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Abstract
Background  Endoscopic submucosal dissection allows for “en bloc” removal of early gastrointestinal neoplasms. However, 
it is technically demanding and time-consuming. Alternatives could rely on energy-based techniques. We aimed to evaluate 
a predictive numerical model of thermal damage to preoperatively define optimal laser settings allowing for a controlled 
ablation down to the submucosa, and the ability of confocal endomicroscopy to provide damage information.
Materials and methods  A Nd:YAG laser was applied onto the gastric mucosa of 21 Wistar rats on 10 spots (total 210). Power 
settings ranging from 0.5 to 2.5W were applied during 1–12 s, with a consequent energy delivery varying from 0.5 to 30 J. 
Out of the 210 samples, a total of 1050 hematoxilin–eosin stained slides were obtained. To evaluate thermal injury, the ratio 
between the damage depth (DD) over the mucosa and the submucosa thickness (T) was calculated. Effective and safe abla-
tion was considered for a DD/T ratio ≤ 1 (only mucosal and submucosal damage). Confocal endomicroscopy was performed 
before and after ablation. A numerical model, using human physical properties, was developed to predict thermal damage.
Results  No full-thickness perforations were detected. On histology, the DD/T ratio at 0.5 J was 0.57 ± 0.21, significantly lower 
when compared to energies ranging from 15 J (a DD/T ratio = 1.2 ± 0.3; p < 0.001) until 30 J (a DD/T ratio = 1.33 ± 0.31; 
p < 0.001). Safe mucosal and submucosal ablations were achieved applying energy between 4 and 12 J, never impairing the 
muscularis propria. Confocal endomicroscopy showed a distorted gland architecture. The predicted damage depth demon-
strated a significant positive linear correlation with the experimental data (Pearson’s r 0.85; 95% CI 0.66–0.94).
Conclusions  Low-power settings achieved effective and safe mucosal and submucosal ablation. The numerical model allowed 
for an accurate prediction of the ablated layers. Confocal endomicroscopy provided real-time thermal damage visualization. 
Further studies on larger animal models are required.

Keywords  Laser ablation · Early gastrointestinal cancer · Confocal endomicroscopy · Preclinical study · Predictive 
numerical model

Endoscopic submucosal dissection (ESD) is an endoluminal 
surgical technique which allows for an “en bloc” removal 
of early gastrointestinal (GI) tumors, irrespective of lesion 
size. Additionally, ESD achieves a globally low R1 rate, 
ranging from 3.6 to 22.7% [1] and a lower recurrence rate 
when compared to endoscopic mucosal resection (EMR) [2, 
3]. For these reasons, ESD is considered a valid alterna-
tive to the conventional surgical approach in the manage-
ment of early GI tumors. However, ESD remains techni-
cally demanding with a significant risk of procedure-related 
early and late complications. In particular, a tumor diameter 
larger than 2 cm, the operator’s experience, and the location 
of the lesions in difficult spots (cardia, duodenal bulb, and 
fundus) are recognized to be predisposing risk factors to 
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adverse post-ESD events [4]. The rate of intraoperative per-
forations varies between 1.2 and 5.2% [5], while its delayed 
manifestation occurs in almost 0.5% of cases [6]. Similarly, 
intraoperative and delayed bleedings are reported in up to 7 
[3] and 15.6% [5], respectively.

Alternative energy-based techniques have been pro-
posed [7–12] to enable a safer and less demanding 
ablation.

Photodynamic therapy (PDT), based on a contactless 
application of a high-energy light source illuminating the 
lesion and the systemic administration of a photosensi-
tizer [e.g., 5-delta-aminolevulinic acid (ALA)], has been 
used for Barrett’s esophagus and early gastric cancer treat-
ment [11, 12]. However, following a PDT treatment of 
tumors, a recurrence rate up to 18% has been reported 
[12]. Additionally, PDT is time-consuming, and the results 
are affected by breathing and peristaltic motions which 
lead to an inconstant targeting of the lesions.

Radiofrequency ablation (RFA) has been successfully 
applied for the treatment of Barrett’s esophagus [9] and, 
more recently, for gastric dysplasia ablation [7]. However, 
currently available radiofrequency devices are set to per-
form superficial ablations, limited to the mucosa.

More recently, a Holmium:YAG (Ho:YAG) laser has 
been applied to treat intramucosal tumors, with positive 
results and no recurrence until 48.6 months of follow-up 
[10]. However, due to the low penetration depth (2140 nm 
wavelength), the application of this laser source could be 
limited to superficial lesions.

