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Background/Aims: There have been several reports 
of thermal injury induced by argon plasma coagulation 
(APC) in animal models, but no follow-up studies 
have revealed the actual thermal injury. Methods: 
APC was performed on the stomachs of two living 
minipigs with and without prior submucosal injection of 
normal saline. The power and argon gas flow were 
set to 60 watts and 2 L/min, respectively, and pulse 
durations of 5, 10, and 20 seconds were used. One 
of the minipigs was killed immediately thereafter and 
the other was killed 1 week later. Results: The mini-
pig killed immediately showed only subtle differences 
between noninjected and injected injuries under all the 
conditions, and the usefulness of prior submucosal in-
jection was not obvious. However, the minipig killed 1 
week later had a deep ulcer extending to the deeper 
muscle layer at the noninjected site where APC had 
been applied for 20 seconds, whereas tissue injury of 
the injected site was limited to the submucosal layer. 
Conclusions: Unexpected tissue damage can occur 
even using a short-duration APC. Prior submucosal in-
jection for APC might be a safer alternative technique, 
especially in a thinner and narrower gut wall. (Gut 
and Liver 2008;2:95-98)
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INTRODUCTION

  The safety of argon plasma coagulation (APC) has been 

reported in clinical practice and the rate of severe compli-
cations such as perforation and stricture was less than 
1%.1-7 Previous study using the fresh resected porcine 
models shows that tissue damage caused by APC may be 
limited up to the submucosal layer under the condition 
generally used,8,9 and prior submucosal injection may be 
further safe to prevent deep tissue destruction.9-11 Howev-
er, the obtained results are only the facts of the resected 
materials or immediate euthanasia in an in vivo study. We 
sometimes experience unexpected deep ulceration or 
stenosis after APC at a follow-up endoscopic exami-
nation.3,6,12,13 In this study, we investigate tissue damage 
on the stomach of a living minipig to confirm the safety 
of APC and the usefulness of prior submucosal injection 
in a living body, including a follow-up case.

MATERIALS AND METHODS

1. Preparation of study animals

  Two living minipigs (Sus scrofa; Miniature Swine) were 
used for this study, which were provided from Chugai 
Research Institute for Medical Science, Inc., Shizuoka, 
Japan, and the use for research purpose was fully ap-
proved by the institution. 

2. Endoscopic procedures

  Endoscopic procedures were performed on the minipigs 
under general anesthesia and mechanical ventilation after 
overnight fasting. The stomachs were sufficiently inflated 
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Fig. 1. Tissue injury in a minipig killed immediately after argon plasma coagulation (APC). (A) APC (5 seconds) without prior 
submucosal injection. (B) APC (5 seconds) after submucosal injection. (C) APC (10 seconds) without prior submucosal injection.
(D) APC (10 seconds) after submucosal injection. (E) APC (20 seconds) without prior submucosal injection. (F) APC (20 seconds) 
after submucosal injection. Tissue coagulation was limited to the deeper submucosal layer under all the conditions. The thermal 
effects tended to do deeper with a longer pulse duration and no prior saline injection. With prior saline injection, the increased 
thickness of the submucosal layer might prevent injury to the deeper submucosal layer.

with air after the residual food and mucus on the mu-
cosal surface were washed out with tap water that was 
splashed from the instrumental channel of an endoscope. 
After these preparations, the application of APC over the 
mucosa was performed on the body of the fully-in-
sufflated stomachs with or without prior submucosal in-
jection of normal saline, at the setting of the power of 
60W and the argon gas flow of 2 L/min. The pulse dura-
tion was changed as 5, 10, and 20 seconds. The unit used 
for application of APC was the standard APC equipment 
consisting of a high-frequency generator (Erbotom ICC 
200), an automatically regulated argon source (APC 300), 
and a flexible APC applicator, 2.3 mm in diameter. All of 
them were products of ERBE Elektromedizin, Tubingen, 
Germany. A flexible APC applicator was inserted into the 
stomach through the endoscopic channel. Two milliliters 

of normal saline per site were injected into the sub-
mucosal layer for the testing of prior submucosal in-
jection, by using a 23-gauge injection needle. Although it 
was difficult to apply APC at the same condition, we 
tried to keep a separation distance of an applicator and 
tissue approximately 2 mm and the angle 10 to 30 
degree. After the coagulation was performed, one minipig 
was killed without delay and the other was killed after 
observation for one week. 

