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INTRODUCTION

Endoscopic submucosal dissection (ESD) has been gaining 
acceptance in several countries(1-3); however, the difficulty level 
combined with adverse events, such as bleeding and perforation, 
limit the use of ESD by endoscopists. The risk of adverse events 
depends on the experience and expertise of the operator, patient 
comorbidities (e.g., hypertension, diabetes, bleeding disorders, 
anticoagulant use), and factors intrinsic to lesions such as the 
location, size, and degree of submucosal invasion(4).

In Japan, it is believed that beginners of ESD can achieve ac-
ceptable expertise levels after performing 20 to 30 resections(5-12). 
This teaching method is difficult to replicate in western countries 
because of  the low incidence of  gastric cancer, which limits the 
learning curve in ESD.

Considering the importance of  learning ESD, most western 
countries proposed ESD training in experimental animals before 
performing it in humans(5).
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In several studies on ESD training that used in vivo and ex 
vivo animal models, the assessment of skill acquisition is based on 
the analysis of variables such as resection time, en bloc resection, 
complete lateral margin resection, bleeding and perforation(5-11).

The analysis of  these parameters is essential but does not 
include the resection depth of the gastric submucosa. This is an 
important factor because endoscopic treatment of EGC is only ac-
ceptable when the lesion extends below 500 μm into the submucosa. 
[i.e., to the first submucosal (SM1) layer]. Therefore, the resection 
depth should reach at least the SM1 layer(12).

This concept should be considered to achieve an optimal resec-
tion plane and consequently, curative resection.

In addition, there may be an association between the submu-
cosal dissection depth (DSUB) and the risk for bleeding(13,14). This 
raises the concern about whether DSUB is an important factor to 
be analyzed during ESD training in live porcine models.

The primary objective is to evaluate the knowledge gain on 
short-term training courses in ESD, by using DSUB and other 
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known parameters such as resection time, volume of submucosal 
injection, en bloc resection rate, specimen size, and adverse events 
(bleeding and perforation).

The secondary objective is to evaluate the association between 
DSUB and the risk of adverse events (bleeding and perforation).

METHODS

This experimental study was conducted between July 2011 and 
July 2013 at the Gastrointestinal Endoscopy Unit (Gastroenterol-
ogy Department), Experimental Surgery Division and Department 
of  Pathology (LIM05) of  the University of  São Paulo Medical 
School.

Selection of participants
A questionnaire was given to all physician participants to as-

sess the years of medical practice; specialty; years of endoscopy 
experience; number of endoscopies, colonoscopies and endoscopic 
retrograde cholangiopancreatography (ERCPs) examinations per-
formed/ year and previous experience of ESD. Voluntary informed 
consent was signed by all participants.

Inclusion criteria
-	 Medical professional with a specialization in endoscopy.
-	 Minimum experience of 5 years in endoscopy.
-	 Experience in advanced therapeutic endoscopic techniques.
-	 No previous experience in ESD.

Exclusion criteria
- Execution of ESD in different parts of the gastric body.
- Use of a technique different from the standard technique
- Failure to fill out the questionnaire
- Specimens that were missing, unlabeled or defective

Endoscopic submucosal dissection training technique in 
live porcine models

Gastric lesions were simulated in a live porcine model by aspi-
rating the gastric mucosa using a distal attachment cap (Olympus 
D-201-10704), which was inserted into the tip of the endoscope. 
For a uniform analysis, all lesions were created at the gastric body.

The technique, standardized by Hosokawa et al.(15) begins with 
circumferential marking of the lesion (FIGURE 1A) using a needle 
knife (Olympus, KD-620LR) at a distance of approximately 2 to 3 
mm outside the lesion. This circumferential marking was performed 
using electrocautery in coagulation mode (soft coagulation, 30 W).

A solution containing 20% mannitol and indigo carmine was 
injected into the submucosa using a 23-gauge sclerosis catheter 
(Olympus NM-200L-0423) to form a submucosal cushion and 
enable appropriate elevation of the lesion (FIGURE 1B).

Using a needle knife and electrocautery (Endocut, 40 W), a 
pre-incision was made approximately 1 to 2 mm outside the marked 
area. An IT-Knife (KD-611L) was inserted into the pre-incision so 
that the submucosal dissection outside the demarcated area would 
encircle the entire lesion (FIGURES 1C, 1D, 1E). Submucosal 
dissection was performed until the lesion was completely resected 
(FIGURES 1F,1G,1H).

