic mucosa.

▶ Fig. 3 Results of the ex vivo experiment. In air, distilled water and pilot gel (224 μS/cm or less), the electrocoagulation was effective. In the
saline or OS-1 jelly, electrocoagulation was not effective.

▶ Fig. 4 In vivo experiment in the porcine model of gastrointes-
tinal bleeding. a It was impossible to identify the bleeding point
by using the water immersion technique. b The OPF-203 enables
clear visualization of the bleeding point.
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Discussion
In vitro evaluation revealed that gel with a tanδ <0.6 makes it
possible to create a working space with good visibility that pre-
vents mixing with blood. In endoscopic hemostasis, blood can-
not penetrate or diffuse into the gel, facilitating identification
of a bleeding point in otherwise difficult circumstances.

Ex vivo studies suggest that effective electrocoagulation
using mono-polar devices including hemostatic forceps is pos-
sible in gel with 220μS/cm or less conductivity. The electrical
conductivity does not necessarily have to be zero. Electrocoa-
gulation worked adequately in the OPF-203 (actual measure-
ment: less than 30μS/cm).

In vivo studies showed that the gel immersion technique
using the dedicated gel OPF-203 is useful to secure the visual
field in a porcine model of gastrointestinal bleeding. Electro-
coagulation using mono-polar hemostatic forceps is useful in
OPF-203. Biological safety was also confirmed in the porcine
model. Based on these results, gel immersion technique with
OPF-203 enables electrocoagulation using mono-polar devices
in the gel. It facilitates control of the bleeding in various set-
tings including intraprocedural bleeding in endoscopic submu-
cosal dissection and endoscopic mucosal resection using the
water immersion technique. Since the viscoelasticity of OPF-
203 was selected specifically using criteria to facilitate endo-
scopic use, OPF-203 is easier to inject through the accessory
channel than OS-1 jelly.

Conclusions
OPF-203 has been available in the Japanese market as “VISCO-
CLEAR” since October 2020.We expect that the gel immersion
technique using “VISCOCLEAR” facilitates endoscopic hemo-
stasis in difficult circumstances in clinical practice.

VIDEO

▶ Video 1 In the porcine model of gastrointestinal bleeding, it
was impossible to see the bleeding point by using the water im-
mersion technique. In contrast, it was possible to see the bleed-
ing point by using the gel immersion technique with OPF-203,
even without a cylindrical hood.

VIDEO

▶ Video 2 In the porcine model to assess electrocoagulation by
using monopolar hemostatic forceps, sufficient electrocoagula-
tion was observed in both the air and OPF-203 groups. Sufficient
electrocoagulation was not achieved in the saline.

▶ Fig. 5 Resected specimen of the stomach in a porcine model
to assess electrocoagulation. Effective electrocoagulation by using
monopolar hemostatic forceps was observed a in the air and
b OPF-203, c not observed in the saline.

▶Table 2 Coagulative necrosis after cauterization in the stomach of
the porcine model.

Tissue layer Air OPF-203 Saline

Mucosal epithelium +++ (3/3) + ++ (3/3) + (3/3)

Lamina propria + ++ (3/3) + ++ (3/3) + (3/3)

Muscularis mucosae to
submucosa

+++ (3/3) + ++ (3/3) − (3/3)

Muscularis − (3/3) − (3/3) − (3/3)

Grade: normal (–), mild (+), moderate (++), and severe (+ ++).
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