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ABSTRACT

Background and study aims Adequate mucosal elevation
by submucosal injection is crucial for patient safety and ef-
ficiency during endoscopic submucosal dissection (ESD).
This study aimed to evaluate the efficacy of fibrin glue (FG)
as a long-lasting submucosal injection agent and to evalu-
ate the technical feasibility of FG injection for ESD.
Materials and methods To compare the capabilities of
different agents in maintaining submucosal evaluation, we
injected FG, hyaluronic acid solution, and normal saline into
the porcine gastric specimen that was incised into approxi-
mately 5x5cm squares. Then, we measured the height of
submucosal elevations over time. Moreover, three hypothe-
tical lesions from the resected porcine stomach underwent
ESD with FG injection. Thereafter, we conducted macro-
scopic and histopathologic analyses.

Results FG maintained the greatest submucosal elevation
among all the injection agents. Three ESD procedures were
performed with en bloc resection. Both macroscopic and
histopathologic findings showed a thick FG clot on the ul-
cers.

Conclusions The FG solution can be potentially used as an
ESD submucosal injection agent in an in vitro model.

Introduction

Endoscopic submucosal dissection (ESD) is a reliable therapeu-
tic strategy for removing gastrointestinal neoplasms. However,
several complications, such as perforation and bleeding, are
still reported [1]. Creating adequate and longer-lasting submu-
cosal elevation by submucosal injection of a solution is impor-
tant to prevent perforation and to make the procedure safer
and easier. Submucosal injection of several types of solutions,
such as normal saline (NS) and hyaluronic acid (HA), is per-
formed for ESD [2]. However, submucosal fluid leakage from in-
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jection sites is unavoidable; it decreases submucosal elevation.
Hence, a longer-lasting submucosal injection agent might be
beneficial.

Fibrin glue (FG) has been used widely as a safe and effective
agent in multiple surgical fields for tissue adhesion, suture site
reinforcement, and hemostasis [3]. In endoscopy, FG has been
used in Europe for approximately 20 years as a safe submucosal
injection agent for hemostasis in bleeding ulcer cases [4-6]. FG
is a blood-derived product that contains two component solu-
tions: fibrinogen and thrombin solution. When mixed, it creates
a stable clot that is not absorbed rapidly into the surrounding
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tissues, contrary to other submucosal injection solutions [7].
Therefore, we hypothesized that FG might be a longer-lasting
submucosal injection agent for ESD.

This study, which used a resected porcine stomach, aimed to
evaluate the ability of FG to maintain submucosal elevation and
to evaluate its technical feasibility when used as an ESD submu-
cosal injection agent.

Material and methods

Preliminary study: Comparison of submucosal
injection agent ability to maintain submucosal
elevation

The ability of FG (Bolheal; KM Biologics Co., Ltd.) to maintain
submucosal elevation was compared with those of HA (Mu-
coUP; Boston Scientific.) and NS.Preparation of the resected
porcine gastric specimen and the injection methods were dem-
onstrated according to the study by Fujishiro et al, which eval-
uated the lesion lifting properties of several submucosal injec-
tion agents [2]. Considering that FG contains fibrinogen and
thrombin solutions, 1 mL of each solution (2 mL total) was injec-
ted into the submucosal layer. Accordingly, the injection vol-
ume of HA and NS was adjusted to 2 mL. After injecting each so-
lution, we recorded the submucosal elevation immediately
after, and 5, 10, 20, 25, 30, 45, and 60 minutes after injections.
Then, images were taken from the same distance using a fixed
camera (Q7; Pentax Corp.). Using an image analysis software
(Hakarundesu v. 0.7.1, onegland.net), we measured the height
of each submucosal elevation. The same procedure was con-
ducted five times individually for each submucosal injection so-
lution. Thereafter, we compared the mean submucosal eleva-
tion of the three submucosal injection solutions at each time
point.