The resected specimen was removed using a foreign body 
forceps (Olympus GF-47L-1), stretched and fixed with pins on a 
Styrofoam plate, and subsequently transferred to a container with 
10% formalin solution. The specimens were labeled regarding the 

gastric region resected, operator name, and the number of the op-
erating table. Specimens that were missing, unlabeled, or defective 
were not eligible for the study. Pathologists were blinded to any 
information regarding the resected specimens or the outcomes 
during ESD training.

In this study, intraprocedural bleeding is defined as any visible 
bleeding episode that develops during the submucosal dissection. In 
the event of intraprocedural bleeding, the methods of choice used 
for hemostasis were endoscopic clips (Olympus HX-610-090 and 
135), electrocautery, or injection methods. The injection method of 
choice was adrenaline combined with saline solution of 1:10,000 
or 1:20,000. Postprocedural bleeding was not assessed since the 
porcine models would be euthanized soon after the procedure. In 
cases of perforation, the treatment involved the use of metal clips 
(Olympus HX-135 and 610-090).

Laparotomy for gastric wall samples
After endoscopic resections were done, laparotomy was con-

ducted to obtain a transmural sample of the gastric wall (greater 
curvature of  the body) of  each live pig used in the study as a 
reference (control group) to estimate the depth of  submucosal 
resection by ESD.

Histological examination and measurement of the gastric layer
Histopathological examination of the resected specimens was 

performed using hematoxylin and eosin staining. 
The thickness of  each gastric layer was measured using 

stereological techniques. Stereology is a set of  methods used to 
quantify morphological structures enabling the interpretation of 
solid structures using two-dimensional images (e.g., tissue sections, 
radiological images, and ultrasound images).

Stereology has some advantages over traditional measure-
ment methods. Conventional methods measure two-dimensional 
images, such as the direct measurement of a histological section 
in micrometers, using a microscope. In contrast, stereological 
techniques enable the estimation of volume, density, area, number 
of cells, and other data in a three-dimensional format using two-
dimensional information of the target object. Therefore, several 
statistical and geometrical analyses may be performed (e.g., sample 
size, uniform randomization of the sectioned areas, and isotropy) 
while maintaining statistical rigor. The advantage of stereological 

FIGURE 1. Schematic representation of the endoscopic submucosal dissec-
tion (ESD) technique. A) Marking of the lesion; B) Submucosal injection; 
C, D, E) Pre-cut and circunferencial incision; F, G) Submucosal dissec-
tion; H) Complete resection. [Source: Gastrointestinal Endoscopy Unit 
University of São Paulo Medical School (photos) and Hosokawa et al.15].
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studies is the production of numerical (objective) results, with good 
reproducibility and rapid assessment, in addition to the low cost 
of the equipment used(16).

Nyengaard et al.(17) described the applicability of these methods 
in estimating the number of cells, total volume, and average length 
of stomach in rats using histological images of the gastric wall.

Stereological techniques are often used in experimental neuro-
science studies, particularly those of brain areas that are inacces-
sible by other methods, for the accurate quantification of volume, 
area, and spatial distribution of neural cells(18), making this method 
practical and feasible for measuring the area of gastric layers.

In this study, the measurement of  the gastric layer area was 
performed by evaluating the area percentage (Avcomp) of each com-
partment using a point counting method19. The tissue sections with 
the deepest dissection depth of each specimen were chosen for this 
analysis (ΣPcomp) and compared with gastric transmural samples 
(ΣPTot) obtained on the same area where ESD was performed. For 
this purpose, photomicrographs of tissue section were created, with 
a magnification of 4×, and a point test system was superimposed 
on the images. The incident points on each of the compartments of 
interest were differentially counted, and Avcomp

(19,20) was calculated 
using the following formula(1):

Avcomp = ΣPcomp/ΣPTot (1)
Where, ΣPcomp is the sum of the number of incident points 
in one compartment.
ΣPTot is the sum of the number of incident points in all 
compartments of the gastric wall.

The software program Image J was used for all counts and 
measurements. Each counter type is shown in the left column and 
corresponds to one of the layers evaluated (FIGURE 2).

Study flowchart
The study was divided into two phases, corresponding to dif-

ferent assessment periods. The objective of phase 1 was to evaluate 
training in dissections performed by each participant during ESD. 
Phase 2 included the histological analysis of the resected specimens 
(FIGURE 4).

