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Abstract
AIM: To evaluate the efficacy and safety of sodium hy-
aluronate solution (SH) in endoscopic submucosal dis-
section (ESD) of gastric neoplasms.

METHODS: A prospective multicenter randomized, 
double blind, controlled trial was designed and utilized 
in this study. A total of 76 patients with 5-20 mm sized 
gastric neoplasms were enrolled at three academic hos-
pitals in South Korea from June 2011 to October 2011. 
Patients were randomly assigned to the 0.4% sodium 

hyaluronate or control groups. All lesions underwent 
endoscopic ESD. ESD was performed with 0.4%SH and 
normal saline (NS) solution for submucosal injection. 
Efficacy was assessed using en bloc  resection and the 
number of additional injections. Secondary evaluation 
variables were the volume of injection material, steep-
ness of mucosal elevation, bleeding rate, procedural 
time and operator satisfaction. Finally, the safety was 
assessed by analyzing adverse events during the study.

RESULTS: The usefulness rate in the 0.4%SH group 
and the controlled group had statistically significant 
difference under intention to treat (ITT) analysis 
(90.91% vs  61.11% P  = 0.0041). Under per proto-
col (PP), the usefulness rate is statistically significant 
different (93.10% vs  61.76%, P  = 0.0036). The dif-
ference in volume of the solution injected between 
0.4%SH group and the controlled group and NS group 
was also statistically significant under intention to treat 
and per protocol analysis (ITT: 0.03 ± 0.02 mL vs  0.06 
± 0.03 mL, P  = 0.0003, PP: 0.03 ± 0.02 mL vs  0.06 
± 0.03 mL, P  = 0.0004). Satisfaction above the grade 
good was significantly higher in the SH group under in-
tention to treat and per protocol analysis (ITT: 90.91% 
vs  61.11%, P  = 0.0041, PP = 93.11% vs  61.77%, P  = 
0.0022). Adverse events above grade 3 were not no-
ticed in either group. All adverse events were treated 
and were judged as not associated with the submuco-
sal injection solutions. 

CONCLUSION: 0.4%SH solution is a safe and effective 
agent that doesn’t cause any significant adverse events 
and is useful for submucosal injection during ESD.

© 2013 Baishideng. All rights reserved.
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Core tip: Saline-assisted endoscopic mucosal resection 
is an established method for excision of nonpolypoid 
early neoplastic lesions of the gastrointestinal tract. 
However, it is sometimes difficult to maintain a desired 
level of tissue elevation after injection of saline, es-
pecially when using a one-channeled endoscope. Ad-
equate elevation of the mucosa and sufficient elevation 
time is achieved more effectively when a material more 
viscous than normal saline (NS) is used. The 0.4% so-
dium hyaluronate solution (SH) used in this study pro-
vides a more effective and prolonged cushion effect for 
large lesions without serious adverse events compared 
to NS. Therefore, endoscopic submucosal dissection 
(ESD) with SH is more useful than ESD with NS.
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INTRODUCTION
Endoscopic mucosal resection (EMR) using submucosal 
saline injection is an established method for excision of  
nonpolypoid early neoplastic lesions of  the gastrointes-
tinal tract[1,2]. Numerous resection methods have been 
developed using the submucosal injection technique. In 
1998, Hosokawa developed an IT knife (insulated tipped 
electrosurgical knife) useful for endoscopic submucosal 
dissection (ESD)[3], which has made en bloc resection of  
not only elevated lesions but depressive lesions without 
ulcers and flat lesions possible, compared to EMR. The 
procedure has minimal limitations regarding location and 
size of  the lesions. The technical advancement of  ESD 
combined with development of  many endoscopic acces-
sories has made ESD a standard treatment of  early gas-
tric cancer in selected cases. 