Feasibility study: ESD conducted in ex vivo porcine
stomach

We performed ESD using FG as the submucosal injection agent
in the resected porcine stomach. An endoscopist, who had an
experience of more than 100 ESD cases, performed the proce-
dures. All procedures were performed using an upper gastroin-
testinal endoscope (GIF-H260; Olympus Corp.). An electric
knife (Flush knife BT DK2618]B; Fujifilm, or IT knife 2, KD-611L;
Olympus Corp.) and an electrical generator (ESG-400; Olympus
Corp.) were also used. Three ESD procedures were performed
for three hypothetical lesions of approximately 20 mm, follow-
ing the same process. To enhance the visibility, the FG solution
was stained with indigo carmine. When starting submucosal in-
jection, a small amount of NS was injected at the first site to en-
sure that the needle tip was inserted into the submucosal layer
to prevent the loss of FG solution. Then, the fibrinogen solution
was injected into the submucosal layer, followed by the throm-
bin solution immediately; different injection needles (25G, 4
mm; Impact flow H type SB, Top) were used to avoid creating
a clotinside the catheter. Then, submucosal dissection was per-
formed in the middle layer of the FG clot. The procedure time
from the start to the completion of submucosal dissection and
the total amount of FG solution used for ESD in each hypotheti-
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cal lesion were recorded. Afterward, we examined the ESD ulcer
sites macroscopically and histopathologically.

Statistical analysis

Means, standard deviations and 95% confidence intervals were
calculated using EZR (Saitama Medical Center, Jichi Medical
University Site, Saitama, Japan). EZR is a graphical user inter-
face for R (The R Foundation for Statistical Computing, Vienna,
Austria, version 2.13.0).

Results

Preliminary study: Comparison of submucosal
injection agents’ ability to maintain submucosal
elevation

The results of the chronological changes in height and shape
of submucosal elevation for each agent are shown individually
in »Fig. 1, » Fig. 2, and » Table 1. We found that use of FG and
HA resulted in similar changes in height of submucosal eleva-
tion immediately after the injections. The mean (95% confi-
dence interval) height immediately after the injection was
6.2mm (range, 4.9 to 7.6) for FG, 6.3mm (range, 5.7 to 7.0)
for HA, and 5.5mm (range, 3.7 to 7.2) for NS.Regarding the
duration of maintaining submucosal elevation, FG maintained
an elevation that was higher than that of the other solutions.
The height of submucosal elevation 60 minutes after FG injec-
tion was 5.6mm (range, 4.7 to 6.5), while that of HA and NS
injections considerably decreased to 2.7mm (range, 2.5 to
3.0) and 1.6mm (range, 0.0 to 3.1), respectively. FG solution
created a stable clot and did not spread into the surrounding
tissues, whereas the other solutions spread into the submuco-
sal layer over time (» Fig.2).
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» Fig.1 Chronological changes in the height of submucosal ele-
vation after the injection of the following submucosal injection
agents: FG, fibrin glue (n=5); HA, hyaluronic acid (n=5); and NS,
normal saline (n=5). Both FG and HA created a greater submuco-
sal elevation immediately after the injections compared with NS,
but FG maintained the greatest submucosal elevation.
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» Fig.2 Chronological changes in the submucosal elevation for
each submucosal injection agent. a Fibrin glue (FG). b Hyaluronic
acid (HA). c Normal saline (NS). The image of the mucosa before
injection and the images of submucosal elevation immediately
after and 60 minutes after injection were superimposed with 50 %
transmittance. FG injection maintained the greatest submucosal
elevation among the submucosal injection agents.

Feasibility study: ESD conducted in ex vivo porcine
stomach

The three ESD procedures using FG submucosal injection were
performed with en bloc resection (» Video 1). The procedure
times were 10 minute, 7 seconds; 26 minute, 23 seconds, and
9 minutes, 50 seconds, with total injection volumes of 3.5, 3.6,
and 3.8 mL, respectively (» Table 1). Additional submucosal in-
jections were not necessary during the ESD procedures. No
thermal damage or incision to the mucosa was found on the re-
sected specimen (» Fig.3b). Both macroscopic and histopatho-
logic findings revealed thick FG clots that were created on the
ulcer sites (» Fig.3a and » Fig. 3b).