FIGURE 2. Representation of counting the incident points using Image J 
[Source: Experimental Air Pollution Laboratory, Department of Pathology 
(LIM 05) FMUSP].

Initial sample
Twenty five endoscopists were eligible for the study and they 

were divided into eight groups (3-4 participants/ group). Each group 
had two to three live porcine models available for a 1-day train-
ing session. Each endoscopist performed at least three resections. 
Seventeen live porcine models were used for the study. A total of 
92 specimens (17 operated transmural sample and 75 resected by 
ESD) eligible for the study (FIGURE 3).

FIGURE 4. Schematic representation of the study phases.

ESD training evaluation (phase 1) 
The day before the endoscopic dissections, all participants re-

ceived a 4-hour lecture on the key points of ESD. The lecture was 
given by an experienced endoscopist (>300 cases of gastric ESD). 
Videos were also presented to demonstrate ESD cases previously 
performed by the lecturer.

The lecturer gave a practical demonstration of how to execute 
endoscopic dissection using a live porcine model. Subsequently, 
each subject performed a minimum of three endoscopic resections. 
All procedures were performed at the gastric body and under the 
supervision of experts.

Each trainee performed all resections on the same day. After all 
participants of each group finished the first resection, they would 
start the second resection, and so on. None of them were instructed 
to perform deeper resections.

The variables of interest collected after each resection are as 
follow: resection time (ΔTR: min) starting from the marking of the 
lesion to the end of submucosal dissection; volume of submucosal 
injection (mL); size of the resected specimen (mm); location of the 
lesion; and incidence of bleeding, perforation and death.

FIGURE 3. Schematic representation of number of participants, resected 
specimens and live porcine models.
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These variables were defined according to current medical 
literature as criteria of technical proficiency(5,6,11,20-27). The variables 
were collected by an independent observer after each dissection: 
first (D1), second (D2), and third (D3). Thus, the outcome of phase 
1 was to evaluate ESD training in a live porcine model using the 
aforementioned technical criteria. 

Submucosal dissection depth (phase 2)
The thickness of the gastric wall varies among live pigs. There-

fore, to enable the assessment of endoscopic resection depth, gastric 
transmural samples were collected (laparotomy) in the same area 
where endoscopic resections were performed. The submucosal 
compartments of these samples (control specimen) were used as a 
parameter to evaluate how deep the endoscopic resection has been 
taken i.e, submucosal dissection depth (FIGURE 5). After the 
resection, the specimen were fixed and forwarded to the Pathology 
Department with no further information about the endoscopic 
dissection outcomes on phase I and II or any other information 
about the resected specimens on D1, D2 and D3. The pathologists 
were instructed to analyse and measure the submucosal dissection 
depth only.

The primary outcome assessed in this phase was to evaluate 
the association between DSUB and variables collected in phase 1.

During the procedure, temperature, oxygen saturation, and heart 
rate were monitored(28,29).

After the endoscopic procedure, the animals were euthanized by 
a method recommended by the Federation of Laboratory Animal 
Science Associations and Guidelines on Euthanasia(29,30).

Statistical analysis
Quantitative variables were presented as mean ± standard de-

viation; and all qualitative variables were presented as frequencies 
(%) with 95% confidence interval (CI) calculated. Median values 
were given for outliers.

Non-parametric analysis of  variance for repeated measures 
was used to evaluate the effect of repeating dissections over time(31). 
Measurements assessed at baseline (D1) and in the final dissection 
(D3) were compared using the non-parametric Dunnett test(32).

The association among the factors involved in complications 
was evaluated using the Mann–Whitney test for quantitative varia
bles and Fisher’s exact test for qualitative variables.

Finally, based on the submucosal dissection depth receiver 
operation characteristic (ROC) curve analysis was performed to 
determine the optimal depth necessary to reduce the risk of bleed-
ing, calculating the area under the ROC curve (AUC). A cut-off  
point was estimated using the Youden- Index to maximize the 
sensitivity and specificity desirable to create the test (maximum= 
sensitivity + specificity-1), so that an “optimal cut-off ” point 
with a maximal sensitivity and specificity could be determined 
on the ROC curve. Subsequently, 95% CIs were calculated for all 
diagnostic measures: AUC, sensitivity, specificity, and positive and 
negative predictive values. 

P values of <0.05 were considered statistically significant. All 
statistical analyses were performed using the software program R 
version 3.1.2(33).