The Nd:YAG laser has a deeper tissue penetration 
(1064 nm wavelength), which would allow for an effec-
tive ablation of deeper layers, beyond the mucosa [13]. 
However, some disappointing results have been reported 
[14–18], including high perforation rates until 7%, in the 
treatment of esophageal cancer [19]. This could mainly 
be due to the lack of appropriate determination of optimal 
laser settings allowing for targeted layer ablation. Addi-
tionally, in order to effectively replace ESD, the energy 
source should be modular and patient-specific and directed 
toward ablation down to the submucosa, sparing deeper 
layers. To complete the set of requirements, which would 
allow for a larger adoption of energy-based endoscopic 
submucosal ablation, a real-time information providing a 
signature of a complete treatment would be ideal.

The primary aim of the present experimental study was 
to assess the possibility to achieve a controlled mucosal 
and submucosal ablation, without damaging the muscula-
ris propria layer, by modulating Nd:YAG laser parameters, 
in terms of power and exposure time.

The secondary aim was to develop a predictive numeri-
cal model to simulate the thermal damage that would be 
induced on human tissues by specific laser settings.

Materials and methods

This experimental acute study was conducted in 21 male 
Wistar rats (mean weight 522 ± 47 g). Following the ethical 
principle of Reduction, animals were included at the end of a 
different experimental protocol, which received full approval 
from the Institutional Ethical Committee (Acronym HAM-
MER; Protocol No. 38.2015.01.073) and from the French 
Ministry of Superior Education and Research (Protocol No. 
APAFiS#2834). All animals used in the experimental labo-
ratory were managed according to French laws for animal 
use and care and according to the directives of the European 
Community Council (2010/63/EU) with respect to the 3R 
principles (Replacement, Reduction, and Refinement). Anes-
thesia was maintained with 3% isoflurane. Animals were 
humanely killed at the end of the procedure.

Laser settings

A Nd:YAG laser system emitting near-infrared light (wave-
length of 1064 nm) in a continuous way was used. The laser 
light is delivered from the tip (emitting surface of 0.28 mm2) 
of an optical fiber applicator (300 µm-diameter), which is 
directly applied onto the treatment site.

Preliminary in vivo tests in six Wistar rats [20] led to the 
selection of adequate laser settings: at 3 W, independently 
of the duration of the application, and at 2.5 W applied for 
13 s, a macroscopic full-thickness perforation of the stom-
ach was detected, whereas no perforation was noted macro-
scopically for treatment at P = 2.5 W lasting 12 s. As a result, 
laser ablation treatments were performed at P ≤ 2.5 W and 
t ≤ 12 s, aiming to obtain ablation confined to mucosal and 
submucosal layers.

Five different power (P) values (0.5, 1.0, 1.5, 2.0, and 
2.5 W) were chosen, and each was applied for seven dif-
ferent time (t) settings (1, 2, 4, 6, 8, 10, and 12 s). Each 
combination of P and t was repeated in six different animals, 
in order to consider the variation of gastric wall thickness 
among rats. Hence, six different types of laser damage were 
obtained for each P and t combinations.

Surgical procedure and real‑time confocal 
endomicroscopy

Through a laparotomy approach, the stomach was exposed 
and opened longitudinally along the greater curvature, and 
the anterior and the posterior walls were exposed. Morpho-
logically, the stomach of rats is divided into two regions: 
the forestomach, which corresponds to the upper portion 
and characterized by squamous epithelium, and the glan-
dular stomach, which corresponds to the lower portion and 
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composed mainly of a cytological architecture similar to the 
human stomach. Due to this similarity, only the glandular 
stomach was considered for the study. Only the glandular 
stomach was considered for the study.

A total of 10 spots (5 on the anterior and 5 on the pos-
terior wall) were randomly chosen for ablation (Total 210 
spots).

For each selected treatment site, a histological real-time 
evaluation was obtained before laser ablation using a confo-
cal endomicroscopy system (Cellvizio, Mauna Kea Tech-
nology, Paris, France). To obtain confocal images, 1 mL 
sodium fluorescein (Fluocyne 10%, SERB Laboratories) 
was injected into the spleen at the beginning of each surgi-
cal procedure. The probe used to image the gastric wall and 
to record a video was the Gastroflex UHD (240 µm-diameter 

FoV, 1  µm resolution, 55–65  µm confocal depth). The 
elapsed time between two consecutive endomicroscopies 
on the same treatment site was always less than 1 min.

