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INTRODUCTION

Endoscopic submucosal dissection (ESD) was initially developed 
in Japan for the removal of early gastric cancer(1,2). The distinct ad-
vantage of ESD is the ability to perform en bloc resection of lesion 
regardless of size, thereby providing an optimal histopathological 
specimen. Furthermore, ESD has a substantially lower morbidity 
than surgical esophagectomy(3) and provides higher R0 and curative 
resection rates compare to endoscopic mucosal resection (EMR)(4- 15). 
As such, ESD is currently endorsed by the European Society of 
Gastrointestinal Endoscopy (ESGE) and in a recent American 
Gastroenterology Association (AGA) clinical practice update for 
the removal of select superficial esophageal neoplasms(8,9).

Nonetheless, the adoption of ESD in the esophagus, particu-
larly in the West, has been slower due to technical reasons(10-12). 
For example, the esophageal wall is thinner than the stomach and 
the intraluminal space is more restricted, limiting the ability to 
work in retroflexion. Furthermore, scope control can be impaired 
by heartbeat or breathing patterns(13). Given these technical chal-
lenges, steep learning curve and the lower incidence of superficial 
esophageal neoplasms, esophageal ESD is mostly restricted to 
tertiary care centers(10-12,14-18).
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There are two main technical approaches for ESD in the esopha-
gus: conventional ESD via circumferential incision (ESD-C) and 
ESD via tunneling method (ESD-T). With ESD-C, a circumferen-
tial mucosal incision is first completed around the outer margins of 
the lesion followed by submucosal dissection(19). Conversely, with 
ESD-T, two small separate mucosal incisions (distal and proximal 
margins of the lesion) are performed first. The endoscope is then 
inserted into the mucosal incisional opening in the oral side and 
submucosal tunneling is performed deep to the lesion towards the 
caudal side. Theoretically, this technique diminishes the dispersion 
of the submucosal lift during the procedure(11,20). The study aimed 
to compare the performance and clinical outcomes of  ESD-C 
versus ESD-T. 

METHODS

Study design
This is a single-center retrospective study based on prospectively 

collected data on consecutive patients who underwent esopha-
geal ESD between October 2009 and December 2018 at Clinics 
Hospital, Federal University of  Minas Gerais. Indications for 
esophageal ESD were based on the Japan Esophageal Society (JES) 
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and European Society of  Gastrointestinal Endoscopy (ESGE)  
guidelines(9,21). Preoperative staging included high resolution en-
doscopy (HRE) with virtual chromoendoscopy (FICE, Flexible 
Spectral Imaging Colour Enhancement, Fujifilm Japan) and 0.8% 
Lugol staining plus chest computed tomography and endoscopic 
ultrasound for staging (in selected cases). Exclusion criteria were 
advanced tumors or presence of a non-lifting sign. ESD procedures 
were performed by a single endoscopist (Arantes VN), with more 
than 10 years of ESD practice and over 230 operations. 

The main study outcomes were the comparison of  en bloc 
and R0 resection rates between the two techniques. Moreover, 
the following secondary outcomes were assessed: demographic 
data, clinical and pathological characteristics, procedure dura-
tion, curative resection rate, local recurrence, and adverse events. 
Follow-up HRE was scheduled from 3 to 6 months after the ESD, 
and annually thereafter.

Endoscopic Procedure 
In all cases, ESD was carried out under general anesthesia 

utilizing a single-channel therapeutic gastroscope (RD450 Fujifilm 
Co., Japan) fitted with a cone-shaped distal attachment at the tip  
(ST-hood, Fujifilm Co., Japan), Flush Knife ball-tipped 1.5  
(Fujifilm Co., Japan), water-jet pump infusion (JW2; Fujifilm Co., 
Japan) and electrosurgical generator VIO 300D (ERBE, Turbingen, 
Germany). Markings were placed outside tumor borders after 
target lesion assessment with virtual chromoendoscopy and Lugol 
staining in the cases of  squamous cell dysplasia/cancer or 1.5% 
acetic acid chromoendoscopy for patients with Barrett’s related 
neoplasia. The traction method was used for the procedures. 

Endoscopic submucosal dissection with  
circumferential incision (ESD-C)

After a submucosal (SM) injection of 0.4% sodium hyaluronate 
(Adaptis Fresh, Legrand, Brazil), a mucosa incision was initiated 
at the oral margin of the lesion, followed by an incision along with 
one of the lateral margins and next at the caudal margin of the 
tumor, resulting in a configuration of  the character “C”. After-
wards, a partial SM dissection was carried out from an oral-anal 
direction. Thereafter the remaining mucosa at the lateral side of 
the lesion was incised until the entire circumference of the tumor 
was completely opened, creating a mucosa island. After complete 
mucosal incision, further injections of viscous solution were per-
formed followed by oral-anal SM dissection. FIGURES 1 and 2 
illustrate ESD-C technique.