RESULTS

A total of 92 specimens (75 ESDs and 17 control specimens) 
were resected and included in the study. The mean size of the re-
sected specimens was 23.97±7.2 mm.

Specimens were resected from the greater curvature and anterior 
wall of the gastric body. The resection mean time was 23.97±11.74 
minutes.

In addition, 94.67% en bloc resections were performed, and 
specimen fragmentation occurred in four (5.33%) cases.

The adverse events were divided into two types: intraprocedural 
bleeding [17 (22.67%) cases] and perforation [3 (4%) cases]. There 
were no cases of death.

Assessment of ESD learning
• Trend analysis
The trend analysis of variables enabled the observation of the 

effect of repeating the dissections (from D1 to D3). Interestingly, 
deepening of the submucosal resection was seen during the study 
but resection time and bleeding rate were the most significant 
trend. (TABLE 1). 

Variables of interest versus adverse events
• Bleeding
There were 17 cases (22.67%) of bleeding among the 75 resec-

tions. The association between the variables of  interest and the 
presence or absence of bleeding was analyzed (TABLE 2).

FIGURE 5. Photomicrographs of cross-sections of the gastric wall of 
pigs after resection. A) Transmural specimen resected by surgery (control 
specimen). B) Specimen endoscopically resected using ESD in the same 
pig. Identification of gastric compartments (layers). M: mucosa; MM: 
muscularis mucosa; SM: submucosa; Mm: muscle [Source: Experimental 
Air Pollution Laboratory, Department of Pathology (LIM 05) FMUSP].

Ethical considerations, anesthesia, and euthanasia
The study was approved by the Ethics Committee on Animal 

Use and the Research Ethics Committee of the University of Sao 
Paulo Medical School. Male and female domestic pigs of a hybrid 
breed (Landrace × Pietran × Duroc), with an average weight of 
20±2 kg, were used in this study and previously subjected to a 
veterinary evaluation to rule out any obvious clinical infectious 
diseases. The procedure was performed under general anesthesia. 
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Factors, such as resection time (P=0.339), volume of submu-
cosal injection to lift the lesion (P=0.704), and specimen frag-
mentation during resection (P=1) did not influence the risk of 
intraoperative bleeding (TABLE 2).

• Perforation
There were three (4%) cases of  perforation among the 75 

resections. These cases occurred in D3. In addition, there was no 
significant association among resection time (P=0.344), volume 
of the submucosal injection (P=0.223), specimen fragmentation 
(P=0.154), and perforation risk during resection (TABLE 3). 

• Submucosal dissection depth
Histological analysis of the submucosa enabled the measure-

ment of DSUB and the association between DSUB and adverse events. 
No significant results in the comparative analysis between perfora-
tion and the depth of submucosal dissection were seen (P=0.324) 
due to few cases of perforation (n=3).

Other variables such as resection time and submucosal injection 
volume were compared with DSUB, showing a non-associable trend 
between these factors.

On the other hand, significant association between DSUB and 
bleeding risk during the procedure was seen (P<0.001). The DSUB 
mean value in the bleeding group was 37.97%±21.13 % and the 
non-bleeding group was 68.66%±23.99%.

 Few outliers were seen, so calculating the median value was 
preferable where submucosal dissection depth were significantly 
different between the bleeding and non-bleeding groups, corre-
sponding to 27.95% and 73.11%, respectively (FIGURE 6). 

TABLE 1. Values of the variables analyzed in D1, D2, and D3.

D1 (n=25) D2 (n=25) D3 (n=25) P value

Resection time (min)* 28.44 ± 9.73 24.76 ± 14.24 18.72 ± 8.81 <0.001

Injection volume (mL)* 25.24 ± 13.17 21.16 ± 13.36 23.72 ± 15.34 0.241

Size (mm)* 22.68 ± 6.89 22.6 ± 7.33 26.64 ± 6.9 0.17

Bleeding (%)** 8 (32%)
(17.18–51.78)

5 (20%)
(8.56–39.71)

4 (16%)
(5.95–35.43) 0.047

Perforation (%)** 0 (0%) 0 (0%) 3 (12%)
(3.49–30.99) 0.07

Fragmented specimens (%)** 1 (4%)
(0–21.43)

1 (4%)
(0–21.43)

2 (8%)
(1.24–26.34) 0.77

Submucosal dissection depth (%)* 53.5 ± 23.76 61.8 ± 26.47 69.82 ± 27.86 0.073

*Values are expressed as mean ± standard deviation. **Values with 95% confidence interval.