The applicator tip of the laser was then applied onto the 
mucosal surface of each of these chosen spots at the dif-
ferent settings previously reported (Fig. 1). After ablation, 
a second endomicroscopy analysis was performed on the 
ablated areas, in order to draw a comparison between the 
histopathological results of each specimen and the endomi-
croscopy analysis.

Histopathological analysis

The ablated spots were subsequently excised with at least 
0.5 cm of normal tissue for the histopathological analysis. 
All samples were first fixed in formalin and subsequently 
embedded in paraffin blocks. Figure 2 shows the details of 
the histology and of the samples selection. Each sample was 
cut into 5 µm slices. For each sample, a total of 25 slices 
were obtained with an interval of 50 µm for every 5 slices 
selected, with a total of 5250 slices obtained corresponding 
to a total of 1050 slides prepared (5 slices for each slide). 
The assumed center of the ablation (evaluated macroscopi-
cally) was considered to be the starting point in the first 
5-slice sampling. All slides were then stained with hema-
toxilin and eosin (H&E). The histological analysis to evalu-
ate the ablation damage was made using a light microscope 
(Zeiss Axiophot). The AxioVision Rel. 4.8 image analysis 
software was used to acquire pictures of slices at a fivefold 
enlargement. Only the deepest ablation damage detected for 
each slide was selected for picture analysis, with a total of 
1050 pictures obtained. For each slice, two measurements 
were taken, i.e., damaged depth (DD) and total depth (TD). 
Total depth was defined as the sum of mucosal (M) and 
submucosal (SM) layers (Fig. 2A).

Additionally, in order to assess laser damage severity, 
an index (DD/T ratio) was defined as the ratio between the 

Fig. 1   Experimental setting. Exposure of the gastric wall of the rats. 
Laser ablation was performed on ten randomly chosen spots. Zoom 
on the ablation spots

Fig. 2   Histological evaluation of laser ablation. A Gastric wall (hematoxilin–eosin; 5 ×): DD damage depth; TD total depth, from M to SM. B 
Selection process of the histological slice to include in the study
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damage depth over the mucosa and the submucosa thickness, 
as expressed in Eq. 1:

A value of DD/T ratio < 1 indicated an ablation damage 
limited to the M or M and partial SM (depending on the 
specific DD/T ratio value) without muscularis propria (MP) 
impairment; DD/T ratio = 1 indicated the total ablation of 
both M and SM without MP impairment; DD/T ratio > 1 
indicated an ablation involving the MP either partially, or 
completely.

On histological sections, damage was classified con-
sidering the involved layer: complete (M) and partial (Mp) 
mucosal ablation, complete (SM) and partial (SMp) submu-
cosal ablation, and complete (MP) and partial (MPp) mus-
cularis propria ablation.

In order to evaluate the maximum DD of laser light into 
the gastric wall for each sample, only the measurement 
related to the slice with the higher DD/T ratio was included. 
Consequently, the section with the highest DD was selected 
while it was noted that TD did not vary significantly among 
the five sections (Fig. 2B). As a result, for each laser setting, 
the mean values of DD/T ratio were calculated and used to 
perform the statistical analysis (i.e., for P = 2.5 W applied for 
12 s, a total of 6 DD/T ratio values were obtained. The mean 
value of these 6 Rs was calculated and used for analysis).

Data analysis

Continuous variables were reported as mean ± standard devi-
ation (SD) and categorical variables as numbers and percent-
ages unless specified otherwise. Ordinal qualitative variables 
and quantitative variables were compared with a Wilcoxon 
rank-sum test. A paired comparison of qualitative variables 
was performed with a Fisher’s exact test or Chi-square tests. 
Correlations between laser settings and DD/T ratio were per-
formed using a Pearson correlation coefficient (Pearson’s r). 
A regression analysis was performed with the linear regres-
sion method if a correlation was found. All reported p values 
are two-tailed, and a p value < 0.05 was required to conclude 
statistical significance. SPSS software, version 20.0 (IBM-
SPSS, Chicago IL), was used for the analysis.