The submucosa is a thin connective tissue layer with 
a lax structure compared to the mucosa or the muscularis 
propria. The injection of  solutions to this layer forms a 
bulla and lifts the lesion above. Submucosal injection dur-
ing ESD facilitates the removal of  the lesions, provides 
a safety cushion during resection, and prevents perfora-
tions during the procedure. The most commonly used 
material is normal saline (NS). However, it is sometimes 
difficult to maintain a desired level of  tissue elevation 
after an injection of  saline, especially when using a one-
channeled endoscope[4].

An ideal submucosal injection solution would have 
a prolonged cushion effect, and be easily available and 
inexpensive, nontoxic, and easy to inject[5]. Sodium hy-
aluronate solution (SH) is a macromolecular polysac-
charide composed of  D-glucuronate and N-acetyl-D-

glucosamine. The high viscosity, elasticity, and lack of  
antigenicity or toxicity[6-8] have led to its extensive use in 
ophthalmologic surgical procedures and intra-articular 
injections. Since Yamamoto et al[9] reported the use of  
SH in porcine stomach yielding a more distinct and pro-
longed submucosal elevation compared to NS, numerous 
studies have used SH for difficult cases. 

The authors aimed to compare the usefulness rate and 
safety of  0.4%SH in ESD as compared to NS in a multi-
center prospective randomized double-blind control study. 

MATERIALS AND METHODS
Patient selection
From June 2011 to October 2011, 76 patients with less 
than 20 mm sized early gastric cancer or gastric adenoma 
were enrolled in 3 independent academic hospitals in 
South Korea. Experienced endoscopists with more than 
300 cases of  ESD experience performed the ESD. Cri-
teria for inclusion in the study were: (1) patients between 
the ages of  20 and 80; (2) patients with 5- to 20-mm early 
gastric cancer or gastric adenoma; and (3) patients who 
gave written informed consent. The limitation of  the le-
sion size to less than 20 mm was based on the absolute 
indication criteria of  ESD. Exclusion criteria of  the study 
were: (1) residual or recurrent lesion; (2) lesions accom-
panied by ulcers; (3) undifferentiated cancer; (4) advanced 
malignant neoplasm; (5) patient with pacemakers; (6) 
history of  hypersensitivity to hyaluronic acid; (7) serum 
creatinine ≥ 1.5 mg/dL or creatine clearance ≤ 50 
mL/min; (8) patients with severe liver disease; (9) severe 
cardiovascular disease; (10) patient taking immunosup-
pressants including prednisolone or anti-cancer agents; 
(11) alcohol- or drug-addicts; (12) pregnant or lactating 
patients; and (13) patients judged by a physician as inap-
propriate for inclusion.

Study design
The clinical trial was approved by the Korean Food and 
Drug Administration (KFDA) and the study protocol 
was approved by the Institutional Review Board of  each 
center. Written informed consent was obtained from all 
the patients.

The study was double-blinded by having an indepen-
dent investigational device manager that supplied the so-
lutions used for the study. The endoscopist was blind to 
the material used. During the procedure, an experienced 
assistant did the injection of  fluids to the submucosa. 
Although the endoscopist could visualize the elevation 
effect, the difference in pressure during injection of  the 
material was known only to the injecting assistant. The 
injecting assistant did not take any part in evaluating 
the satisfaction grade of  the materials. All lesions were 
resected through ESD. The margin of  the lesion was 
marked through electrocautery and submucosal injection 
was done at the normal mucosa adjacent to the lesion. 
ESD was initiated after an adequate amount of  solution 
was injected to lift the lesion. The maximum amount of  
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0.4%SH solution (Endo-Mucoup, BMI Korea, Co., Ltd) 
for the procedure was limited to 40 mL, which is 1/10 
the nontoxic level administered into the peritoneum. The 
amount of  SH solution supplied for the procedure was 
limited to 40 mL and any additional amount of  injection 
needed used NS. Necessary medication or procedure for 
the treatment of  coexisting disorders of  the patients was 
allowed. Except for the use of  epinephrine and indigo 
carmine, any other material for submucosal injection so-
lution was prohibited.