TABLE 2. Association between the variables of interest and bleeding.

Bleeding
(n=17)

No Bleeding
(n=58) P

Resection time (min)* 25.71 ± 10.82 23.47 ± 12.04 0.339

Submucosal injection (mL)* 22.29 ± 13.28 23.69 ± 14.18 0.704

Fragmented specimens (%) 0 6.9 1.0

Em bloc resected 
specimens (%) 100 93.1 1.0

*Values are expressed as mean ± standard deviation (SD).

TABLE 3. Association between the variables of interest and perforation.

Perforation
(n=3)

Non perforation
(n=72) P

Resection time (min)* 17.33 ± 
2.89 24.25 ± 11.9 0.344

Submucosal injection (mL)* 15 ± 2.65 23.72 ± 14.08 0.223

Fragmented specimens (%) 33.33 4.17 0.154

En bloc resected  
specimens (%) 66.67 95.83 0.154

*Values are expressed as mean ± standard deviation (SD).
FIGURE 6. Sample distribution between bleeding and non-bleeding 
group.
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• ROC curve analysis
Based on the submucosal dissection depth, ROC curve analysis 

was performed to determine the optimal depth necessary to reduce 
the risk of intraprocedural bleeding and the AUC was calculated. 
According to this analysis, the point with the largest AUC was 
defined as the point having the greatest association with bleeding. 
Optimal cutoff  points were determined on the basis of maximum 
values of  the Youden Index, which indicates the minimum dis-
tance from the upper left corner to the point of  the ROC curve 
(FIGURE 7).

DISCUSSION

ESD was developed in Japan in the 1990s(16). This technique 
quickly revolutionized the treatment of early cancer by enabling 
the resection of lesions larger than 2 cm, with excellent oncologi-
cal control.

However, a minimum learning curve is needed to achieve a 
safe resection and remain within the recommended oncological 
standards(6,23). It is expected that most elaborate learning programs 
are from Japan, where the training algorithm is divided into two 
primary stages: theoretical preparation and practical training(23,25).

In Japan, practical training does not usually involve the use of 
simulators. The procedure is performed in humans, by endoscopists 
under direct supervision of an expert(24).

Unfortunately, the extensive experience of ESD in Japan cannot 
be replicated in western countries, which limits the opportunities 
for learning the technique. Simulators are valuable tools because 
they enable the development of the necessary cognitive ability and 
diminish the period to achieve an optimal learning curve(8,21,23,34).

In complex endoscopic procedures such as ESD, it is necessary 
to select a simulator capable of reproducing a reliable tactile sensa-
tion that is similar to a real procedure and providing an opportunity 
to treat potential complications such as perforation and bleeding(23).

In this scenario, live pigs better simulates the human stomach 
because of anatomical similarities, particularly with regard to the 
gastric wall layers, vascularization, gastric secretions, peristaltic 
movements, and the possibility of bleeding(35-38).

The main disadvantages of using live animals are the logistics 
for animal care, high cost, and ethical considerations(39).

At present, in countries with limited experience in ESD, simula-
tors are the only option as a starting point for ESD training(5,40,41).

Therefore, different algorithms have been proposed for training, 
which seeks to integrate the accumulation of theoretical knowledge 
(diagnosis, indications, complications, and accessories), training un-
der expert supervision, and visits to specialized centers in Japan(22).

In many reports the proficiency indicators for ESD training are 
resection time, en bloc resection rate, and safety (low incidence of 
adverse events)(5,13,21-24). In this study we used a short-term train-
ing course in ESD so the number of procedures per student were 
fewer than other published papers(8,10), however it was possible to 
observe a progressive improvement in the resection time (P<0.001) 
and reduction in the bleeding rate (P=0.047), which do not differ 
from those in the literature(5-13,21-24).

In addition, histological analysis of the specimens indicated an 
increase in the submucosal dissection depth (P=0.073), demonstrat-
ing a trend toward deepening of the dissection plane.

What really differs from other studies is that all participants 
were experienced endoscopists who already had expertise in other 
therapeutic procedures which was a determining factor for a good 
performance, even after only three resections.

However, there were few cases of  perforation (n=3), all of 
them on the third dissection which might lead to the assumption 
that participants were less cautious during ESD due to the self-
confidence gained during the training.

