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Background/Aims: Chitosan, a natural polymer widely used in the biomaterials field, has been
proposed as a potential submucosal injection solution. The purpose of this study was to com-
pare the performance and efficacy of aqueous chitosan solution and commercialized submucosal
injection fluids using a three-dimensional sensor and to evaluate the efficacy of the measured
parameters.

Methods: Normal saline (0.9% NaCl), as a control, Eleview® (Poloxamer 188), Blue Eye™ (0.4%
hyaluronic acid), and aqueous chitosan solution (2.0%) were injected into the submucosa of
porcine stomachs ex vivo. The mucosal elevation height, elevated surface area, and angle of the
tangent of the submucosal fluid cushion were measured using a three-dimensional sensor. The
rates of change for each variable were calculated, and the correlation between parameters was
analyzed. Tissue specimens were stained with hematoxylin and eosin.

Results: All variables exhibited the highest values under chitosan injection. The mucosal el-
evation height rate of change differed significantly between normal saline and chitosan solution
(p=0.024). The elevated surface area rates of change for normal saline and Eleview® were sig-
nificantly different from those for TS-905 and chitosan solution (p=0.006 and p=0.009, respec-
tively). Further, height, area, and angle showed a positive correlation (p<0.001). A histological
examination revealed an even distribution of aqueous chitosan within the submucosa without
tissue damage.

Conclusions: Aqueous chitosan was superior to normal saline and Eleview® and was nonin-
ferior to TS-905. A three-dimensional sensor and the measured parameters were effective and
useful for evaluating the performance of submucosal fluids. (Gut Liver 2021;15:217-224)
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sional

INTRODUCTION

Since the introduction of endoscopy for the diagnosis
and treatment of gastrointestinal tract disease, therapeutic
endoscopy has become a key tool for the removal of pre-
malignant and malignant lesions.' One of the most impor-
tant techniques used during therapeutic endoscopy is the
creation of a submucosal fluid cushion (SFC) via injection

of a fluid into the submucosa, which elevates the mucosa
of the lesion into a hemispherical shape. The SFC me-
chanically and thermally protects the muscularis propria
and helps to prevent complications, such as thermal injury,
bleeding, and perforation.” At present, multiple submuco-
sal injection fluids are available, and their advantages and
disadvantages are widely contested.

Over the past 20 years, many studies have assessed the
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performance of various submucosal injection fluids.”*
Among them, there are currently validated commercial
products such as MucoUp® (0.4% hyaluronic acid) and
Eleview® (Polaxamer 188), which were approved by the
Food and Drug Administration in 2015. Nevertheless,
several shortcomings of the available submucosal injection
fluids reiterate the need to find effective, safe, and cost-
saving submucosal solutions. Recently, several researchers
have drawn attention to the potential of using photocross-
linkable chitosan (PCH) as a submucosal fluid.”" Notably,
chitosan, the main component of PCH and the second
most abundant biopolymer in nature, is a polysaccharide
copolymer of glucosamine and N-acetyl glucosamine pro-
duced by the deacetylation of chitin.”” Chitosan is consid-
ered an innocuous substance,"* exerting hemostatic," anti-
microbial,"® and antitumor effects,” and has been shown to
promote wound healing." Furthermore, chitosan itself is a
highly viscous insoluble substance, which can be dissolved
in an acidic solvent to form an aqueous solution. Given
these advantageous properties, chitosan has been consid-
ered a strong candidate for use as a submucosal injection
fluid. However, although current chitosan-associated
research has focused on phase-change tests of PCH follow-
ing exposure to ultraviolet (UV) radiation, there is a lack of
data comparing chitosan with other solutions. In addition,
PCH requires more preparation equipment and time be-
fore it can be applied to therapeutic endoscopy compared

to the conventional method.

Therefore, we designed a simplified aqueous chitosan
submucosal injection solution and hypothesized that it
would create an elevated, convex SFC and would perform
significantly better than clinically available submucosal
injection fluids. Thus far, SFC studies have utilized rulers
and photographic tools to assess the height of SFCs ex vivo,
although three-dimensional (3D) sensors are already in
use in the industrial and medical fields, especially in plastic
surgery'’ and dentistry.” Accordingly, the aim of this study
was to evaluate the performance and efficacy of aqueous
chitosan as a submucosal solution relative to convention-
ally used submucosal fluids. Additionally, we confirmed
the efficiency of newly introduced parameters using a 3D
Sensor.

