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Abstract
Background Although argon-plasma coagulation (APC) is useful for treating early gastrointestinal cancer,
safer ablation for oesophageal cancer is needed because the esophageal wall is very thin. The e�cacy of
APC with prior submucosal injection of saline (hybrid APC) by using a resected oesophagus of pig has
been reported, but there has been no study in which the effects, biological reactions and delayed adverse
effects of hybrid APC were evaluated. In this study, we evaluated the histological e�cacy of APC with
prior submucosal injection of saline (hybrid APC) by using an in vivo porcine model. Methods APC alone
and hybrid APC were performed. Various settings of argon were used. The pigs were sacri�ced after
treatment (study 1) and 1 week after treatment (study 2). Histological evaluation of the deepest spot of
coagulation from the basal layer (study 1) and non-atrophic muscle zone (study 2) in resected specimens
was performed. Type A damage was de�ned as super�cial tissue damage of the tunica mucosa, whereas
type B damage was de�ned as an injury pattern limited to the tunica muscularis. The depths of type A
and type B damage were measured in study 1. Immunohistochemical analysis was also performed in
study 2. Results (study 1) Hybrid APC except for that at an excessive setting could prevent type B damage
of the muscle layer. Standard APC at any setting could not prevent type B damage of the muscle layer.
Results (study 2) The non-atrophic muscle zone was signi�cantly larger in the hybrid APC group.
Immunohistochemical analysis showed that the numbers of activated myo�broblasts and in�ltrating
neutrophils and macrophages were signi�cantly smaller in the hybrid APC group than in the standard
APC group. Conclusion APC following submucosal injection of saline contributes to su�cient and safe
coagulation for oesophageal lesions.

Abstract
Background: Although argon-plasma coagulation (APC) is useful for treating early gastrointestinal
cancer, safer ablation for esophageal cancer is needed because the esophageal wall is very thin. The
e�cacy of APC with prior submucosal injection of saline (hybrid APC) by using a resected esophagus of
pig has been reported, but there has been no study in which the effects, biological reactions and delayed
adverse effects of hybrid APC were evaluated. In this study, we evaluated the histological e�cacy of APC
with prior submucosal injection of saline (hybrid APC) by using an in vivo porcine model.

Methods: APC alone and hybrid APC were performed. Various settings of argon were used. The pigs were
sacri�ced after treatment (study 1) and 1 week after treatment (study 2). Histological evaluation of the
deepest spot of coagulation from the basal layer (study 1) and non-atrophic muscle zone (study 2) in
resected specimens was performed. Type A damage was de�ned as super�cial tissue damage of the
tunica mucosa, whereas type B damage was de�ned as an injury pattern limited to the tunica muscularis.
The depths of type A and type B damage were measured in study 1. Immunohistochemical analysis was
also performed in study 2.

Results (study 1): Hybrid APC except for that at an excessive setting could prevent type B damage of the
muscle layer. Standard APC at any setting could not prevent type B damage of the muscle layer.
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Results (study 2): The non-atrophic muscle zone was signi�cantly larger in the hybrid APC group.
Immunohistochemical analysis showed that the numbers of activated myo�broblasts and in�ltrating
neutrophils and macrophages were signi�cantly smaller in the hybrid APC group than in the standard
APC group.

Conclusions: APC following submucosal injection of saline contributes to su�cient and safe coagulation
for esophageal lesions.

Key words: argon-plasma coagulation, submucosal injection, esophageal neoplasms

Background
Endoscopic mucosal resection (EMR) or endoscopic submucosal dissection (ESD) has been regarded as
the best treatment for patients with early-stage gastrointestinal cancer.1-4 However, argon plasma
coagulation (APC) is often used for treating those patients due to the poor general condition of the
patients or status of the lesions.5-8 It has been reported that APC treatment for esophageal cancer has a
complete cure rate of 94.7%,5 and it was shown in another study that there is a local recurrence rate of
9.5%.6 In addition, it has been reported that radiofrequency ablation, a tissue destruction method similar
to APC, has a complete cure rate of 86.0%.7 We have recently reported good long-term outcomes for
patients with esophageal squamous cell carcinoma who underwent APC with a local recurrence rate of
3.6% and 5-year cause-speci�c survival rate of 100%.8 In that study, we performed submucosal saline
injection before APC (hybrid APC) in all cases, and we hypothesized that submucosal injection of saline
prior to APC would result in uniform and su�cient coagulation and would contribute to a good outcome.
Although the e�cacy of APC with prior submucosal injection (hybrid APC) by using a resected esophagus
of pig has been reported,9 there has been no study in which the effects, biological reactions and delayed
adverse effects of hybrid APC were evaluated.