The study was designed as a multicenter, randomized, 
double blind, and placebo-controlled trial. The primary 
outcome of  the study was en bloc complete resection and 
additional injections of  the solution used. En bloc complete 
resection was defined as en bloc resection with negative re-
section margins confirmed histopathologically. Additional 
resection was defined as the number of  additional injects 
required to maintain the mucosal lifting for the procedure. 
The usefulness rate was defined as the percentage of  en 
bloc complete resection with 1 or less additional injection 
during the procedure (Table 1). The 40 mL of  SH was de-
cided for the efficacy evaluation as it is 1/10 the nontoxic 
level administered into the peritoneum. 

Secondary outcomes of  the study included: (1) vol-
ume of  the solution injected; (2) the steepness of  the lift; 
(3) presence or absence of  bleeding; (4) procedure time; 
and (5) satisfaction of  the solution. The volume of  the 
solution used for evaluation was the total amount of  the 
solution divided by the area of  the lesion (long diameter 
× short diameter). The steepness of  the lift was graded as 
steep, mild, or non lifted. The percentage of  each grade 
was used for evaluation. Bleeding was defined as the need 
for electrocauterization before the incision and after in-
jecting the submucosal solution. The procedure time was 
defined as the period from the marking of  the margins to 
the completion of  the excision. Satisfaction rate of  the 
solution was comprehensively assessed by evaluating the 
en bloc complete resection rate and the number of  addi-
tional injections (Table 1).

The safety of  the solution was assessed through 5 
grades of  symptoms and signs unwarranted during the 
study. Grade 1 adverse event was defined as symptoms 
or signs that do not require treatment and do not inhibit 
daily activities. Grade 2 adverse events were defined as 
symptoms or signs that required treatment but did not 
inhibit daily activities. Grade 3 adverse events were when 
the patient experienced substantial discomfort leading 
to limitation of  daily activities and requiring admission. 
Life-threatening adverse events were defined as grade 4. 
Death was defined as grade 5. For each adverse event, 
the clinician assessed the association of  the response to 
the submucosal injection solution as definitely related, 
probably related, possibly related, probably not related, 
definitely not related, or unknown. 

Sample size
This multi center randomized, double-blind, placebo-
controlled study was designed with a level of  significance 

α = 0.05 and detection power 1 - β = 0.8 to test the 
superiority of  the 0.4%SH solution compared to NS for 
the lift and maintenance of  the submucosa during ESD. 
The calculated sample size was 76 patients. Thirty-four 
patients were analyzed in each group assuming a 10% 
rate of  non-comparability in the two groups. 

Statistical analysis
Statistical analysis was done using SAS software 9.1 
version (SAS Institute, Cary, NC). Intention to treat 
analysis and per protocol analysis was used in the study. 
The clinical usefulness was assessed using both meth-
ods, with intention to treat as the primary method. Per 
protocol analysis was used for demographic data and 
adverse effects. Continuous variables for the two groups 
were compared using t-test and χ 2 test or the Fisher’s 
exact test, which was used for categorical variables. The 
primary outcome, the usefulness rate, was analyzed using 
the χ 2 test and 95%CIs are given. The secondary out-
comes, volume of  the solution used and procedure time 
were analyzed using t-test. Presence or absence of  bleed-
ing and satisfaction of  the solution was assessed using 
χ 2 test. Safety evaluation using the total number of  the 
adverse effects and the rate of  patients with more than 
1 adverse effect was done using the χ 2 test. Null hypoth-
eses of  no difference were rejected if  P-values were less 
than 0.05.

RESULTS
Seventy-six patients who underwent screening examina-
tion and who gave informed written consent were includ-
ed in this study. Using randomization, 37 patients were 
assigned to the 0.4%SH group and 39 patients were as-
signed to the control group that used NS for submucosal 
injection. All these patients were included in the intention 
to treat analysis. Eight patients from the 0.4%SH group 
and 5 patients from the control group were either lost 
to follow up or had a clinical trial protocol violation; the 
remaining 63 patients were included in the per protocol 
analysis (Figure 1). There were no statistically significant 
differences in the patients’ age, sex, percentage of  gastric 
cancer, or location of  the lesion between the two groups 
(Table 2). 