MATERIALS AND METHODS

1. Ex vivo porcine stomach model

The pigs used in the experiment were female hybrids
with a bodyweight of 40 kg. All animals were quarantined
for one week prior to the start of the study and fasted the
day before the experiment. The average temperature in the
laboratory was 21.3°C, and the humidity was 57.6%. All
experiments were approved by the Institutional Animal
Care and Use Committee of Korea University and were
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Fig. 1. Image of the three-dimensional (3D) scanner and cross-section of the submucosal fluid cushion based on the reconstructed 3D image.
(A) A 2.5-mL syringe with a 23-gauge injection needle. From left to right, normal saline, Eleview®, TS-905, and aqueous chitosan solution, (B) 3D
scanner acquiring data, (C) cross-section of the submucosal fluid cushion based on the reconstructed 3D image, (D) mucosal elevation height, (E)

elevated surface area, and (F) angle of the tangent.
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performed under supervision in a licensed animal labora-
tory (IACUC approval number: KOREA-2018-0116).

2. Specimens and injection method

Pigs were sacrificed via intravenous injection of KCI (2
mmol/kg), and the stomach was excised within 30 minutes
after sacrifice. Only the stomach body was used, and the
tissue was fixed on a 5x5 cm cork plate with pins. One mil-
liliter of each solution was injected tangentially (at a 45°
angle) into the stomach tissue using a 2.5 mL syringe with
a 23-gauge needle at a rate of 0.5 mL/s. The experiment
was repeated eight times, and all injections were performed
by the same individual.

3. Injection solutions

In total, four solutions were prepared for injection (Fig.
1A): normal saline (NS; JW Pharmaceutical Corporation,
Seoul, Korea), a 0.9% solution of NaCl; Eleview® (Aries
Pharmaceuticals Inc., San Diego, CA, USA), a low-viscos-
ity emulsion fluid containing poloxamer 188, polyoxyl-
15-hydroxystearate, medium-chain triglycerides, methy-
lene blue, and sodium chloride in water; TS-905 (Blue
Eye™; The Standard Co. Ltd., Gunpo, Korea), a solution
of 0.4% hyaluronic acid mixed with methylene blue; and a
2.0% aqueous chitosan solution (degree of deacetylation,
95%; molecular weight, 20-100 kDa; Heppe Medical Chi-
tosan GmbH, Halle, Germany).

4. Physicochemical properties of injection solutions
The viscosity, injection pressure, and pH of the solu-
tions used in the experiments were measured (Table 1).
The viscosity was measured at 100 rpm, 15 cP, and 25°C
for 1 minute using an SC4-34 Spindle DV1 Viscometer
(AMETEK Brookfield, Middleboro, MA, USA). The injec-
tion pressure was measured using a Push-Pull gauge, DS2-
200N (IMADA Inc., Northbrook, IL, USA), and a Tensile
Strength Tester (test speed 100 mm/min) with an injec-
tion needle, NM-200U-0423 (Olympus, Tokyo, Japan) at
25°C. pH was measured at 25°C using an Orion Star A215
(Thermo Fisher Scientific Inc., Waltham, MA, USA).

Table 1. Physicochemical Characteristics of the Solutions Used for
Submucosal Injection

Solution pH Viscosity, cP Injection pressure, N
Normal saline 6.08 0.80 5.25
Eleview® 6.00 5.60 15.74
TS-905 6.93 8.40 20.70
Chitosan solution 6.04 7.40 20.40

5. Three-dimensional sensor

The 3D sensor, Gocator® 3110 (LMI Technologies, Inc.,
Burnaby, BC, Canada), was mounted on a flat desk in an
animal laboratory and connected to a computer. The 3D
sensor scanned the SFC with high resolution at a speed of
5 Hz, using a non-contact method (Fig. 1B). The images
were captured every 5 minutes for 30 minutes and were an-
alyzed using the Gocator Emulator, a stand-alone applica-
tion. The captured two-dimensional image was converted
into a 3D image to estimate the shape of the SFC (Fig. 1C).