Berr et al.(42) conducted a case series study in which they dem-
onstrated that an endoscopist with previous experience on inter-
ventional procedures, after a theoretical learning period in Japan, 
succeeded in conducting ESD in his home country without the 
guidance of an expert, with a perforation rate of 14% and a bleeding 
rate of 4%(42), which are not unacceptably high, considering that 

FIGURE 7. ROC curve analysis of bleeding development after endoscopic 
submucosal dissection. The resulting cutoff point of the submucosal dis-
section depth for bleeding was 61% (specificity, 94%; sensitivity, 64%). 
Sensitivity is shown in the Y-axis, and specificity is shown in the X- axis.

The results of  estimating the cutoff  point (TABLE 4) with 
strong association between DSUB and bleeding was 61% (sensitivity, 
64%; specificity, 94%). Therefore, when DSUB was larger than 61% of 
the submucosal area, there was a strong probability of the absence 
of bleeding during the procedure (PPV, 0.97; 95% CI, 0.85–0.99). 
Consequently, the risk for bleeding was high when the submucosal 
dissection depth was less than 61% (NPV, 0.43; 95% CI, 0.30–0.97).

TABLE 4. Results in estimating the cutoff point based on the Youden-
-Index.

Submuc. dissect. depth (DSUB)

ESTIMATE 95%CI

CUTOFF 61.03 NA NA

Se 0.64 0.5 0.76

Sp 0.94 0.71 1

PPV 0.97 0.85 0.99

NPV 0.43 0.3 0.97

DLR positive 10.84 1.6 73.33

DLR negative 0.38 0.27 0.55

FP 1 NA NA

FN 21 NA NA
Se: sensitivity; Sp: specificity; PPV: positive predictive value; NPV: negative predictive value; 
DLR positive: positive diagnostic likelihood ratio; DLR negative: negative diagnostic likelihood 
ratio; FP: false positive; FN: false negative.
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complication rates in Japan varies between, 3% to 7% for bleeding 
and 1% to 12% for perforation(43,44). Thus, perhaps, the endoscopists 
experience in therapeutic procedures might have more relevance 
than the number of resections to achieve an ideal learning curve.

Moreover, resection depth has never been determined to be an 
important variable to be analyzed during ESD training in animal 
models. This factor is important because of two principles. a) The 
Japanese Gastric Cancer Association(27) reported that one of the 
criteria of  curability is when the tumor does not penetrate the 
first submucosa layer or reaches a depth of up to 500 μm from the 
SM1, which means that when endoscopic resection is indicated, 
the endoscopist should go deep enough to include this small por-
tion of the submucosa. b) The gastric vasculature responsible for 
bleeding during ESD is mostly from the ramified vascular network 
located in the superficial submucosal layer(45), which suggests that 
the best strategy to prevent intraprocedural bleeding is to maintain 
the appropriate dissection depth to reach the avascular stratum 
located just above the muscle layer where fewer but larger vessels 
arise, enabling the easy identification to perform cauterization(13).

Toyonaga et al.(45) observed that the ideal dissection plane was 
closest to the muscle layer because of the presence of fewer and 
larger caliber vessels, making their identification easier and reducing 
the risk for bleeding (FIGURE 8).

FIGURE 8. Vasculature of the gastric submucosal layer. A) Contrast 
photomicrograph of the submucosal vessels of the deepest submucosal 
layer (blue arrow) and its branches located in the superficial submucosal 
layer (red arrow). B) Image obtained during ESD, showing larger caliber 
vessel (white arrow) near the muscle layer [Source: Takashi Toyonaga, 
Department of Endoscopy, Kobe University Hospital].

However, there are no clinical studies to support this theory. 
Association studies between risk of intraprocedural bleeding and 
the depth of submucosal dissection would be difficult to conduct, 
primarily because of the clinical variability among patients, other 
risk factors (hypertension, coagulopathy, cirrhosis, diabetes, anti-
coagulant use), and factors intrinsic to the lesion (size, location, 
submucosal invasion, and recurrence)(4,46,47). These confounding 
factors are eliminated using experimental animals.

The DSUBs of the specimens resected by ESD were calculated 
using stereological methods based on point counting and estimated 
in percentage of the total gastric wall (transmural gastric sample).

As a result, we could observe that the number of  cases of 
intraprocedural bleeding significantly decreased when endoscopic 
resections were performed at deeper levels (P<0.001).

This result corroborates the hypothesis held by some authors, 
concerning the importance of  finding the ideal submucosal dis-
section plane for better visualization of vessels and consequently, 
reducing the risk for bleeding(13,45).