Clinical usefulness
Usefulness, the primary outcome of  the study, was as-
sessed using both intention to treat analysis and per 
protocol analysis, with intention to treat as the primary 
method. Under intention to treat analysis, the usefulness 
rate of  the 0.4%SH group (90.91%, 30/33) was found to 
be significantly greater than the control group (61.11%, 
22/36) (P = 0.0041). Using the per protocol analysis, the 
usefulness rate of  the 0.4%SH group and the control 
were 93.10% (27/29) and 61.76% (21/34), respectively. 
The difference of  the usefulness rate using per protocol 
analysis was also statistically significant (P = 0.0036). The 
usefulness according to the site of  the gastric neoplasm, 
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using the intention to treat (ITT) analysis revealed that 
0.4%SH was statistically significantly useful when used 
during procedures for gastric neoplasms at the body and 
angle. However, there was no statistically significant dif-
ference in procedures done at the antrum. Using a per-
protocol analysis, 0.4%SH showed statistically significant 
usefulness in all the sites of  the stomach.

Secondary outcomes of  the study were analyzed in-
cluding volume of  the solution injected, the steepness of  
the lift, presence or absence of  bleeding, procedure time, 
and satisfaction of  the solution (Table 3).

The volume of  the solution used for evaluation was 
the total amount of  the solution divided by the area of  
the lesion (long diameter × short diameter). The volume 
of  the solution injected for the 0.4%SH group (0.03 ± 0.02 
mL) was significantly less compared to the control group 
(0.06 ± 0.03 mL) (P = 0.0003). The difference in volume 
of  the solution injected between the 0.4%SH group and 
NS group using per protocol analysis was also statistically 
significant (P = 0.0004). 

The procedure time was defined as the period from 
the marking of  the margins to the completion of  the 
excision. The procedure time analyzed by intention to 
treat showed 23.42 ± 16.76 min in the 0.4%SH group 

and 21.64 ± 16.52 min in the control group. Using the 
per protocol analysis the procedure times were 23.79 ± 
17.51 min in the 0.4%SH group and 19.71 ± 12.65 min 
in the control group. Although the procedure time for 
the 0.4%SH group was shorter compared to the control 
group, the difference was not statistically significant.

The steepness of  the lift was graded as steep, mild, or 
non lifted in the two study groups and showed no statisti-
cally significant differences.

The absence of  bleeding during injection of  the submu-
cosal solution was higher in the 0.4%SH group (96.97%, 
32/33) compared to the control group (88.89%, 32/36) 
using the intention to treat analysis. Using the per proto-
col analysis, the absence of  bleeding was 100% (29/29) 
in the 0.4%SH group and 88.24% (30/34) in the control 
group. However, the difference was not statistically sig-
nificant in both analyses.

Satisfaction with the solution was comprehensively 
assessed by evaluating the en bloc complete resection rate 
and the number of  additional injections. ESD with en bloc 
complete resection and no additional submucosal injec-
tion was defined as excellent. En bloc complete resection 
with 1 additional submucosal injection was defined as 
good. Satisfaction above the grade good was significantly 
higher in the 0.4%SH group (90.91%, 30/33) compared 
to the control group (61.11%, 22/36) using intention to 
treat analysis (P = 0.0175). Using per protocol analysis 
showed statistically significant difference in the satisfac-
tion above the grade good in 93.11% (27/29) and 61.77% 
(21/34) in the 0.4%SH group and control group, respec-
tively (P = 0.0022).

