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Abstract
AIM: To evaluate if canine models are appropriate for 
teaching endoscopy fellows the techniques of endo-
scopic submucosal dissection (ESD).

METHODS: ESD was performed in 10 canine models 
under general anesthesia, on artificial lesions of the 
esophagus or stomach marked with coagulation points. 
After ESD, each canine model was euthanized and sur-
gical resection of the esophagus or stomach was carried 
out according to “The Principles of Humane Experimen-
tal Technique, Russel and Burch”. The ESD specimens 
were fixed with needles on cork submerged in a formol 
solution with the esophagus or stomach, and delivered 
to the pathology department to be analyzed. 

RESULTS: ESD was completed without complications 
using the Hook-knife in five esophageal areas, with a 
procedural duration of 124 ± 19 min, a length of 27.4 
± 2.6 mm and a width of 21 ± 2.4 mm. ESD was also 
completed without complications using the IT-knife2 in 
five gastric areas, with a procedural duration of 92.6 ± 
19 min, a length of 32 ± 2.5 mm and a width of 18 ±  
3.7 mm. 

CONCLUSION: ESD is feasible in the normal esopha-
gus and stomach of canine models, which are appro-
priate for teaching this technique.
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INTRODUCTION
The incidence of  esophageal adenocarcinoma is currently 
rising in Western countries and Latin America. Also, gastric 
cancer is the second leading cause of  cancer-related death 
worldwide. Endoscopic submucosal dissection (ESD) has 
provided a new alternative for minimally invasive treat-
ment of  gastrointestinal (GI) early-stage cancer[1-10]. 

With the purpose of  preserving gastrointestinal func-
tion and obtaining specimens for precise histological eval-
uation, ESD[11,12] has been developed for lesions ≥ 2 cm 
that are not amenable for endoscopic mucosal resection 
(EMR) because of  their size[1,13,14]. Adequate training is es-
sential, because complications[11,12] such as perforation are 
more likely with ESD than with EMR[2,4,15-18]. In selected 
cases, ESD may replace surgery and provide clean margins 
for accurate histological diagnosis of  the lesion borders 
and a complete curative treatment unlike other techniques 
such as piecemeal EMR[2,4,15,16], cryotherapy, laser, argon 
plasma and photodynamic therapy because of  their local 
recurrence rates. 

There are few training centers around the world in 
which an endoscopy fellow can be trained in the ESD 
technique. There is probably only a formal ESD training 
program in Asian countries[4-7,12,16], Germany[8,9], recently 
in Portugal[10] and at one site in Colombia. Animal models 
have been used to test ESD devices and new technology 
in this field, but a formal training program is still neces-
sary to teach this technique in western countries and Latin 
America. For this reason, animal models are an invaluable 
learning resource.

Our aim was to evaluate if  canine models are appro-
priate to teach endoscopy fellows the ESD technique. 

MATERIALS AND METHODS
Ethics
This study was carried out in accordance with “The 
Principles of  Humane Experimental Technique, Russel 
and Burch”[19]. After receiving approval for the protocol 
from the ethics and animal research committees at our 
institution (GAS-14-09/09-1), the procedures were con-
ducted on 10 mongrel dogs that weighed 18-20 kg that 

had previously passed the quarantine period. All the pro-
cedures were done by a staff  member of  the Gastroen-
terology Department, who was trained at the Fujigaoka 
Hospital of  the Showa University, Yokohama, Japan.

Cutting devices
Hook knife: The hook-type knife KD-620LR (Olympus 
Optical, Tokyo, Japan) was used to perform ESD in the 
esophagus[6] of  the canine models. It was right-angled 
1 mm at the tip. Safety is improved compared with the 
use of  a needle knife, because the submucosal tissue is 
hooked and pulled before incision. Safety is further im-
proved when used in conjunction with a transparent soft 
cap D-201-11804 (Olympus Optical) because the tissue 
can then be pulled inside the hood (Figure 1E). The 
knife had a rotating function so that the operator could 
select the optimal direction of  the hook.

Modified insulated-tipped knife 2: The modified insu-
lated-tipped diathermic knife2 (IT-knife2) (KD-611L; 
Olympus Optical) was used to perform ESD in the 
stomach[14] of  the canine models. This knife consisted 
of  a small ceramic ball attached to the tip of  the blade, 
which functioned as an insulator so that the incision and 
dissection of  the mucosa and submucosa could be per-
formed safely.  