In this study, we evaluated the e�cacy of hybrid APC in the esophagus histologically by comparing it with
the e�cacy of standard APC using an in vivo porcine model.

Methods

Animals
The experimental protocol was approved by the Animal Care and Use Committee of Hokkaido University.
Female domestic pigs (20–25 kg; Sankyo Labo Service, Tokyo, Japan) were used in the study.

APC
The pigs were anesthetized, APC was performed with continuous monitoring and a gastrointestinal
endoscope was used as described previously.9 The markings for creating APC lesions were placed with a
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�exible APC applicator of 2.3 mm in diameter (ERBE Germany, Tübingen, Germany) on the esophagus as
the lesion (33 cm2) using an electrosurgical generator and automatically regulated argon source (ERBE
VIO300D/APC 2; ERBE Germany, Tübingen, Germany). All APC procedures were performed by using the
forced APC mode, and hybrid APC and direct APC without submucosal injection of saline (standard APC)
were performed in various settings. For hybrid APC, injection of saline was into the submucosal layer
beneath the lesion was performed using a 25-gauge needle (Top Corporation), and the lesion was ablated
with APC. Although it is di�cult to keep the APC applicator in the same state, we tried as much as
possible to keep a constant distance between the applicator and tissue (about 2 mm and angle of 20
degrees). All APC procedures were performed by one endoscopist (S.A.) who had experience of more than
50 human APC cases and more than 150 human ESD cases, including cases in the head and neck,
esophagus, stomach, and colon. For postoperative care, all of the pigs were given food after APC as
described previously.9 The pigs were sacri�ced immediately after APC in study 1 and 1 week after APC in
study 2. All of the pigs were sacri�ced by intravenous injection of 20 mL of 15% potassium chloride
(Terumo, Tokyo, Japan) after general anesthesia.

Histological and immunohistochemical examinations
The anterior neck and abdomen of each of the pigs were incised, and transhiatal esophagectomy was
performed. The resected esophagus was �xed as described previously.9 Pathological evaluation of the
deepest spot of coagulation from the basal layer (study 1) and non-atrophic muscle zone (study 2) in the
resected specimens was performed (NDP View2 software; Hamamatsu, Japan) in a blinded manner.
According to a report by Georg at al.,10 super�cial tissue damage of the tunica mucosa was classi�ed as
type A damage and an injury pattern limited to the tunica muscularis was classi�ed as type B damage in
study 1 (Figure 1). In study 2, the tissue sections were stained as described previously.9

Statistical analysis
JMP® Pro 12.0.1 (SAS Institute, Inc., Cary, NC, USA) was used for data analysis. Data were expressed and
parameters in the two groups were compared as described previously.9

Results
Study 1: Histological analysis of the esophagus immediately after hybrid APC and standard APC.

Representative histological sections showing the depth of damage are presented in Figure 2. In study 1,
hybrid APC except for that with an excessive setting (argon gas �ow set at 2.0 L/min, 3 seconds, 60
watts) was able to prevent type B damage of the muscle layer. On the other hand, standard APC was not
able to prevent type B damage of the muscle layer in any of the settings.

Shallow and uniform coagulation was achieved immediately after hybrid APC.
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Study 2: Histological analysis of the esophagus 1 week after hybrid APC and standard APC (Tables 1, 2
and 3).

There was a larger non-atrophic muscle zone in the hybrid APC group than in the standard APC group
(Figure 3a and 3b). The non-atrophic muscle zone was signi�cantly larger in the hybrid APC group than in
the standard APC group (Figure 3c, Tables 2 and 3).