The ESD that had additional submucosal injections was 
analyzed by the site of  the lesion using the usefulness rate, 
volume of  solution injection and procedure time (Table 4).

n  = 76
Screened patients

n  = 76
Randomized patients

n  = 76
Group ITT

n  = 37
Sodium 

hyaluronate

n  = 29
Group PP

n  = 34
Group PP

n  = 39
Control

n  = 8
Rule out
Missing = 4
Not meeting inclusion criteria No. 2 = 2
Exclusion criteria No. 3 = 1
Exclusion criteria No. 10 = 1

n  = 8
Rule out
Missing = 3
Not meeting inclusion criteria No. 2 = 1
Exclusion criteria No. 9 = 1

Figure 1  Trial profile. Inclusion criteria No. 2, 5 mm ≤ adenoma or adenocarcinoma ≤ 20 mm; exclusion criteria No. 3, undifferentiated adenocarcinoma; exclu-
sion criteria No. 9, severe functional abnormalities of cardiovascular system; exclusion criteria No. 10, concomitant medication with systemic prednisolone, anticancer 
agents or immunosuppressive agents. ITT: Intention to treat; PP: Per protocol.

Table 1  Measurement of usefulness and satisfaction

Complete en bloc  resection Additional 
injection

Usefulness Satisfaction

Complete      0 Usefulness Excellent
Complete      1 Usefulness Good
Complete ≥ 2 Useless Moderate
Incomplete or not evaluated - Useless Poor
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The sites of  the lesion were divided into the antrum 
group and body/angle group. Under intention to treat 
analysis on antrum, there is no significant difference 
of  the usefulness rate in the 0.4%SH group (90.00%, 
18/20) compared to the control group (66.67%, 18/27) 
(P = 0.086). But using per protocol analysis, the antrum 
had a significantly higher usefulness rate in the 0.4%SH 
group (93.75%, 15/16) compared to the control group 
(65.38%, 3/8) (P = 0.036). The usefulness rate analyzed 
in the lesions located at the body/angle using intention to 
treat analysis was 92.30% (12/13) in the 0.4%SH group 
compared to the 66.67% (6/9) in the control group. The 
difference was statistically significant (P = 0.007). Per 
protocol analysis also revealed a statistically significant 
higher usefulness rate of  92.30% (12/13) in the 0.4%SH 
group compared to 37.50% (3/8) in the control group (P 
= 0.007).

The amount of  volume injected at the antrum us-
ing intention to treat analysis was 0.03 ± 0.02 mL in the 
0.4%SH group and 0.06 ± 0.04 mL in the control group. 

The smaller amount used in the 0.4%SH group was 
statistically significant (P = 0.003). Using per protocol 
analysis, the difference in the amount of  volume injected 
0.4%SH group (0.03 ± 0.02 mL) and control group (0.06 
± 0.04 mL) was statistically significant (P = 0.011). 

The amount of  volume injected at the body/angle us-
ing intention to treat analysis was 0.03 ± 0.02 mL in the 
0.4%SH group and 0.05 ± 0.02 mL in the control group. 
The smaller amount used in the 0.4%SH group was 
statistically significant (P = 0.047). Using per protocol 
analysis, the difference in the amount of  volume injected 
0.4%SH group (0.03 ± 0.02 mL) and control group (0.05 
± 0.03 mL) was statistically significant (P = 0.039). 

The procedure time using both intention to treat 
analysis and per protocol analysis based on the site of  the 
lesion showed no statistically significant differences. 

Adverse events
Adverse events were seen in 8 out of  the 76 patients, 
with 13 incidents in the intention to treat analysis. Grade 
1 adverse events were noticed in 12.50% (5/37) of  the 
SH group and 2.44% (1/39) of  the control group. Grade 
2 adverse events were seen in 7.50% (3/37) and 9.76% 
(4/39) of  the 0.4%SH group and control group, respec-
tively. Adverse events above grade 3 were not noticed in 
both groups. Gastrointestinal symptoms were the most 
common adverse events with 10 out of  the 13 incidents. 
Five cases of  nausea, 3 cases of  vomiting, and each 1 
case of  dyspepsia and hematemesis were noticed. All ad-
verse events were treated and were judged as not associ-
ated with the submucosal injection solutions. 

