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ABSTRACT
Background: Although esophageal mucosal autograft prevents esophageal stricture after widespread endoscopic submucosal dissec-
tion and has been reported as a new technique, it is relatively unproven in clinical practice. This prospective study was conducted to 
evaluate our experience using esophageal mucosal autograft to prevent strictures after widespread endoscopic submucosal dissection 
in patients with widespread superficial esophageal lesions.
Methods: Between October 2017 and June 2018, 15 patients with widespread superficial esophageal lesions were consecutively treated 
with widespread endoscopic submucosal dissection and then underwent esophageal mucosal autograft. The main outcomes measured 
included esophageal epithelialization and esophageal stricture.
Results: The median longitudinal diameter of the widespread superficial esophageal lesions was 5.2 cm. All 15 patients were success-
fully treated with widespread endoscopic submucosal dissection and esophageal mucosal autograft, and the median procedural time 
was 182 minutes. During follow-up (median, 23 months), esophageal epithelialization was found in 13 patients (86.7%), and 7 patients 
experienced esophageal stricture (46.7%). In those 7 patients, the esophageal strictures were successfully relieved after endoscopic bal-
loon dilation or endoscopic radial incision. No complications related to endoscopic balloon dilation/endoscopic radial incision occurred. 
Additionally, local recurrence was found in 1 patient with poorly differentiated squamous cell carcinoma, and further surgical resection 
was performed.
Conclusions: Esophageal mucosal autograft appears to be an efficient approach to reconstructing local esophageal epithelium and 
might have a potential role in preventing esophageal stricture after widespread endoscopic submucosal dissection. However, as a new 
technique, it needs more improvement to enhance its role in preventing esophageal stricture after widespread endoscopic submucosal 
dissection.
Keywords: Endoscopic submucosal dissection, esophageal mucosal autograft, esophageal stricture, superficial esophageal lesion

INTRODUCTION
Esophageal stricture is a frequently experienced com-
plication following esophageal endoscopic submucosal 
dissection (ESD) and can be either simple or complex.1,2 
Simple strictures are short (<2 cm), focal, and permit a 
standard endoscope passage. Complex structures are 
long (≥2 cm), irregular, angulated, and do not permit a 
standard endoscope passage.2 Usually, esophageal stric-
tures that occur after widespread ESD (wESD) are com-
plex and can cause persistent nausea, vomiting, and 
dysphagia, thus reducing the quality of life.3,4 Therefore, 

intervention is required to prevent esophageal stricture 
after wESD. 

Several approaches have been reported to prevent 
esophageal stricture after wESD, including steroid ther-
apy,5 esophageal stent placement,6 and autologous cell 
transplantation.7 However, all these approaches have 
limitations that restrict their further clinical application. 
In 2014, Hochberger  et  al. indicated that gastric muco-
sal autograft might have a potential role in prevent-
ing esophageal stricture after esophageal wESD,8 and 
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another study using autologous esophageal mucosa to 
treat 9 patients after wESD reported a very high rate of 
esophageal stricture (8/9, 88.9%), even though the graft 
survival rate was 96.5%.4 Therefore, further improvement 
in the use of mucosal autograft is needed for the treat-
ment of patients with esophageal wESD. We describe 
our experience using esophageal mucosal autograft to 
prevent stricture in patients with widespread superficial 
esophageal lesions after wESD.

MATERIALS AND METHODS
Study Population
This study adhered to the Declaration of Helsinki and 
received approval from the Ethical Committee of Taizhou 
Hospital of Zhejiang Province (Linhai, China). The wide-
spread superficial esophageal lesion was defined as the 
extent of the lesion being >75% of the esophageal cir-
cumference. The inclusion criteria of this study were: (1) 
the lesion was histologically diagnosed as esophageal can-
cer or high-grade intraepithelial neoplasia (HGIN); (2) the 
extent of the lesion was >75% of the circumference of the 
esophagus, and invasion did not reach the muscularis pro-
pria layer; (3) no evidence of lymph node or distant metas-
tasis detected by computed tomography or endoscopic 
ultrasonography (EUS); and (4) no blood coagulation dis-
orders (international normalized ratio > 2.0, platelet count  

< 70 000/mm3), and the patient could tolerate anesthesia 
with tracheal intubation.