Immunohistochemical analysis
Immunohistochemical analysis showed that the numbers of activated myo�broblasts (Figure 4a) and
in�ltrating neutrophils (Figure 4b) were signi�cantly decreased in the hybrid APC group compared to
those in the standard APC group (Table 3). However, there was no signi�cant difference between the two
groups in capillary density (Figure 4d, Table 3).

Discussion
In this study, we investigated the effect of submucosal injection of saline prior to APC in the esophagus
of pigs and we found that (1) shallow and uniform coagulation was achieved immediately after hybrid
APC, (2) atrophic change in the muscle zone at 1 week after hybrid APC was less than that at 1 week after
standard APC, and (3) the numbers of activated myo�broblasts and in�ltrating neutrophils in the
esophagus at 1 week after hybrid APC were smaller than those at 1 week after standard APC.

Conventional studies using a resected esophagus of pig showed that tissue damage caused by APC may
be limited up to the submucosal layer under the conditions commonly used12,13 and that submucosal
injection of saline prior to APC may be more effective for preventing deep tissue damage.13-15 However, it
has been suggested that tissue response to damage in an in vivo model may be different from that in
extracted tissue.16 Fujishiro et al. performed APC with the same settings in the stomachs of the two pigs
and they sacri�ced one pig immediately after the treatment and the other pig 1 week after the treatment.
The pig sacri�ced immediately after APC had an ulcer extending to the submucosal layer, and
pathological evaluation of the depth of coagulation from the basal layer was performed only using type A
damage. However, the pig sacri�ced 1 week after APC had a deep ulcer extending to the deeper muscle
layer.17

Regarding the safety of APC, it has been reported that the incidence of perforations and strictures was
less than 1%.18-24 However, unexpected deep ulcers or stenosis after APC at follow-up endoscopic
examination have been reported.20,23,25,26 Therefore, we hypothesized that type B damage is true tissue
damage. In study 1, we examined the depths of type A damage and type B damage in pathological
examinations. In study 2, we performed histological evaluation of the non-atrophic muscle zone to
investigate the degree of damage of the muscle layer. In study 1, hybrid APC except for that at an
excessive setting (argon gas �ow set at 2.0 L/min, 3 seconds, 60 watts) was able to prevent type B
damage of the muscle layer. However, standard APC was not able to prevent type B damage of the
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muscle layer at any of the settings. In study 2, the degree of atrophy of the muscle layer was less after
hybrid APC. Kawada et al. reported that APC-subepithelial ablation without submucosal injection is a safe
and curative therapy.27 After the initial ablation, they exfoliated the epithelium and then performed a
second ablation. They performed APC-subepithelial ablation in resected esophagi of pigs and they
reported that the technique was effective, though they did not evaluate biological reactions or delayed
adverse effects.

Elasticity and compliance are reduced by in�ammation and �brosis of the esophageal wall after ESD,
resulting in postoperative stricture.28 Fibrosis is excessive accumulation of extracellular matrix proteins
including collagen that are produced by activated myo�broblasts during the wound healing process.29 In
addition, neutrophils and macrophages at the site of tissue damage release various of cytokines, which
activate resident �broblasts into myo�broblasts.30,31 In the present study, submucosal injection of saline
prior to APC resulted in decreases in the numbers of activated myo�broblasts and in�ltrating neutrophils
in the esophagus 1 week after APC as the key mechanism by which stricture formation was prevented
during the wound healing process. Although hybrid APC did not decrease the number of macrophages, it
may contribute to the prevention of stenosis after APC.

Our study has two limitations, One limitation is the small sample size. The other limitation is that small
pigs (20–25 kg) were used in this study. Because of the difference in species, the wound healing process
observed in this study may not be able to be extrapolated to humans.

Conclusions
In conclusion, submucosal injection of saline prior to APC contributes to safe and su�cient coagulation
for esophageal lesions.

Abbreviations
APC, argon-plasma coagulation; EMR, endoscopic mucosal resection; ESD, endoscopic submucosal
dissection
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Figure Legends
Figure 1. Explanatory �gures of the pig esophagus and type A and type B injuries.