DISCUSSION
ESD is now a standard treatment for early gastric neo-

Table 2  Demographic characteristics of the patients at base line

Sodium hyaluronate Control P -value

Age 62.59 ± 9.23 62.44 ± 9.93 0.943
Sex (male/female) 25/12 26/13 0.933
Diagnosis, n (%)
   Adenocarcinoma    5 (13.51)   7 (17.95) 0.869
   Adenoma  31 (83.78) 31 (79.49)
   Atypia 1 (2.7) 1 (2.56)
Size (mm)    14.2 ± 5.47   13.5 ± 4.35 0.293
Location, n (%)
   Antrum  23 (62.16) 29 (74.35) 0.465
   Angle  3 (8.10) 3 (7.69)
   Body  11 (29.72)   7 (17.94)

Table 3  Summary of results n  (%)

Sodium hyaluronate Control P -value

ITT 
   Usefulness rate 30/33 (90.91) 22/36 (61.11) 0.004
   Volume of injection 0.03 ± 0.02 0.06 ± 0.03 0.000
   Procedural time 23.42 ± 16.76 21.64 ± 16.52 0.658
   Steepness 0.228
      Steep       26 (78.79)       27 (75.00)
      Mild         6 (18.18)         4 (11.11)
      Non lifted       1 (3.03)         5 (13.89)
      Absence of bleeding 32/33 (96.97) 32/36 (88.89) 0.359
      Satisfaction 30/33 (90.91) 22/36 (61.11) 0.002
PP
   Usefulness rate 27/29 (93.10) 21/34 (61.76) 0.004
   Volume of injection 0.03 ± 0.02 0.06 ± 0.03 0.000
   Procedural time 23.79 ± 17.51 19.71 ± 12.65 0.288
   Steepness 0.474
      Steep       24 (82.76)       26 (76.47)
      Mild         4 (13.79)         4 (11.76)
      Non lifted       1 (3.45)         4 (11.76)
   Absence of bleeding   29/29 (100.00) 30/34 (88.24) 0.118
   n (%) 27/29 (93.11) 21/34 (61.77) 0.002

ITT: Intention to treat; PP: Per protocol.

Table 4  Summary of results on location

Sodium hyaluronate Control P -value

ITT
   Usefulness rate 
      Antrum 18/20 (90.00%) 18/27 (66.67%) 0.086
      Body/angle 12/13 (92.30%)     6/9 (66.67%) 0.007
   Volume of injection
      Antrum   0.03 ± 0.02 0.06 ± 0.04 0.003
      Body/angle   0.03 ± 0.02 0.05 ± 0.02 0.047
   Procedural time
      Antrum 19.40 ± 7.46 18.41 ± 11.67 0.741
      Body/angle   28.08 ± 25.47 31.33 ± 24.68 0.768
PP
   Usefulness rate (%)
      Antrum 15/16 (93.75%) 17/26 (65.38%) 0.036
      Body/angle 12/13 (92.30%)     3/8 (37.50%) 0.007
   Volume of injection
      Antrum   0.03 ± 0.02 0.06 ± 0.04 0.011
      Body/angle   0.03 ± 0.02 0.05 ± 0.03 0.039
   Procedural time
      Antrum 19.06 ± 6.78 18.23 ± 11.88 0.800
      Body/angle   28.08 ± 25.47 24.50 ± 14.70 0.723