6. Study endpoints

Our primary endpoint was the efficacy of aqueous chi-
tosan solution in comparison with other solutions using a
3D sensor. Three variables were estimated by the 3D scan-
ner directly; mucosal elevation height (MEH), the conven-
tional parameter, elevated surface area (ESA), and angle
of the tangent (AOT), which are newly introduced. MEH
was defined as the vertical distance between the bottom
plane of the tissue and the peak of the SFC (Fig. 1D). ESA
was defined as the ESA from the bottom of the tissue of
the SFC (Fig. 1E). AOT was defined as the angle between
the tangent line and the bottom plane (Fig. 1F). Moreover,
the rate of change for each parameter was calculated and
compared to consider differences over time for efficacy as-
sessment. The rate of change was defined as the amount of
change over 30 minutes from the initial injection point for
each parameter. Secondary endpoint was to assess addi-
tional parameters measured by the 3D sensor, namely ESA
and AOT. Correlation analysis was conducted to define
how similar the newly introduced variables, ESA and AOT,
tend to be with the conventionally used MEH.

7. Histopathology

To compare the submucosal tissue injury induced by
the SFC, the stomach tissue was fixed in 10% formalin
solution. After the tissue was embedded in paraffin, it was
sliced into 5 um-thick sections, mounted on a slide, and
stained with hematoxylin and eosin.

8. Statistical analysis

The nonparametric Kruskal-Wallis method was used
to compare the results generated after the injection with
each one of the four solutions. A mixed model for repeated
measurement was used to confirm the difference in the
pattern of changes between the solutions over time. Ad-
ditionally, the Dwass, Steel, and Critchlow-Fligner method
was used for post-hoc analysis. The correlation coefficients
were determined between the three variables. All analyses
were performed in SAS 9.4 (The SAS Institute, Cary, NC,
USA). All p-values lower than 0.05 were considered significant.
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RESULTS

1. MEH, ESA, and AOT change over time

The plots of change over time for the MEH, ESA, and
AOT are depicted in Fig. 2. Notably, the initial MEH, ESA,
and AOT values were significantly higher for the chito-
san solution, Eleview®, and TS-905, than for NS (MEH,
p<0.001; ESA, p<0.001; AOT, p<0.001). Further, the initial
values of MEH and ESA were not significantly different
between the chitosan solution, TS-905, and Eleview®,
while the initial AOT values were significantly higher for
the chitosan solution than for Eleview® (p=0.040). How-
ever, as the experiment progressed, significant differences
were observed between the solutions except for the NS. Af-
ter 5 minutes, Eleview” began to differ significantly from
the chitosan solution and TS-905 in terms of MEH (Ele-
view® vs chitosan, p=0.002; Eleview® vs TS-905, p=0.002),
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ESA (Eleview® vs chitosan, p<0.001; Eleview® vs TS-905,
p<0.001), and AOT (Eleview® vs TS-905, p=0.012), and
these differences were maintained for 25 minutes. During
the experiments, there were no significant differences be-
tween the chitosan solution and TS-905 in terms of MEH,
ESA, or AOT.

2. Rate of change of MEH, AOT, and ESA

To evaluate the performance of each submucosal fluid,
the rates of change for each solution over the first 30 min-
utes after injection were also compared (Supplementary
Table 1). According to our data, the rates of change of
MEH and ESA were significantly different between solu-
tions (MEH, p=0.008; ESA, p<0.001), but the rate of change
of AOT did not differ between treatments (p=0.073). Post-
hoc analyses were then performed to determine which
solutions exhibited the highest efficiency (Fig. 3). Accord-
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Fig. 2. Changes in variables over time. (A} Mucosal elevation height (MEH), (B) elevated surface area (ESAJ, and (C) angle of the tangent (AOT). Data
were assessed for significance using a mixed model for repeated measurements. Symbol 4 time required for a significant difference in the MEH
to develop between Eleview® and aqueous chitosan solution; symbol ®: time required for a significant difference in the MEH to develop between
Eleview® and TS-905.