Submucosal tunnel dissection (ESD-T)
ESD-T is first performed with submucosal injection of 0.4% 

sodium hyaluronate at the caudal margin of the lesion, followed by a 
transverse mucosal incision to the deep submucosa creating a groove 
close to the muscular propria to set up for the endoscopic tunnel. The 
same process is repeated at the oral margin of the lesion. Submucosal 
dissection is then performed in the cranial-caudal direction forming a 
tunnel. When the distal incision is reached, the dissection is extended 
laterally on both sides, incising the lateral boundaries of the tumor. 
Repeat injections are performed, and the dissection is expanded on 
each side of the tumor until a complete resection is reached. FIGURE 
3 and 4 illustrate ESD-T technique.

FIGURE 1. Schematic representation of endoscopic submucosal dissection 
with circumferential incision.

FIGURE 2. Illustrative case of endoscopic submucosal dissection with 
circumferential incision (ESD-C). A: A flat-elevated type 0IIA unstained 
lesion in the esophagus. Markings were placed. B: After submucosal injection 
oral mucosal incision is started. C: Semi-circumferential incision addressing 
gravity side is performed with a configuration of “C” character. D: After 
submucosal trimming to some extension, circumferential incision is finished. 
E: Complete tumor resection is achieved. F: Specimen is fixed and stained 
with lugol. Note unstained lesion surrounded by lugol stained margins. G: 
Histology revealed moderately differentiated squamous cell carcinoma with 
shallow invasion of submucosal layer up to 200 micrometers (SM1) with 
free radial and deep margins (R0 resection). H: Histology also disclosed 
positive vascular invasion and tumoral budding. Resection was considered 
non-curative and patient was referred to oncological adjuvant therapy. 
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Definitions
Tumor morphology was described according to Paris clas-

sification(22). The tumor size was estimated in comparison to an 
opened biopsy forceps with 7 mm in size. En bloc resection was 
considered when the endoscopically visible lesion was removed 
in one piece. R0 resection was defined for esophageal squamous 
cell carcinoma (ESSC) when the tumor was resected en bloc 
and both lateral and deep margins were free of  tumor. For BE 
neoplasia, R0 resection was defined as en bloc resection and the 
highest-grade histology not present at the lateral and deep mar-
gins. Tumor location in the esophagus was divided into superior 
third (from superior sphincter to 23 cm from incisors), middle 
third (23 cm to 30 cm from incisors), and inferior third (from 30 
cm to esophago-gastric junction). Luminal extension of  tumor 
resection was also divided according to the endoscopic inspection 
of  the post-ESD defect in less than 50% of  the circumference, 
between 50% and 75%, and over 75% of  the circumference. Re-
currence was defined when a recurrent tumor with histological 
confirmation (low-grade/high-grade dysplasia, squamous cell 
cancer, or adenocarcinoma) at the resection site was observed 
in the follow-up examination. In ESSC, curative resection was 
considered for R0 resection with tumor invasion up to M2 
(lamina propria), without lymphovascular invasion, and in those 
well-differentiated lesions with M3/ SM1 tumor depth (≤200 µm) 
without lymphovascular invasion(9). Curative resection of  BE 
associated lesions, was defined as R0 resection of  any dysplastic 
lesion, and also well or moderately differentiated adenocarci-
noma without lymphatic or vascular invasion and submucosal 
invasion depth up to 500 µm (T1Bsm1)(9). When the criteria for 
curative resection were not achieved, additional therapies such as 
chemotherapy, radiotherapy, or surgery were considered, accord-
ing to tumor characteristics and staging, as well as the patient’s 
performance status and willingness to undergo esophagectomy 
or oncological therapy. Adverse events were defined according to 
the ASGE lexicon(23) when it prevented completion of the planned 
procedure and/or resulted in prolongation of  existing hospital 
stay, another procedure (repeated endoscopy needing sedation/
anesthesia or surgery), or subsequent medical consultation. These 
adverse events included esophageal perforation, delayed bleeding, 
bacteremia, sepsis, pneumothorax or pleural effusions. 

Statistical analysis
A descriptive analysis of data was performed with frequency 

and proportion for categorical and average variables, standard 
deviation, median and mean ±SD for continuous variables. Pear-
son’s chi-square test was used to evaluate the association and a 
comparison of continuous variables, Student’s t-test for variables 
with normal distribution and Mann Whitney’s test for variables 
that do not follow normal distribution were used. Analyzes were 
performed on STATA software (Stata Corporation, College Sta-
tion, Texas) version 12.0, considering a 5% significance level. 