ITT: Intention to treat; PP: Per protocol.
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plasms in the gastrointestinal tract. The EMR used cur-
rently are strip-biopsy method or lift and cut EMR[10], 
endoscopic resection after local injection of  a solution of  
hypertonic saline and epinephrine[11], endoscopic double-
snare polypectomy[12], EMR using an over-tube[13], strip-
biopsy using two small diameter endoscopes[14], EMR 
with a cap-fitted panendoscope[15], an EMR using a liga-
tion device[16,17]. The submucosal injection of  solutions 
during the resection of  gastrointestinal neoplasm is an 
essential part of  the resection procedure[18-21]. Tanabe et 
al[10] introduced strip biopsy with submucosal injection 
using NS as a safety cushion. Since Ikeda et al[22] injected 
a mixture of  hypertonic saline and epinephrine to lift 
the lesion in 1986, lifting the lesion with a safety cushion 
underneath the lesion has become an essential procedure 
in EMR. ESD can resect a larger lesion without regard to 
the location of  the lesion compared to EMR. To achieve 
an en bloc resection of  a large lesion, adequate lift of  the 
lesion is needed for a prolonged period. Numerous solu-
tions are under research and have been used for mucosal 
resection. These agents include NS, mixture of  NS and 
epinephrine, hypertonic saline (3.8%), hypertonic glucose 
solution (20%, 50%), 10% glycerin + 5% fructose + 0.9% 
NS, SH, hydroxypropyl methycellulose, and a fibrinogen 
mixture. NS is easily available, cheap, and causes minimal 
tissue injury due to its isotonic property. However, NS is 
easily absorbed to the tissue and multiple injections are 
needed. The mixture of  NS and epinephrine (1:10000) 
is most widely used. The steepness and maintenance of  
the cushion is not significantly different from NS, but 
the mixture of  epinephrine causes vasoconstriction of  
the vessels leading to hemostasis. The addition of  indigo 
carmine to the mixture assists in identifying the submu-
cosa and muscularis propria during resection of  the deep 
margins. However, during ESD, the cushion is easily dis-
sipated and multiple injections are needed. This leads to a 
prolonged procedure time and the risk of  perforation is 
high when resecting the lesion without adequate cushion. 
Therefore, an ideal agent would have a higher viscosity to 
maintain the cushion longer and require fewer additional 
injections during the procedure. Although hypertonic sa-
line and hypertonic glucose solution had a steeper eleva-
tion compared to NS, this was not statistically significant. 
The hypertonic solution has a propensity to cause tissue 
injury and may delay healing of  the artificial ulcer after 
the procedure. 

SH has a prolonged cushion-effect and causes mini-
mal tissue injury. However, the solution is expensive and 
has special requirements for storage. Hydroxypropyl 
methycellulose has a similar viscosity and tensile strength 
compared to SH and has an adequate cushion-effect, is 
inexpensive, and is easy to store. However, the synthetic 
material can cause cross-antigen reaction in the body. 
Fibrinogen mixture is a 340 kDa high molecular glyco-
protein separated from blood. The viscosity is high and 
has a microvascular hemostatic effect. However, the high 
viscosity requires a large diameter injection tip. Lee et al[23] 
report that the fibrinogen mixture is superior to NS in 

the procedure time, total volume of  solution injection, 
and additional injection rates in ESD.

SH is considered the best solution for submucosal 
dissection. However, its use is limited due to the high 
cost of  the solution. The molecular weight and dilu-
tion rate of  SH is continuously researched to decrease 
the cost and find the dilution rate for effective lifting. 
Fujishiro et al[24,25] report that the optimal viscosity and 
tensile strength was 1% 1900-kDa solution. However, 1% 
800-kDa, 0.5% 1900-kDa, 0.5% z800-kDa, and 0.25% 
1900-kDa solutions all showed similar results. Concentra-
tion of  the solution below 1% still maintained adequate 
viscoelasticity while not increasing osmolarity or causing 
tissue injury. Despite the fact that it is an ideal substance 
for submucosal injection, the high cost and special re-
quirements for storage led to a mixture of  it with other 
hypertonic solutions. 