A specialized feature of  the modified IT-knife2[6], 
which differs from the original IT-knife and other inci-
sion instruments, is that the portion between the insula-
tor tip and the sheath, on the base of  the ceramic ball, 
has a combination of  the original IT-knife and the trian-
gular knife that is used for removing the tissue with the 
electrodes on the distal side of  the blade. This feature 
allows a less horizontal cutting position, which was nec-
essary with the previous knife model.

Injection solution for mucosal and submucosal elevation
For all the canine models, we used normal saline solu-
tion with diluted epinephrine (1:10 000) and indigo car-
mine[3,4,15], which were injected to elevate the lesion and 
separate the submucosal layer from the muscular layer, 
as required during all the steps of  the ESD procedure, at 
a volume of  10-30 mL, depending on the size of  the le-
sion. Also, this solution was used for small bleeding sites 
during ESD[11,12], or when the cushion of  the submucosal 
layer was insufficient for good dissection. Too much in-
filtration can obstruct good vision of  the circumferential 
cutting, which interferes with the final cut of  the lesion. 

Electrosurgical HF-generator
The new electrosurgical HF-generator (ESG-100; Olym-
pus Optical) allowed us to set the power for prepro-
grammed coagulation and cutting modes.

Endoscopic unit and video-endoscope
All the procedures were done with a CV-145 endoscopy 
unit (Olympus Optical) and a GIF-Q1145 video-endo-
scope (Olympus Optical).
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ESD procedure
The initial step was to produce an artificial lesion marked 
with coagulation points (Figure 1A and B) in the esopha-
gus or stomach of  10 canine models (one at a time), 
under general anesthesia. The settings for marking the 
points with the precutting knife (KD-10Q-1; Olympus 
Optical) for the artificial lesions were: power, 20, and 
force coag2 mode. After marking, the above-mentioned 
solution was injected so that the peak of  the lifting was 
outside of  the markings (Figure 1C). ESD was per-
formed with the Hook-knife in the esophagus or the IT-
knife2 in the stomach. After that, we cut a circumference 
around the lesion with the knife (Figure 1D). We then 
used another injection to elevate the submucosal layer 
of  the center of  the lesion. The settings for the mucosal 
cutting of  the circumference were power at 80 in pulse 
cut slow mode. Afterwards, we performed submucosal 
dissection using a soft cap D-201-11804 attached to the 
tip of  the endoscope (Figure 1E) using the same set-
tings as in the circumferential cut. This transparent soft 
cap provided lesion counter-traction (Figure 1F), which 
is similar to a surgeon’s left hand, which made it easy to 
dissect the submucosal layer. The grasping forceps (FG-
49L-1; Olympus Optical) were used to retrieve the ESD 
specimens (Figure 1G).

After ESD, each dog was euthanized and surgical re-
section of  the esophagus or stomach (Figure 2A and B) 
was carried out according to “The Principles of  Humane 
Experimental Technique, Russel and Burch”[19]. The 
ESD specimens were fixed with needles on a piece of  
cork (Figure 3A and B) submerged in formol solution, 
together with the resected esophagus or stomach, and 
delivered to the pathology department for investigation. 

RESULTS
The ESD procedure was completed without complica-
tions using the Hook-knife in five esophageal areas, with 
a procedural duration of  124 ± 19 min, a length of  27.4 
± 2.6 mm, and a width of  21 ± 2.4 mm. The ESD pro-
cedure was also completed without complications using 
the IT-knife2 in five gastric areas, with a procedural du-
ration of  92.6 ± 19 min, a length of  32 ± 2.5 mm, and a 
width of  18 ± 3.7 mm.  

There was no perforation in either group. This fact 
was corroborated by an expert pathologist[8] after histo-
logical and macroscopic study of  the specimens.  

Descriptive statistics of  the pilot study are shown in 
Table 1. The size of  each specimen, the procedural dura-
tion, the site of  ESD, and its complications are shown 
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Figure 1  Procedure. A, B: Artificial lesion marked with coagulation points; C: Injection of normal saline with epinephrine and indigo carmine; D: Knife cutting of 
a circumference around the lesion; E: Transparent softcap provides lesion counter-traction; F: Soft cap attached to the tip of the endoscope during endoscopic 
submucosal dissection (ESD); G: Grasping forceps during retrieval of ESD specimens.