RESULTS

A total of  65 esophageal ESD procedures were performed 
during the study period. The subjects were distributed into two 
groups: ESD-T: 23 interventions carried out from 2009 to 2012 and 
ESD-C: 42 operations executed from 2012 to 2018. The follow-up 
was 101±8.5 months for ESD-T and 36±21.1 months (mean ±SD) 
for ESD-C (P<0.001). TABLE 1 demonstrates that there were no 
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FIGURE 3. Schematic representation of endoscopic submucosal tunnel 
dissection

FIGURE 4. Illustrative case of endoscopic submucosal tunnel dissection 
(ESD-T). A: A flat type 0IIB lesion with redness in the esophagus. B: 

After placing markings and submucosal injection, anal mucosal incision 
is performed to set up tunnel distal limit. C: Oral incision is performed 
to start tunneling. D: Tunneling dissection from oral to anal direction. 
E: Anal incision is reached through the tunnel and a window is opened 
visualizing the lumen. F: Complete tumor resection is achieved. G: Speci-
men is fixed, 3 cm in size. H: Intraepithelial high-grade neoplasia limited 
to M1 with free margins is revealed in histology. Curative R0 resection.
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The depth of  tumor invasion was similar in both groups 
(P=0.745). ESD-T group lesions invaded M1/M2 in 12 (52.2%) 
cases, M3 / SM1 in 9 (39.1%) cases and SM2 in 2 (8.7%) cases. 
ESD-C group presented M1/M2 invasion depth in 21 (50%) 
subjects, M3/SM1 in 12 (28.6%) individuals and SM2 invasion 
in 9 (21.4%) patients. Regarding procedure-related complica-
tions, groups ESD-T versus ESD-C had respectively a bleeding 
rate of  0% and 4.7%, (P=0.53), perforation rate of  4.3% and 
0 % (P=0.610) and esophageal stricture rate of  8.7% and 9.5%, 
(P=0.310). Two patients from the ESD-C group (4.8%) experi-
enced more intense intraoperative bleeding, requiring mechanical 
hemostasis with endoclips. Two patients in the ESD-T group 
(8.7%) and 4 (9.5%) patients in the ESD-C group developed 
strictures that were treated successfully with endoscopic dilation. 
There was one case of esophageal perforation in the ESD-T group 
that did not prevent en bloc excision and was treated conserva-
tively by endoclip closure, intravenous hydration, and antibiotics. 
There was no procedure-related mortality.

DISCUSSION

The optimal ESD approach for the resection of  esophageal 
superficial neoplasia has not been well defined. In this study, we 
demonstrate similar clinical outcomes and safety profiles between 
consecutive patients who underwent either ESD-C or ESD-T. 
There are previous publications regarding ESD-T and ESD-C 
for the treatment of  superficial esophageal neoplasms, however 
studies comparing these two techniques in human studies are 
rare(24,25). In experimental settings, a randomized study in animal 
models demonstrated similar procedure time, en bloc resection, 
and adverse event rates between ESD-C and ESD-T. Notably, the 
study demonstrated that higher-quality deeper margins and thicker 
specimens were obtained with the submucosal tunneling method(25). 
A recent study in humans reported by Li et al. compared short-term 

TABLE 1. Comparative analysis of baseline characteristics.

Characteristics ESD-T ESD-C Total P value

Procedures 23 42 65

Gender 0.317***

   Male 19 (82.6%) 30 (71.4%) 49 (75.4%)

   Female 4 (17.4%) 12 (28.6%) 16 (24.6%)

Age (years old) 
average ±SD

64.6±12.4 64.8±9.8 64.7±10.6 0.947*

Tumor size (mm) 
±SD

28.9±12 35.8±19.9 33.4±17.7 0.380**

Tumor location in the esophagus 0.165*

   Superior third 1 (4.3%) 6 (14.3%) 7 (10.8%)

   Middle third 8 (34.8%) 20 (47.6%) 28 (43.1%)

   Inferior third 14 (60.9%) 16 (38.1%) 30 (46.2%)

Paris classification 0.773*

   Elevated 0-IIa 4 (17.4%) 12 (28.6%) 16 (24.6%)

   Flat 0-IIb 15 (65.2%) 24 (57.1%) 39 (60.0%)

Depressed 
0-IIc

3 (13%) 5 (11.9%) 8 (12.3%)

   Mixed types 1 (4.3%) 1 (2.4%) 2 (3.1%)