NS, normal saline: EL, Eleview®: TS-905, hyaluronic acid; AC, aqueous chitosan. *p<0.05, *p<0.01 , 1p<[).[]01.
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Fig. 3. Median rates of change in the four injection fluids. The boxplot shows the rate of change for each variable. Significant differences among in-
dividual solutions were assessed using the Dwass-Steel-Critchlow-Fligner method. (A] Mucosal elevation height (MEH), (B) elevated surface area
(ESA), and (C) angle of the tangent [AOT). Symbol O: outlier; symbol <: mean value.

Table 2. Pearson Correlation Coefficient (p) between Variables

Pearson correlation

Variable coefficient p p-value
MEH-ESA

0 min 0.804 <0.001
30 min 0.927 <0.001
MEH-AQT

0 min 0.809 <0.001
30 min 0.885 <0.001
ESA-AQT

0 min 0.838 <0.001
30 min 0.900 <0.001

MEH, mucosal elevation height; ESA, elevated surface area; AOT,
angle of tangent.

ingly, the MEH rate of change was significantly different
between NS and chitosan solution (p=0.024), as was the
ESA rate of change between NS and TS-905 (p=0.006) and
NS and chitosan solution (p=0.006). Furthermore, there
were significant differences in the ESA rate of change be-

tween Eleview” and TS-905 (p=0.009) and Eleview® and
chitosan solution (p=0.009).

3. Correlation between MEH, AOT, and ESA

Potential associations between MEH, ESA and AOT
were analyzed and confirmed. The Pearson correlation co-
efficients revealed statistical significance (p<0.001) at both
0 and 30 minutes after injection and demonstrated a strong
positive correlation among the measured variables (Table
2).

4. Histological evaluation

Chitosan solution, TS-905, and Eleview”, all exhibited
an even distribution within the submucosa. Tissue sections
of the SFC showed no muscle damage. At x400 magnifica-
tion, the vessel appeared intact, and the mucosal and sub-
mucosal layers were separated from the margin, without
damaging the surrounding tissue (Fig. 4).
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Fig. 4. Hematoxylin and eosin-stained sections of the marginal submucosal fluid cushion after solution injection (x400). Margins of the submucosal
fluid cushion produced by (A) Eleview®, (B) TS-905, and (C) aqueous chitosan solution.

DISCUSSION

Given the breadth of publications assessing and compar-
ing the performance of submucosal injection fluids, several
properties of these agents have been thoroughly described.
First, the ideal submucosal fluid should be harmless, cost-
effective, easily injected using a needle and readily available
in nature.”' Second, the viscosity of the submucosal fluid
correlates with the duration of elevation.” These require-
ments were, therefore, considered while evaluating the ef-
ficacy of aqueous chitosan as a submucosal injection fluid.

Various solutions have been assessed as submucosal
fluids, including solutions of methylcellulose,” hyaluronic
acid,’ dextrose,’ glycerol,” and hydroxyethyl starch.**
TS-905 is a solution of 0.4% sodium hyaluronic acid cer-
tificated by European Communities recently for use as a
submucosal solution. However, hyaluronic acid is relatively
expensive ($49.50-128.00 per mL)” and has ability to pro-
mote tumor cell growth.”* Conversely, newly emerged Ele-
® contains mainly poloxamer 188 that has proved its
effectiveness and safety for endoscopic mucosal resection
and dissection.” Although its price ($8.10 per mL) is lower
than that of hyaluronic acid, it has the disadvantages of in-
ducing smoke formation and impairment of visualization
during endoscopic submucosal dissection.”

PCH is made in the form of an Az-CH-LA aqueous so-
lution by adding an azide group (Az) and lactose moieties
to insoluble chitosan. This aqueous chitosan is crosslinked
by UV radiation, resulting in the conversion of the liquid
phase into a chitosan hydrogel. Although the utility of
PCH as a submucosal fluid has been documented, several
issues remain unaddressed. Importantly, conversion of the
solution into a hydrogel requires time and UV irradiation,
which causes tissue inflammation, while its safety remains
doubtful. Additionally, homogeneous UV irradiation is
difficult to achieve.'® Therefore, aqueous chitosan use was
explored because of the limitations of PCH. Aqueous chi-
tosan solution is a water-soluble polymer obtained through

view
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the neutralization of liquid chitosan, by mixing sodium
hydroxide with acetic acid. Moreover, aqueous chitosan,
unlike PCH, does not require UV irradiation.