This study evaluated the clinical usefulness and safety 
of  0.4%SH compared to NS. All procedures for the re-
section of  the lesions were ESD. The size of  the lesion 
was limited to 2cm due to the absolute indication of  
ESD for early gastric cancers without lymph node metas-
tasis[14]. This led to the limitation of  gastric adenoma size 
to less than 2cm. The primary outcome, usefulness rate, 
analyzed using intention to treat and per protocol analysis 
revealed higher and statistically significant rates in the 
0.4%SH group. Secondary outcome of  the study includ-
ing volume of  the solution injected, the steepness of  the 
lift, presence or absence of  bleeding, procedure time, and 
satisfaction with the solution were analyzed. The volume 
of  the solution injected was statistically significantly de-
creased and satisfaction of  the solution was significantly 
superior in the 0.4%SH group. The limitation of  the size 
in the inclusion criteria may have limited the analysis of  
the resection rate in the two groups. The usefulness rate 
may have showed a more significant difference in the 
two groups as the size of  the lesion is increased. The 
procedure time of  the two groups in this study showed 
no statistically significant difference. This may have been 
due to the fact that the size of  the lesion was limited to 
less than 2 cm. The experienced clinicians participating 
in this study may have decreased the difference in time 
required for the 2 groups. However, if  larger lesions with 
scars were included in the study, even experienced clini-
cians may show a difference in the procedure time for 
the 2 groups due to the multiple injections that may be 
required to maintain the cushion-effect during the pro-
cedure. Therefore, a prospective study including gastric 
adenoma that has no limitation of  size in en bloc resection 
using ESD may show a difference in the usefulness rate, 
volume of  solution injected and satisfaction with the 
solution. The procedure time may show a significant dif-
ference because 0.4%SH had a prolonged cushion-effect 
and requires less additional injections compared to NS. 
There were grade 1 and grade 2 adverse events observed 
in this study. However, there was no statistically signifi-
cant difference in the two groups and clinicians judged 
that the adverse events were not related to the solution 
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injected. Therefore, the use of  0.4%SH for submucosal 
injections during ESD is considered safe.

This study has a size limitation of  2 cm. Gotoda et 
al[26] reported that due to the lack of  lymph node metasta-
sis, mucosal gastric cancer less than 3 cm accompanied by 
an ulcer and submucosal gastric cancer invading the SM1 
layer less than 3 cm are also indications of  endoscopic 
therapy. This has formed the basis of  the expanded cri-
teria for endoscopic therapy in early gastric cancer. How-
ever, the current study was approved by the KFDA for 
absolute indications of  ESD for early gastric cancer. The 
size of  the gastric adenomas was also limited for evalua-
tion of  the two materials without bias.

The recent development of  endoscopic accessories 
with more skilled clinicians has led to en bloc resection of  
lesions without regard to the location and size. This has 
led to a more extended indication of  ESD and a solution 
with a long lasting cushion-effect is needed. Using NS for 
lesions that are easily approachable and small is cost-effec-
tive. However, for lesions that are large and difficult to ap-
proach, the procedure time could be prolonged with more 
frequent complications. In these cases, using 0.4%SH for 
the submucosal injection would be more cost-effective.

In conclusion, the ideal agent would have a prolonged 
cushion effect, be easily available, nontoxic, easy to inject, 
and inexpensive. SH has a long-lasting cushion effect 
compared to the widely used NS and leads to a safe and 
effective procedure. SH has no significant adverse events 
compared to NS and is safe. With the recent advances in 
the indication of  ESD in early gastric cancer, development 
of  endoscopic accessories, and more trained clinicians, the 
resection of  large lesions without concern regarding the 
location of  the lesion is possible. Therefore, with appro-
priate measures taken regarding price and storage issues, 
0.4%SH may further enhance the ease and safety of  ESD. 

COMMENTS
Background
Endoscopic submucosal dissection (ESD) has made en bloc resection of early 
gastric neoplasms possible. A sufficient amount of submucosal fluid cushion is 
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vide a long-lasting submucosal cushion. 
Research frontiers
The submucosal injection during ESD is a requisite for safety during and after 
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