Circumferential extension 0.147*

   <50% 14 (60.9%) 15 (35.7%) 29 (44,6%)

   ≥50% <75% 5 (21.7%) 16 (38.1%) 21 (32.3%)

   ≥75% 4 (17.4%) 11 (26.2%) 15 (23.1%)

Lesion type 0.129*

   ESCC 17 (73.9%) 23 (54.8%) 40 (61.5%)

   BE-associated 
neoplasia

6 (26.1%) 19 (45.2%) 25 (38.5%)

ESD-T: endoscopic submucosal dissection tunneling; SD: standard deviation; BE: Barrett’s 

esophagus; SCC: squamous cell carcinoma. *Chi square test. **Mann Whitney test. ***T-

-Student test.

significant differences in gender, age, tumor size, tumor location, 
Paris classification, and luminal extension between both groups. 
Histological assessment from ESD-T specimens revealed ESCC 
in 17 (73.9%) lesions and dysplasia or adenocarcinoma associated 
with Barrett’s esophagus in 6 (26.1%) subjects. The ESD-C group’s 
histological assessment demonstrated that 23 (54.8%) lesions were 
ESCC and 19 (45.2%) tumors were dysplasia or adenocarcinoma 
associated with BE. No statistical difference was noted between 
the histological assessment of both groups (P=0.129). In a total 
of 25 lesions with Barrett’s esophagus, 18 (72%) were high-grade 
dysplasia and 7 (28%) were adenocarcinoma.

TABLE 2 presents clinical outcomes of  ESD procedures 
demonstrating no statistically significant difference between the 
two groups. En bloc resection rate, R0 resection rate and curative 
resection rate for ESD-T and ESD-C were respectively: 91.3% vs 
100% (P=0.122), 65.2% vs 78.6% (P=0.241) and 65.2% vs 73.8% 
(P=0.466). In relation to procedure duration, ESD-T lasted 
118.7±50.8 minutes from marking the lesion to final resection and 
ESD-C 102.4±40.4 minutes (mean ±SD) (P=0.351). Local tumor 
recurrence occurred in 8.7% treated with the tunneling technique 
and 2.4% with the conventional technique (P=0.284).

TABLE 2. Comparative analysis of ESD outcomes.

Characteristic ESD-T ESD-C Total P value

Curative 
resection

15 (65.2%) 31 (73.8%) 46 (70.8%) 0.466*

R0 resection 15 (65.2%) 33 (78.6%) 48 (73.8%) 0.241*

En bloc 
resection

21 (91.3%) 42 (100%) 63 (96.9%) 0.122**

Procedure time 
(min) ±SD

118.7±50.8 102.4±40.4 108±44.6 0.351***

Recurrence 2 (8.7%) 1 (2.4%) 3 (4.6%) 0.284**

Tumor invasion depth 0.745*

   M1/M2 12 (52.2%) 21 (50%) 33 (50.7%)

   M3/SM1 9 (39.1%) 12 (28.6%) 21 (32.3%)

   SM2/SM3 2 (8.7%) 9 (21.4%) 11 (16.9%)

Procedure-related complications

   Bleeding 0 2 (4.8%) 2 (3.0%) 0.536**

   Perforation 1 (4.3%) 0 1 (1.5%) 0.610**

   Stenosis 2 (8.7%) 4 (9.5%) 6 (9.2%) 0.310*

ESD-T: endoscopic submucosal dissection tunneling. *Chi square test. **Fisher test. ***Mann 

Whitney test. 
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outcomes of ESD-C versus ESD-T dissection techniques for treat-
ing early ESCC in a total of 40 patients. The authors reported that 
ESD-T had a shorter dissection time (P=0.047), but no difference 
was noted regarding the en bloc resection rate and R0 resection 
rate. Moreover, there was no significant difference in adverse events 
such as perforation, bleeding, or stenosis(24). 

The study included a predominantly male elderly population 
(74.5%), with a median tumor size of 30 mm, located mostly in the 
middle and lower thirds of the esophagus (89.3%) and classified 
as type 0-IIb of Paris in 60% of the cases. Regarding histological 
type, 61.5% were SCC and 38.5% dysplasia/adenocarcinoma type 
associated with BE. The higher proportion of SCC in this study 
is probably due to an ongoing screening program for esophageal 
early tumors in patients with head and neck cancer(26).