A B
Figure 2  Photographs of the 
retrieved surgical specimens. 
Esophagus (A) and stomach (B) 
after ESD.
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in Table 2 for the esophagus using a Hook-knife and in 
Table 2 for the stomach using an IT-knife2.

DISCUSSION
ESD has provided a new alternative for minimally inva-
sive treatment of  gastrointestinal early-stage[13] (T1mN0) 
cancer lesions > 2 cm, with minimal risk of  deeper wall-
layer involvement or lymph node metastases, as con-
firmed by endoscopic ultrasonography (EUS)[1-7]. This 
technique provides a curative alternative that preserves 
gastrointestinal function and offers an accurate histo-
logical T stage that replaces, in selected cases, surgery or 
other therapeutic attempts like piecemeal EMR[2,4,15,16], 
cryotherapy, laser, argon plasma and photodynamic 
therapy because of  their local recurrence rates.

Multiple factors make esophageal, small intestine and 
colon ESD more difficult compared with gastric ESD, 
including difficulties in maintaining the position of  the 
endoscope, the thinness of  their walls, the luminal an-
gulations, and peristalsis. To avoid complications such as 
perforation during the ESD procedure requires adequate 
training[4-10,12,16], and for this reason, animal models are 
invaluable as a learning resource.

Injection of  indigo carmine[3,4,15] and the consequent 
blue staining of  the submucosal tissue (Figure 1B) was 
used to identify the submucosal layer and the deep mar-
gin during the resection process. 

Although there are several injection solutions com-
mercially available in Japan for the submucosal cushion 
(Artz, 3.8% NaCl[15], Suveniel, 20% glucose, and glyceol), 
we decided to standardize the use of  normal saline with 
epinephrine and indigo carmine for all the ESD proce-
dures, and reserve for difficult cases the use of  Suprahyal  
(Asofarma de Mexico S.A. de C.V., Mexico) and sodium 
hyaluronate[17] (Meiji Seika Kaisha LTD, Tokyo, Japan).

Also, the solution of  normal saline, epinephrine 
and indigo carmine was used in cases with small bleed-
ing sites during ESD. Fortunately, we did not have any 
bleeding complications[11,12] during ESD. It is also very 
important to use hemostatic forceps as the submucosal 
dissection progresses for all the visible vessels below the 
lesion, to prevent bleeding obstructing vision of  the cut-
ting direction and post-ESD bleeding.

The electrosurgical HF-generator allowed us to set 
the power for preprogrammed coagulation and cutting 
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Figure 3  ESD specimens (A and B) fixed with needles in cork.

Table 2  ESD in the esophagus using the Hook-knife (KD-
620LR) and in the stomach using the IT-knife2 (KD-611L)

Size of specimen Procedural 
duration (min)

Site of ESD Complications

Hook-knife (Esophagus)
   30 mm × 20 mm 180 Lower None
   30 mm × 20 mm 160 Lower None
   30 mm × 20 mm 100 Lower None
   17 mm × 15 mm   90 Upper None
   30 mm × 30 mm   90 Mid None
IT-knife2 (Stomach)
   25 mm × 10 mm 150 Lesser curvature 

of antrum
None

   35 mm × 30 mm 120 Antrum 
posterior wall

None

   30 mm × 20 mm   90 Lesser curvature 
of antrum

None

   40 mm × 10 mm   60 Lesser curvature 
of antrum

None

   30 mm × 20 mm   43 Upper greater 
curvature

None

Tanimoto MA et al . ESD in a training center

Group Values Procedural 
duration (min)

Specimen 
length (mm)

Specimen 
width (mm)

Hook-knife 
(Esophagus)

n = 5
mean         124’ 27.400 21.000

SD     42’ 778”   5.814   5.447
SE     19’ 131”   2.600   2.449

Range           90’ 13.000 15.000
IT-knife2 
(Stomach)

n = 5
mean   92’ 60” 32.000 18.000

SD     43’ 518”   5.701   8.367
SE     19’ 462”   2.550   3.742

Range         107’ 15.000 20.000
Total 
(Esophagus 
and 
stomach)

n = 10
mean 108’ 30” 29.700 19.500

SD     43’ 919”   5.945   6.852
SE     13’ 888”   1.880   2.167

Range         137’ 23.000 20.000

Table 1  Descriptive statistics of the endoscopic submucosal 
dissection (ESD) pilot study



modes, which proved to be very important in perform-
ing the ESD without bleeding or perforation.