Through this study, interesting characteristics of MEH,
ESA, and AOT were discovered across the different sub-
mucosal fluids. From baseline, significant differences
emerged between NS and the other solutions and were
maintained for 30 minutes. Significant differences were
noted between Eleview® and both chitosan and TS-905
within 5 minutes, but not between chitosan and TS-905
during the entire experimental period. Furthermore, TS-
905 and aqueous chitosan were the most viscous solutions,
followed by Eleview®” and NS. Therefore, aligning with
viscosity studies, the solutions can be classified in terms
of viscosity, i.e., high-viscosity, (chitosan, TS-905), low-
viscosity (Eleview®), and solutions with little viscosity
(NS). In this study, the injection pressure and viscosity
were compared concurrently. As previously demonstrated,
the higher the viscosity, the higher the injection pressure.”
Accordingly, chitosan and TS-905 had a similar injection
pressure, greater than Eleview” (Table 1). Hence, it is likely
that aqueous chitosan injection would be clinically conve-
nient.

Interestingly, our study also revealed the time point at
which the solutions began to differ. Specifically, the first 5
minutes were critical in determining the performance of
the SFC. These differences may be attributed, in part, to
the composition and state of the solution. Aqueous chito-
san and TS-905 are natural polymer solutions, while Ele-
view” is an emulsified aqueous solution.

MEH, ESA, and AOT were suitable for reflecting abso-
lute values at time points and showing the trends of change
over time, but they did not reflect the total decrement
compared to the initial values during the observation pe-
riod. Thus, the rates of change were devised in the perfor-
mance assessment. According to these results, chitosan was
the only solution to exhibit significant differences in the
MEH and ESA rates of change relative to NS. Conversely,
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the MEH and ESA rates of change were not significantly
different between Eleview” and NS or between TS-905 and
chitosan, indicating that the SFC sinks faster with NS and
Eleview” than with chitosan and hyaluronic acid during
the first 30 minutes. There was no significant difference in
the AOT rate of change, probably due to the lack of experi-
mental tissues. We assume that a larger cohort would allow
the generation of significant results. Further, the Pearson
correlation coefficient indicated positive correlations be-
tween parameters. Hence, the result proves that the better
performing SFC provides a higher and wider cushion with
a larger angle, supporting the use of ESA and AOT as mea-
sures of SFC performance.

Prior to this study, only the MEH of the SFC had been
measured to evaluate the performance of submucosal flu-

22,26,28
However, these

ids, typically using a digital camera.
methods are less accurate and efficient than the 3D sensor
described above. The 3D scanner performed real-time
high-speed measurements by scanning with a blue light-
emitting diode (465 nm) and reconstructed the 3D image
of the SFC, producing a high-resolution cross-section. The
processed data are characterized by high accuracy, consis-
tency, repeatability, and reproducibility, with an error of
less than 50 um. Hence, 3D scanning technology is con-
sidered compatible with tests associated with submucosal
fluids and could be incorporated into future studies.

This study has several limitations. It should be noted
that we did not include hypertonic saline solution. We
regarded safety as an important inclusion criterion for the
selected solutions. However, hypertonic saline can cause
tissue damage; therefore, it was excluded from our study.
Nevertheless, even with the use of hypertonic saline solu-
tion, the results would not have changed due to the similar
characteristics of NS and hypertonic saline solution. In
addition, our ex vivo model provided limited simulation
of the in vivo tissue tension and temperature, as it was re-
sected and pinned to the plate.

In conclusion, we demonstrated the efficacy of aqueous
chitosan solution as a possible submucosal product. MEH,
AOT, and ESA were measured using a 3D sensor to evalu-
ate the SFCs. Liquid chitosan led to a higher, steeper, and
larger SFC than the other solutions. Consequently, aque-
ous chitosan solution is superior to Eleview” and NS and
performs comparably to sodium hyaluronic acid. Further-
more, the measured parameters positively correlated and
proved the efficacy of the 3D scanner.
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