In expert hands in Asian countries ESD has shown excel-
lent results in the management of  ESSC: en bloc resection rate 
around 83–100%, R0 resection between 78–100%, and a local 
recurrence rate of  0–2.6%(1,2,4,8,10). Results reported for Barrett’s 
esophageal-associated lesions range from 90% to 100% of en bloc 
resection, R0 resections from 64% to 85%, curative resections of 
early adenocarcinoma between 48% and 96%(15,27-29). A recently 
published meta-analysis by Yang et al.(30) assessing BE-associated 
ESD showed the following results: en bloc resection rate 92.9% 
(95%CI, 90.3%–95.2%), R0 resection 74.5% (95%CI 66.3%–81.9%) 
and curative resection 64.9% (95%CI 55.7%–73.6%). The rates of 
perforation, bleeding and stenosis were 1.5% (95%CI, 0.4%–3.0%), 
1.7% (95%CI, 0.6%–3.4%) and 11.6% (95%CI, 0.9%–29.6%) re-
spectively. During an average follow up of 22.9 months (95%CI, 
17.5–28.3) the incidence of recurrent lesions was 0.17% (95%CI, 
0%–3%). The average procedure time was 107.5 minutes(30). The 
results presented in our series are comparable to the clinical out-
come reported by Asiatic expert centers and the recently published 
meta-analysis. Moreover, when we analyze all patients that entered 
the study (including ESCC and BE-associated lesions) an en bloc 
resection rate of 96.9%, R0 resection rate of 73.8% and curative 
resection rate of 70.8% was achieved.

The most common adverse effects of ESD are bleeding, per-
foration, and stenosis. The management of these complications is 
technically more difficult in the esophagus(15). In the present series, 
two patients (3%) had major intraoperative bleeding, requiring 
endoscopic approach with mechanical hemostasis with clips. 
Bleeding can also be observed at a rate that ranges from 0–22.8% 
of procedures(9,15,18). We experienced one esophageal perforation 
(1.5%) treated successfully by clips without impairing ESD resec-
tion. In Japanese expert centers esophageal perforation rate has 
been reported in up to 2% of the ESD cases(15,18,29). Esophageal stric-
ture may occur in 10% to 20% of patients undergoing esophageal 
ESD(15). In our series, a total of six patients developed post-ESD 
stricture (9.2%) with similar rates between the two groups. In all 
cases the resection site was greater than three quarters of circum-
ference and were managed by dilation.

The change from the tunneling method to circumferential 
incision approach during esophageal ESD at our center occurred 
due to the additional training that the operator received in Japan 
in 2012. After this education, the adoption of  the tunneling tech-
nique was implemented. ESD-T was carried out in our institution 
between 2009 and 2012 but can be considered as an emerging 
technique. Mastery of  the technique is important as the use of 
the submucosal space for tunnel dissection has been proven to 
be effective for the treatment of  large and even circumferential 

superficial lesions of  the esophagus, peroral endoscopic myotomy 
(POEM), resection of  subepithelial tumors and perhaps in the 
near future will enable interventions outside the gastrointestinal 
tract, including lymph node resection and removal of  benign 
tumors in the mediastinum or abdominal cavity(31-33). Modifica-
tions to ESD-T, including the performance of  more than one 
submucosal tunnel have been described for more extensive and 
circumferential lesions(34-37). Some studies suggest that ESD-T 
may have a higher operation efficacy compared to ESD-C in 
the treatment of  extensive esophageal superficial neoplasms(32), 
albeit we did not find differences in outcomes between these two 
techniques in our analysis. 

This study is one of the largest series analyzed in the treatment 
of superficial esophageal neoplasms in Latin American countries, 
comparing two different esophageal ESD techniques. Neverthe-
less, this report is not without limitations. This is a single-center 
study based on retrospective data. A single operator with extensive 
training in the technique performed all procedures, which limits 
the generalizability of these results. It is not possible to rule out 
the learning curve effect on the analysis of clinical outcomes, espe-
cially in ESD-C, since from 2012 to the present, this has been the 
technique adopted in our center. Finally, the number of patients 
included in this series is relatively small and includes both patients 
with ESCC and Barrett’s esophagus associated lesions. Hence, 
the small sample size and heterogeneous lesion types may have 
precluded the detection of potentially meaningful differences in 
outcomes. Therefore, the lack of a statistically significant difference 
may not necessarily exclude the possibility of  clinically relevant 
differences. Future larger prospective comparative trials are needed 
to further corroborate our findings. 

In conclusion, ESD performed via the tunneling method or via 
the conventional approach demonstrated to be equally feasible and 
safe in the treatment of  superficial esophageal neoplasms. Both 
techniques had high rates of en bloc resection, R0 resection, and 
curative resections, and minimal adverse events. The choice of 
one technique over the other may be defined at the discretion of 
the endoscopist according to his or her experience and preference.
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