Discussion

This study is the first to examine the feasibility of FG solution
used as a submucosal injection agent for ESD. We found that
the FG submucosal injection could create adequate submuco-
sal elevation that was superior to any other tested injection
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agents used in maintaining submucosal elevation. Although
the height of the submucosal elevation created by FG de-
creased slightly at 5 minutes after the initial injection, it then
maintained its height until approximately 60 minutes later.

Meanwhile, the ESD procedures using FG submucosal injec-
tions were completed without difficulty. In addition, adequate
elevation was maintained by the FG clots in the submucosal lay-
er during the procedures. Hence, FG might contribute to per-
forming easier and safer ESD, shortening procedure times by
reducing the time necessary to perform additional injections
and reducing the risks of bleeding caused by damage to blood
vessels in the submucosal layer with the injection needle.
Meanwhile, one of the gastric lesions (lesion no.2) required a
longer procedure time than the other lesions (»Table2) be-
cause of the rigidity of the FG clot. The FG clot became rigid in
some parts, which were hard to dissect smoothly. The density
of FG clot depends on the fibrinogen concentration. In this
study, the fibrinogen and thrombin solutions were injected
separately, which may have caused uneven distribution of fibri-
nogen concentration within the FG clot. For example, the devel-
opment of a double-lumen local injection needle may solve this
problem by allowing for more uniform injections.

Additional submucosal injections were not necessary in the
present study as the lesions were small. However, additional in-
jections are required for larger lesions. Moreover, it is impor-
tant to evaluate the availability of additional injections for cases
with fibrosis. Further investigations are necessary to examine
how to administer injections effectively as well as strategies to
administer injections to larger lesions and lesions with fibrosis.
Regarding devices, non-insulated knives or forceps-like devices
could be suitable because, in the present study, it was difficult
to insert an insulated device into the rigid part of the FG clots.
Developing a new resection device suitable for the FG solution
might be desirable to perform the procedure more effectively.

Moreover, both macroscopic and histopathologic findings
indicated that the ESD ulcers were covered with a thick FG
clot, which indicates the possibility of the covering effects of
the clot. The clot might prevent intraoperative and postopera-
tive bleeding as well as delayed perforation by preventing expo-
sure to the digestive juices. Endoscopic covering using FG and
polyglycolic acid sheet has attracted attention as a method of
preventing ESD-related adverse events [8,9]. Currently applied
covering methods using FG and polyglycolic acid require high
endoscopic skills and the procedure time is relatively long
[10]. Results show that ESD using FG submucosal injection
might overcome these issues because this method is technical-
ly easy. In addition, when used as a submucosal injection agent
for hemostasis in patients with bleeding ulcers, the FG clot is re-
garded as a long-lasting vessel compressant that minimizes the
bleeding [7]. Therefore, the FG clot itself may possess hemo-
static functionality. Moreover, there is a possibility that the FG
submucosal injections might prevent the muscle layer from
being perforated or damaged by ESD knives by artificially creat-
ing an FG clot layer right above the muscle layer, especially for
colorectal and duodenal ESD, which has a high perforation rate
because of the thin gastrointestinal wall.
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> Table1 Means and standard deviations, 95 % confidence intervals, and changes for each group.

Fibrin glue (FG)

(n=5) (n=5)

Mean SD 95%Cl Amount Mean SD

(mm) (mm) of change' (mm)

(mm)

Omin 6.2 1.1 4.9-7.6 0.0 6.3 0.5
5min 5.7 0.9 4.6-6.8 -0.6 4.7 0.5
10 min 5.6 0.7 4.7-6.6 -0.6 4.0 0.6
15min 5.6 0.7 4.7-6.5 -0.6 3.8 0.5
20min 5.6 0.7 4.7-6.5 -0.6 3.6 0.5
25min 5.6 0.7 4.7-6.5 -0.6 3.4 0.4
30min 5.6 0.7 4.7-6.5 -0.6 3.3 0.4
45min 5.6 0.7 4.7-6.5 -0.6 2.9 0.3
60 min 5.6 0.7 4.7-6.5 -0.6 2.7 0.2

1 Mean change in each sample based on the height of 0 minutes.

QVIDEO

» Video 1 Endoscopic submucosal dissection (ESD) fibrin glue
as a submucosal injection agent on the resected porcine stom-
ach. ESD was performed on a hypothetical lesion of approximate-
ly 20mm. The procedure was completed with no technical diffi-
culty.