Based on the Youden-Index a cut-off  point was estimated to 
reduce the risk of bleeding.

The resulting cut-off  point was 61% (sensitivity, 64%; specific-
ity, 94%), given that sensitivity was defined as the probability that 
the submucosal resection rate was above the cut-off  point in cases 
in which bleeding did not occur and specificity was defined as the 
probability that the submucosal resection rate was below the cut-off  
point in cases in which bleeding occurred. The fact that bleeding 
could harm the patient, favors the use of a cut-off point with greater 
specificity to avoid bleeding (true negatives).

Therefore, when the submucosal resection rate was higher than 
61%, there was a strong likelihood that bleeding would not occur 
during the procedure (PPV, 0.97; 95% CI, 0.85–0.99), and the risk 
for bleeding increased when resection was below 61% (NPV, 0.43; 
95% CI, 0.30–0.97).

This statistical inference indicates that the evaluation of 
endoscopic resection depth in conjunction with other variables 
(resection time, en bloc resection rate, size and adverse events) 
might be important in the teaching process during ESD training 
in live porcine models. Other factors contribute to the bleeding risk 
in ESD, but we were able to show the importance of measuring 
the submucosal dissection depth during ESD training on animal 
models. We used the DSUB, not as the only but one of the variables 
to achieve an ideal learning curve in ESD.

CONCLUSION

The short-term training model allowed cognitive improvement 
from D3, with shorter resection time, reduced bleeding rate and 
deeper submucosal resection rates.

There was a significant association between submucosal dis-
section depth and the bleeding incidence during ESD training.
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RESUMO – Contexto – A técnica de ESD (Endoscopic Submucosal Dissection) é um procedimento endoscópico de grande complexidade, com alto índice 

de complicações e dificuldades técnicas. Para superar este problema, muitos centros de treinamento em endoscopia vêm publicando a aplicabilidade 
dos modelos animais para a aquisição de competência em ESD. Entretanto, a profundidade de ressecção nunca foi utilizada como parâmetro de 
aprendizagem, o que pode ser um fator relevante a ser ensinado, dado que atingir o plano de dissecção ideal é de suma importância para uma ressecção 
curativa e na prevenção de complicações intraoperatórias. Objetivo – Analisar o aprendizado em ESD em treinamentos de curta duração através da 
avaliação da profundidade de submucosa ressecada; e sua associação com complicações. Métodos – Estudo experimental; incluídos 25 endoscopistas 
com experiência em procedimentos terapêuticos (> 5anos) e 75 peças ressecadas por ESD sendo uma média de três resseções por endoscopista. Os 
parâmetros de aprendizagem (tempo de ressecção, tamanho, taxa de ressecção em bloco, sangramento, perfuração e análise histológica da camada 
submucosa) foram prospectivamente avaliados. A percentagem de profundidade de submucosa ressecada foi calculada. Resultados – Todas as ressecções 
foram realizadas no corpo gástrico (n=75). O tamanho médio das peças ressecadas foi de 23,97±7,2 mm. O número de complicações como sangramento, 
perfuração e morte foram respectivamente, 17 (22,67%), 3 (4%) e 0 casos. Na terceira dissecção, tempo médio do procedimento diminuiu de 28,44±9,73 
para 18,72±8,81 minutos (P<0,001). O grupo que teve sangramento durante o procedimento ressecou 37,97%±21,13% da camada submucosa e o grupo 
sem sangramento ressecou 68,66%±23,99%, demonstrando uma associação significante entre a profundidade de dissecção submucosa e a incidência 
de sangramento (P<0,001). De acordo com a análise de curva ROC, o valor de corte da profundidade de submucosa ressecada para a ocorrência de 
sangramento é de 61% (64% sensibilidade, 94% especificidade), logo quando o ESD é realizado em uma profundidade maior do que 61% da camada 
submucosa o risco de sangramento durante o procedimento diminui (VPP=0,97; IC95%:0,85-0,99). Conclusão – O modelo de treinamento de curta 
duração possibilitou um aprendizado da técnica de ESD mostrando uma melhora cognitiva dos alunos já na terceira dissecção. Existe uma associação 
significativa entre a profundidade de ressecção da submucosa com o risco de sangramento.

DESCRITORES – Ressecção endoscópica de mucosa, educação. Mucosa gástrica. Gastroscopia. Resultado do tratamento.
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