Histological control section of a normal pig esophagus showing the relevant layers of esophageal tissue
(hematoxylin and eosin). Scale bars, 1 mm.

Histological hematoxylin and eosin-stained cross-section of an esophageal wall and explanations of type
A and type B injuries. Super�cial tissue damage of the tunica mucosa was classi�ed as type A damage,
whereas type B damage was de�ned as an injury pattern limited to the tunica muscularis. Histological
�ndings of type B damage were eosinophilic and round-shaped change in muscle �bers with relatively
large spaces between muscle �bers.

Scale bars, 1 mm.

Figure 2. Histological sections showing the depths of damage caused by hybrid APC (A) and standard
APC (B) and coagulation depths for hybrid APC and standard APC in various settings (C).

Settings of hybrid APC and standard APC (A and B): argon gas �ow of 1.0 L/min, 6 seconds, at 40 watts.

Scale bars, 1 mm.

AGF: argon gas �ow, W: watts, CL: circular muscle layer, ML: longitudinal muscle layer, LPM: lamina
propria mucosa, SM; submucosa, MM; muscularis mucosa.

Figure 3. Histological sections showing the non-atrophic muscle zone (Masson’s trichrome staining) after
hybrid APC (A) and after standard APC (B).

Settings of hybrid APC and standard APC: Argon gas �ow of 1.0 L/min, 1 second, at 40 watts.

NAM, non-atrophic muscle zone. Scale bars, 1 mm. *p < 0.05 vs. hybrid APC.

Figure 4. Immunohistochemical analysis of the esophagus after APC at a gas �ow of 1.0 L/min for 1
second at 40 W.

(A) Expression of α-smooth muscle actin (α-SMA).

(B) Expression of myeloperoxidase (MPO).
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(C) Expression of CD107a.

(D) Expression of CD31.

Scale bars, 50 µm. *p < 0.05 vs. hybrid APC.

Tables
Due to technical limitations, tables 1 through 3 are only available as a download in the supplemental �les
section.

Figures



Page 12/16

Figure 1

Explanatory �gures of the pig esophagus and type A and type B injuries. (A) Histological control section
of a normal pig esophagus showing the relevant layers of esophageal tissue (hematoxylin and eosin).
Scale bars, 1 mm. (B) Histological hematoxylin and eosin-stained cross-section of an esophageal wall
and explanations of type A and type B injuries. Super�cial tissue damage of the tunica mucosa was
classi�ed as type A damage, whereas type B damage was de�ned as an injury pattern limited to the
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tunica muscularis. Histological �ndings of type B damage were eosinophilic and round-shaped change in
muscle �bers with relatively large spaces between muscle �bers. Scale bars, 1 mm.

Figure 2

Histological sections showing the depths of damage caused by hybrid APC (A) and standard APC (B) and
coagulation depths for hybrid APC and standard APC in various settings (C). Settings of hybrid APC and
standard APC (A and B): argon gas �ow of 1.0 L/min, 6 seconds, at 40 watts. Scale bars, 1 mm. AGF:
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argon gas �ow, W: watts, CL: circular muscle layer, ML: longitudinal muscle layer, LPM: lamina propria
mucosa, SM; submucosa, MM; muscularis mucosa.

Figure 3

Histological sections showing the non-atrophic muscle zone (Masson’s trichrome staining) after hybrid
APC (A) and after standard APC (B). Settings of hybrid APC and standard APC: Argon gas �ow of 1.0
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L/min, 1 second, at 40 watts. NAM, non-atrophic muscle zone. Scale bars, 1 mm. *p < 0.05 vs. hybrid
APC.

Figure 4

Immunohistochemical analysis of the esophagus after APC at a gas �ow of 1.0 L/min for 1 second at 40
W. (A) Expression of α-smooth muscle actin (α-SMA). (B) Expression of myeloperoxidase (MPO). (C)
Expression of CD107a. (D) Expression of CD31. Scale bars, 50 µm. *p < 0.05 vs. hybrid APC.
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