3. Pathological analysis 

  The resected stomachs were cut on the points of coagu-
lation and fixed with formalin and embedded in paraffin. 
A histological section was made from each block and 
stained with hematoxylin and eosin and examined about 
tissue damage microscopically. 
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Fig. 2. Tissue damage in a minipig killed 1 week after APC. (A) APC (5 seconds) without prior submucosal injection. (B) APC (5
seconds) after submucosal injection. (C) APC (10 seconds) without prior submucosal injection. (D) APC (10 seconds) after 
submucosal injection. (E) APC (20 seconds) without prior submucosal injection. (F) APC (20 seconds) after submucosal injection. 
Under all the conditions except for 20 seconds of APC without prior submucosal injection, granulomatous and fibrotic changes were
evident in the submucosal layer of the artificial ulcer, although the actual muscle layer appeared intact. Deep ulceration that 
destroyed the muscle layer was evident for 20 seconds of APC without submucosal injection.

RESULTS

1. Tissue damage of immediate euthanasia

  A minipig killed without delay after APC application re-
vealed that tissue damage without injection was extended 
deeper as the applied time increased and tissue damage 
with injection was limited to the shallower submucosal 
layer regardless of the applied time. However, the differ-
ence between noninjected area and injected area was sub-
tle and the usefulness of prior submucosal injection was 
not revealed significantly (Fig. 1).

2. Tissue damage of delayed euthanasia

  A minipig killed after one week's follow-up revealed 
that granulomatous and fibrotic changes existed in the 
submucosal layer of the artificial ulcers at the pulse dura-
tions of 5 seconds and 10 seconds, regardless of sub-
mucosal injection. The difference between noninjected in-
jury and injected injury, or between pulse durations of 5 
seconds and 10 seconds was not obvious, and injury of 
the proper muscle layer was not observed in any of those 

conditions. On the contrary, the noninjected injury of the 
pulse duration of 20 seconds made the deep ulceration 
extended to the deeper proper muscle layer, whereas in-
jected injury of the same duration did not extend to the 
proper muscle layer (Fig. 2).

DISCUSSION

  This study may give us two important messages. First, 
unexpected deep tissue destruction may possibly occur 
and follow-up study is necessary to find the true damaged 
area in a living body. Second, prior submucosal injection 
of normal saline may be useful to prevent deep tissue de-
struction in a living body and the resected stomach. 
  The reason why the discrepancy of tissue damage exists 
between the area with and without follow-up may be the 
limitations of histology in detectability of thermal 
damage. One of the characteristics of APC is reported 
that it uniformly creates deep zones of shrinking, desic-
cation, coagulation and devitalization, in turn, from the 
applied surface.14 However, histological investigation may 



98   Gut and Liver, Vol. 2, No. 2, September 2008

not detect the zone of devitalization, which means that 
tissue damage is underestimated than the true one. 
Follow-up study is necessary to find the true damaged 
area. In this study, 20 seconds' application of APC re-
sulted in damage limited to the submucosal layer when 
examined soon after application, but created a deep ulcer 
with destruction of the proper muscle layer when exam-
ined after one week. This result suggests that we have to 
be aware of late perforation, which may occur a few days 
to a few weeks after APC application.
  Previous study using a resected stomach revealed the 
usefulness of prior submucosal injection.9 The present 
study using a living minipig also supports it. When APC 
was applied after submucosal injection, tissue damages 
were limited to up to submucosal layer regardless of time 
duration. Furthermore, the follow-up study for one week 
also revealed the same results. In practice, we sometimes 
experience an unexpected extension of tissue destruction, 
which may be affected by inevitable various factors; e.g. 
host factors (mucosal thickness, blood flow, in-
flammation, etc), technical factors (the extension of the 
gastric wall by inflated air, the applied angle, the distance 
between an applicator and tissue, etc).3,6,12,13 Therefore 
submucosal injection of normal saline may be essential to 
get the sufficient results at any encountered situation, 
without the fear of extensive damage up to the proper 
muscle layer. Since tissue damage up to submucosal layer 
is sufficient for treating most of lesions with APC, sub-
mucosal injection can become the standard preparation 
prior to APC application in humans. One recent case ser-
ies of colonic angiodysplasia showed the safety and 
efficacy.15 Further prospective study, including a large 
number of patients with and without prior submucosal 
injection will be warranted to show the clinical impact.
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