The right amount of  infiltration always allows vi-
sualization of  the circumference of  the lesion for the 
final cut. Also, it is important to keep in mind how the 
muscular layer runs and to observe accurately the accu-
mulation of  liquids, to plan the cutting direction so that 
gravity can assist with the total dissection of  the lesion. 

Histopathological examination of  the ESD speci-
mens by an expert pathologist is essential to confirm 
clean margins, and complete removal of  the mucosa and 
submucosa in all cases.

The limitations of  this research were that it involved 
artificial non-neoplastic lesions and a small number of  
specimens in a pilot study.

ESD is a feasible technique in the normal esophagus 
and stomach of  dogs and the use of  these models is ap-
propriate for teaching this technique.

ESD is a procedure that requires not only endoscop-
ic skills, but also a good understanding of  the endoscopy 
devices, techniques and technology to identify and treat 
EGC lesions. The minimum proficiency required by an 
endoscopy fellow to start ESD training is achieved after 
the appropriate knowledge is acquired. To begin with, 
the trainee assists an expert in the field, and eventually, 
he/she is assisted by an expert. Team work and coordi-
nation between the endoscopist and their assistants is 
also essential to perform ESD successfully.

Further studies and practice are needed to improve 
performance in canine models and to evaluate when the 
learning curve has been completed and a trainee is ready 
to perform ESD in patients. Also, in western countries 
and Latin America, multicenter studies are necessary be-
fore this technique can become a routine procedure.

The implementation of  an ESD course at a WGO 
training center[1] will not only help to open numerous 
research areas that could contribute to the treatment of  
early GI cancer lesions, but will also help the worldwide 
dissemination of  these techniques. 

COMMENTS
Background
The incidence of esophageal adenocarcinoma is currently rising in Western 
countries and Latin America. Also, gastric cancer is the second leading cause of 
cancer-related death worldwide. Endoscopic submucosal dissection (ESD) has 
provided a new alternative for minimally invasive treatment of gastrointestinal 
early-stage cancer, with the preservation of gastrointestinal (GI) function. 
Because of possible complications, such as perforation, adequate training is 
necessary to perform ESD successfully.
Research frontiers
Complete curative treatment of early GI cancer with ESD has been demon
strated in the Asian countries. However, after many years of investigation in 
this field, there are still a lack of multicenter studies that have incorporated this 
technique into the everyday practice in Western countries and Latin America. 
In the present study, the authors demonstrated the feasibility of using animal 
models as a learning resource to teach the ESD technique. 
Innovations and breakthroughs
There are few training centers around the world at which an endoscopy fellow 
can be trained in the ESD technique. There is probably only a formal ESD training 
program in Asian countries, Germany, recently in Portugal, and at one site in 

Colombia. Completion of the learning curve and implementation of training in the 
ESD technique at a health institute and World Gastroenterology Organisation 
training center that annually receives trainees from all over Mexico and Central 
and South America will not only help to open numerous research areas that could 
contribute to the treatment of early GI cancer, but will also help the worldwide 
dissemination of these techniques.
Applications
Until now, ESD has been considered technically difficult, hazardous and 
time consuming. However, new technology is allowing us to overcome these 
drawbacks. Animal models have been used to test ESD devices and new 
technology but a formal training program is still necessary to teach this technique 
in western countries and Latin America. For this reason, animal models are an 
invaluable learning resource. 
Terminology
ESD is a technique that allows en-bloc resection of early GI cancers > 2 cm, 
with minimal risk of deeper wall-layer involvement or lymph node metastases, 
as confirmed by endoscopic ultrasonography. In selected cases, ESD may 
replace surgery and provide clean margins for accurate histological diagnosis 
of the lesion borders and complete curative treatment.
Peer review
This is an interesting investigation that presents the feasibility of using canine 
models for ESD training.
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