Numerical modeling

Laser–tissue interactions lead to a temperature increase in 
the target and in the surrounding area [21]. In the field of 
thermal ablation therapies, numerical models are often used 
to simulate the heating in the target, at different therapy set-
tings (e.g., power and delivery time). The simulations allow 
better understanding the potential thermal damage induced 

(1)Ratio =

DD

TD
=

{

no damage to MP, R ⩽ 1

damage to MP, R > 1
.

by the source, and also transferring the same therapeutic 
framework to different tissues and models. This last step 
can be performed by changing both the geometry of the tar-
get organ, and its physical properties, which describe the 
behavior of the tissue with respect to the energy source. 
In this study, a numerical model was built to simulate the 
potential thermal outcome of Nd:YAG laser on the human 
gastric wall. The simulations included blood perfusion and 
metabolic activities, and the different human gastric layers 
have been characterized by corresponding optical absorption 
properties [21]. The numerical model relies on the descrip-
tion of the laser–tissue interaction and on the consequent 
heat transfer in biological tissues (described by the Pennes’ 
Equation) [22]. The outcome of the numerical model is the 
temperature distribution resulting in the human gastric wall 
undergoing laser ablation. The simulations were performed 
considering power and time settings used for animal experi-
ments and were implemented on the commercial Comsol 
Multiphysics software.

Results

At both macroscopic and microscopic evaluations, none 
of the samples reported any full-thickness perforation. 
The thermal effect involved different layers, with different 
severities, namely/and notably ablation spread from Mp to 
complete MP impairment. The different degrees of damage 
are reported in Fig. 3a.

The relationship between DD/T ratio and E (J) is well 
represented using a linear model with a positive trend: 
an increased damage depth per higher E applications is 
observed (Fig. 3B). The appropriate agreement between the 
linear model and the experimental data is confirmed by the 
high value of the correlation coefficient (p = 0.0001; DD/T 
ratio = 0.838 [CI 95% 0.72–0.89]).

For E < 4 J, the mean value of DD/T ratio was always 
lower than 0.85, subsequently causing only a partial mucosal 
layer impairment. For E ≥ 15 J, the mean value of DD/T ratio 
was higher than 1, leading to an MP impairment. In fact, the 
higher DD/T ratio value (i.e., 1.33 ± 0.31) was achieved at 
E = 30J.

The best results were obtained for E values comprised 
between 4 and 12 J, where DD/T ratio was higher than 0.9, 
thereby entailing M and SM ablation.

Mathematical prediction

The predictions provided by the numerical simula-
tion of laser ablation applied to human gastric wall are 
shown in Fig. 4A. The predictive model of damage depth 
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Fig. 3   Histology showing various degrees of laser ablation and corre-
lation with the energy applied. A Normal structure (I): partial M abla-
tion (II), M and complete SM ablation (III), and complete ablation of 

M, SM, and MP (IV). B Correlation between mean DD/T ratio values 
and the applied energy (E [J]). Experimental data (black dots) and the 
best fitting line (continuous black line) are shown

Fig. 4   Numerical predictive model of ablation. A Temperature distri-
bution obtained from the numerical simulation on human gastric wall 
at some P (0.5, 1.5, 2.5  W) and t (1 and 12  s) settings used for in 
vivo experiments. B Correlation between DD/T ratio values and the 
applied energy (E [J]). Experimental data (black dots) and the best fit-
ting line (continuous black line) are shown. The theoretical tempera-
ture distribution induced by thermal treatment is shown for P = 0.5, 
1.5, and 2.5 W, after 1 and 12 s of ablation. Also in this case, no full-
thickness perforation was obtained. The tissue region in contact with 
the laser applicator experiences complete ablation (T > 80 °C) for all 

settings (brown color); nevertheless, the spatial extension of the dam-
age, hence the injured layer, is related to P and t values. For ablation 
performed at P = 0.5 W and t = 1  s, ablation occurs in M while SM 
experiences T < 80 °C, and no dangerous temperature increase is pre-
dicted into MP; at t = 12 s, SM is affected by ablation in the surface 
only. A more severe SM ablation is predicted for P = 1.5 and 2.5 W 
at 1 s, while t = 12 s also entails a significant temperature increase in 
the superficial MP layer. However, the ablation is confined to the SM. 
(Color figure online)
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demonstrated a positive linear correlation with E settings 
(Pearson’s coefficient = 0.868; 95% CI 0.75–0.98), as shown 
in Fig. 4B.

The second step consisted in analyzing the correlation 
between the prediction of the mathematical model and the 
experimental data.