Our next step is to further examine the availability and effec-
tiveness of FG submucosal injection, including its hemostatic
ability and the evaluation of chronological changes in the FG
clot condition over time, using live porcine models.

One limitation of the FG solution is its high cost. In the pres-
ent study, 6 mL of FG for both solutions was used to resect a 2-
cm lesion, which cost 31,383 yen at the Japanese National
Health Insurance price. In our clinical experience, one vial of
HA (20mL) used for tumor resection of this size costs 7,680
yen, while the cost of NS is only 62 yen (20mL plastic am-
poules). The cost of FG solution is approximately four times
higher than that of HA. Therefore, application of FG solution
should be carefully considered and it should not be routinely
used for all ESD cases. Nevertheless, this solution could be use-
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Hyaluronic acid (HA)

Normal saline (NS)

(n=5)

95%Cl Amount Mean SD 95%Cl Amount
(mm) of change’ (mm) (mm) of change’

(mm) (mm)
5.7-7.0 0.0 5.5 1.4 3.7-7.2 0.0
4.1-5.4 -1.6 3.1 1.0 1.8-4.3 -2.4
3.3-4.7 -2.3 2.5 1.0 1.3-3.8 =2.9
3.2-4.4 -2.5 2.2 1.1 0.8-3.6 -33
3.1-4.2 -2.7 2.0 1.1 0.6-3.4 -3.5
320=3%9 —2.9 1.8 1.1 0.5-3.1 =337
2.8-3.8 -3.0 1.6 1.2 0.2-3.1 -3.9
2.6-3.3 -3.4 1.6 1.2 0.1-3.1 -3.9
2.5-3.0 -3.6 1.6 1.2 0.0-3.1 -3.9

> Table2 Results of three ESD procedures using FG submucosal injec-

tion.

Lesion Size of mucosal Procedure Total amount of
no. defect (cm) time FG injection (mL)

Major x minor axis Fibrinogen/
thrombin

1 2.0x1.8 10min 07 s 1.8/1.7

2 2.4%2.0 26min 23s 1.6/2.0

3 2.1x1.9 9min50s 1.9/1.9

ESD, endoscopic submucosal dissection; FG, fibrin glue.

ful for patients at high risk for bleeding or perforation, such as
in the case of colorectal or duodenal lesions.

Regarding safety, FG has been used in Europe for approxi-
mately 20 years as a safe agent of submucosal injection for he-
mostasis in bleeding ulcer cases, and no report in relevant lit-
erature describes major side effects of the FG injection [4-7].
In Japan, FG is not indicated for use as a local injection solution.
Potential risks of FG solution are that it is a blood derivative and
has the potential to transmit infectious disease. However, after
the introduction of nucleic acid amplification test in 1999, FG’s
safety in relation to infectious disease was established at a high
level, and there have been no reported cases of infections
caused by this product. Another concern is that when an arter-
ial injection of FG is administered inadvertently, there may be a
risk of systemic embolization. However, there have been no re-
ported cases of systemic embolization in patients with endo-
scopic FG submucosal injection for gastrointestinal ulcer bleed-
ing hemostasis that were confirmed as events caused by FG in-
jection. In an animal model, FG injection has been reported to
produce no tissue injury or thrombosis in vessels, suggesting
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» Fig.3 Histopathological findings of the ESD ulcer and resected specimen. a Gross image of the ulcer floor. b Loupe image of a histopatho-
logical specimen prepared by splitting the ulcer bed and resected specimen at the yellow line in a. The ulcer is completely covered with FG.
Thermal damage or incision to the mucosa was not detected on the resected specimen.

relatively good results, compared with any other examined in-
jection agents [7]. The safety of FG submucosal injection,
when used for ESD, should be further assessed in future studies.

Conclusion

To conclude, FG solution can potentially be used as an ESD sub-
mucosal injection agent. However, further investigations using
numerous live porcine models must be conducted to confirm
the efficacy and safety of the FG injection method.
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