The predicted DD/T ratio data range from 0.22 (for 
E = 0.5 J) to 0.83 (for E = 30 J). Figure 5 shows the linear 
regression between the mean values of the experimental 
DD/T ratio data and the simulated DD/T ratio values. The 
predictive model of damage depth demonstrated a significant 
positive linear correlation with the experimental data (Pear-
son’s coefficient = 0.85; 95% CI 0.66–0.94).

The endomicroscopy system allowed for a real-time abla-
tion damage assessment. Figure 6 shows the microscopic 
confocal images acquired before and after treatment at dif-
ferent P settings.

Discussion

In this experimental study, we developed and tested a predic-
tive numerical model applied to laser-based ablation of gas-
trointestinal (GI) lesions. The aim was to develop a model 
to replicate the mechanical effects of an ESD using a laser 
source.

Laser-based ablation for the curative treatment of early 
GI lesions was introduced between the end of the nineteen 
eighties [23] and the beginning of the nineties [14–18], espe-
cially for the treatment of Early Gastric Cancer (EGC), after 
the successful results obtained in the palliative treatment of 

advanced GI lesions [24–26]. In a cohort of 111 patients 
with EGC, Yasuda et al. [18] reported a success rate of 
81%. Similarly, Sibille et al. [14] showed an initial complete 
response in 89% of cases. In addition, at a median follow-up 
of 33 months, 14 out of 18 patients (77.7%) still reported a 
complete tumor response. However, the lesions treated were 
mostly confined in the mucosal layer [14–16, 18]. The appli-
cation on superficial lesions could well substantiate the low 
rate of complications reported (2.9%), mainly in terms of 
bleeding and perforations [15]. On the other hand, the com-
plication rate is much higher when laser ablation is applied 
to locally advanced GI tumors [27, 28], probably because 
of a deeper thermal damage induced and/or different tissue 
properties of infiltrating tumors. The optimal laser settings 
remain to be determined since there is a large inhomogene-
ity in terms of power and application time in the published 
series. Tajiri et al. [15] analyzed the impact of a P ranging 
from 40 to 60 W applied for 0.5 s through a contactless 
probe, or 15–30 W for 1–2 s through a contact probe, in a 
cohort of 1158 patients. The authors have reported a 20% 
recurrence rate at 1 year. Tani et al. [16] applied the Nd:YAG 
laser with a contactless probe with a 1320 nm wavelength in 
addition to the conventional 1064 nm wavelength.

To the best of our knowledge, there were no attempts to 
consider energy-based ablations as therapeutic strategies for 
lesions invading the submucosal layer. One of the possible 
reasons for overlooking this potential application could lie 
in damage depth unpredictability following the use of the 
energy source and in the lack of feedback regarding abla-
tion completeness. We previously reported some prelimi-
nary experimental data about the possibility to perform a 
theranostic treatment of GI lesions via the application of 
endoluminal high-intensity focused ultrasound (HIFU) [8]. 
In that setting, we took advantage of the HIFU’s inability to 
penetrate through air. A submucosal injection of air could 
well create a long-lasting lifting and an effective protective 
cushion. HIFU could yield an effective ablation down to the 
submucosa and no perforations occurred.

When the energy used is a laser, there is no easy way 
to block the progression of energy delivery to the tissues 
and as a result, the possibility to preoperatively obtain 
adequate P and t settings would lead to an optimized abla-
tion therapy, potentially for both mucosal and submucosal 
infiltrating lesions. This approach might extend the prin-
ciple of energy-based removal at submucosal level, while 
sparing the muscularis propria layer. This study was mainly 
aimed to find the P and t application settings suitable to 
induce the desired ablation. Since thermal damage increases 
with applied energy settings, safe M and SM ablations were 
achieved applying E between 4 and 12 J while higher values 
are related to a more frequent MP impairment.

The mathematical model described the thermal out-
come induced by laser ablation onto human gastric wall. 

Fig. 5   Correlation between the predicted and experimental values. 
Correlation between DD/T ratio values as predicted by the math-
ematical model, and experimental DD/T ratio values measured at the 
same E settings. Experimental data (black dots) and the best fitting 
line (continuous black line) are shown
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Fig. 6   Confocal images 
acquired before (A) and after 
(B) laser ablation. In all cases, 
before ablation, a regular shape 
of gastric cells was observed 
(A) while a distortion of the 
architecture and the disap-
pearance of the gland contours 
occurred in case of thermal 
damage, with some phantom 
images of round gastric cells, 
mainly in case of P = 0.5 and 
1.0 W. A complete anatomical 
structure loss was observed 
when ablation was performed at 
P = 1.5, 2.0, and 2.5 W (B)
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This model allowed to take into account the larger thick-
ness of the human gastric layers with respect to the rodents 
and also to consider the optical absorption properties of the 
human gastric wall by using data provided by the litera-
ture [21]. The same laser settings tested on the rodents have 
been implemented in the simulations, aiming to predict the 
thermal effects of those setting in a potential human case. 
P = 0.5 W caused the ablation of MM only after a 1 s treat-
ment and extends to SM for higher t values. In other words, 
when theoretically applied to human stomach gastric tissue, 
the thermal damage was always confined to the SM in all the 
simulated cases (P = 1.5–2.5 W at different t values).

Care should be taken when applying a higher E value, i.e., 
30J (2.5 W for 12 s). Indeed, although the ablation seems 
to remain confined to M and SM layers, a significant tem-
perature increase (about 60 °C) could occur at the surface 
of the MP layer. A temperature around 60 °C is potentially 
dangerous since it can induce irreversible thermal damage, 
even if it generally does not induce tissue vaporization [22].

Simulations are obtained considering the properties of 
the normal gastric wall, and different results could prob-
ably be observed when considering tumor tissue. Tumor 
tissue properties are expected to be different, inducing a 
potential different spread of the thermal damage. Further 
studies are already planned on the application of this same 
ablative technique on animal bearing early GI tumors. The 
preliminary results of this experimental study represent a 
step toward the possibility to select the optimal laser setting 
for a safe and controlled ablative treatment of GI lesions.

Confocal laser endomicroscopy (CLE) is a technology 
providing magnified, high-resolution, real-time, in vivo vir-
tual biopsies of tissues [29–32]. Images are obtained upon 
the administration of a contrast agent and by scanning of the 
tissue with low-power laser light. The light–tissues interac-
tions are captured and analyzed to reconstruct the images. 
Our hypothesis was that CLE could identify the thermal 
damage and was used in this experimental work as a comple-
mentary tool to the conventional histopathological analysis.

CLE could detect significant differences in terms of tis-
sue architecture before and after ablation. In addition, dif-
ferences were also noted in case of different Ps applied. As 
an example, for P = 0.5 W, a gradual passage was noted 
between ablated and normal tissue, with the presence of 
“phantom cells” between the two areas. Conversely, in case 
of a higher P, a prompter delineation was observed between 
ablated and non-ablated zones.

In the framework of laser application to early GI tumors, 
the endomicroscopy system, particularly if coupled with 
the use of fluorescein-labeled cancer-specific antibodies 
[33], would be useful in the evaluation of residual tumor 
cells after laser ablation, assisting in the real-time decision-
making process when it comes to further applications. 
In fact, there is an emerging field defined as molecular 

fluorescence-guided surgery which could provide an opti-
cal signature of complete ablation [34]. In this paradigm, 
targeted fluorophores made of monoclonal antibodies com-
bined with fluorescent molecules can selectively highlight 
tumor tissue. The variation occurring with the fluorescent 
signal after laser treatment could provide information on the 
radicality of the ablation. In other terms, the reduction or the 
disappearing of the fluorescence signal upon laser ablation 
of the tumor area might be a marker of response to the local 
treatment. At our institute of image-guided surgery, a dedi-
cated research unit was created to develop molecular fluores-
cence-guided treatments (IHU-SPECTRA, Integrated HUb 
for shining perioperative endoscopic theranostics). A large 
research project (ELIOS), funded by the French Research 
Foundation against Cancer (ARC Foundation), is underway 
to test diagnostic properties of targeted fluorophores in the 
clinical setting. Additionally, comparative studies between 
different forms of energy to achieve endoscopic submucosal 
ablations, including laser, HIFU, and RF, are planned, in the 
large animal model.

Conclusion

Low-power laser settings achieved an effective and safe 
mucosal and submucosal ablation. The numerical model 
developed helped to accurately predict the ablated layers. 
Confocal endomicroscopy provided a real-time visualiza-
tion of thermal damage. Further studies geared to test the 
selected settings in a large animal model (e.g., swine) and 
in a rodent model with early GI tumors will lead to the 
definition of the appropriate modality for potential clinical 
applications.
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