Between October 2017 and June 2018, 15 consecutive 
patients with widespread superficial esophageal lesions 
were prospectively enrolled. Before starting the study, all 
included patients signed an informed consent form after 
detailed verbal and written explanations regarding wESD, 
esophageal mucosal autograft, and other potential forms 
of treatment. Furthermore, we communicated to every 
patient that endoscopic balloon dilation (EBD) or surgery 
might be required if severe esophageal stricture occurred 
after wESD and esophageal mucosal autograft.

wESD Procedure
We performed wESD via a submucosal tunnel to resect 
the lesion as follows (Figure 1)6: (1) We first evaluated the 
lesion using white-light endoscopy (Q-260 J; Olympus, 
Tokyo, Japan) and narrow-band imaging, and then we 
used iodine staining with 2% Lugol’s solution to stain 
the entire esophagus and determine the extent of the 
lesion, which was the area of Lugol-negative staining. (2) 
A high-frequency electronic cutting device (VIO 200D; 
ERBE, Tübingen, Germany) was set to the forced coag-
ulation mode (effect 2 and output 40 W), and we made 
marks about 5 mm outside the margin of the lesion with 

Figure 1.  (A) Endoscopy showing a Lugol’s-negative circumferential superficial esophageal lesion. (B, C) The lesion was resected by cESD 
via a submucosal tunnel. (D) The resection specimen is shown spanning the length of a 5-ml syringe. (E, F) The esophageal patch was 

resected from the patient’s own normal esophagus mucosal tissue. (G) The esophageal patch was fixed to the denuded muscular 
esophageal wall circumferentially with 2 clips. (H) The esophageal patches were fixed with a retrievable, fully covered metal stent. cESD, 

circumferential endoscopic submucosal dissection.
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a hybrid knife (ERBE). (3) Several milliliters of a solution 
(100 mL saline + 2 mL indigo carmine + 1 mL epinephrine) 
were injected at the lesion’s anal margin, and a circular 
mucosal resection was made outside the markings in the 
ENDO CUT Q mode (effect 3, duration 3, and interval 2). 
During submucosal tunnel creation, care was taken to 
avoid excessive mucosal separation. (4) In the present 
study, double-tunnel dissection was used to resect the 
widespread esophageal lesion, as previously described.6

Esophageal Mucosal Autograft Procedure
An esophageal patch was resected with multiband 
mucosectomy (Duette; Cook Medical) in the ENDO CUT 
Q mode (effect 3, duration 3, and interval 2) from the 
patient’s own healthy esophageal mucosal tissue, which 
was the area of Lugol-negative staining. Submucosal 
injection solution was not required during multiband 
mucosectomy. At least 0.5 cm of esophageal mucosa was 
retained between the edges of 2 mucosal defects where 
the esophageal patches were resected. The esophageal 
patch diameter was ≈ 1.0 cm, and every esophageal patch 
was fixed to the denuded muscular esophageal wall cir-
cumferentially by 2 clips, with each mucosal patch spaced 
0.5 cm vertically away from the others. Next, the esopha-
geal patches were fixed in place with a retrievable, fully 
covered metal stent (Sigma, China), the length of which 
exceeded the length of the mucosal defect by 4 cm so 
that the stent extended past both the proximal and distal 
borders of the mucosal defect by roughly 2 cm. The stent 
was removed 1 week after the procedure.

Postoperative Management
After the procedure, all patients were routinely examined 
by chest X-ray and/or CT scan to determine if subcutane-
ous emphysema, pneumoperitoneum, or pneumothorax 
had developed. If there were no serious complications or 
adverse events, the patient underwent a fasting period 
for 1 day postoperatively and then maintained a liquid 
diet for 2 days. After that, the patient was administered 
a no-residue diet. Intravenous infusion of esomeprazole 
was administered during the patient’s hospital stay and 
taken orally for 6-8 weeks afterward.

Histopathological Evaluation
Two pathologists performed histopathological evalua-
tion after the procedure. Based on the Paris endoscopic 
classification of superficial neoplastic lesions, the lesion 
was classified as type IIa, IIb, or IIc according to the bump 
height and concavity depth of the lesion. The bump 
height and concavity depth of the lesion were assessed by 

comparing the thickness of biopsy forceps.9 According to 
the 2007 guidelines of the Japanese Esophageal Society, 
the lesion was classified as M1, M2, M3, or SM1 according 
to the invasion depth, which was evaluated by 2 pathol-
ogy experts.10 Then, the lesion was also diagnosed as 
intraepithelial neoplasia, or well-differentiated, moder-
ately differentiated, or poorly differentiated squamous cell 
carcinoma (SCC) according to the pathological diagnos-
tic criteria of the World Health Organization.10 Complete 
resection was considered to have been achieved when the 
tumor was resected en bloc with tumor-free lateral and 
basal margins,6 and esophageal stricture was defined as 
being the inability to insert a standard endoscope (11 mm 
diameter).3

Follow-up and Esophageal Stricture Management
Patients were routinely followed up with white-light 
endoscopy and narrow-band imaging at 1, 2, 6, and  
12 months, and annually after that. An endoscopic exam-
ination was also immediately performed if the patient 
developed dysphagia with ingestion of solids during the 
follow-up. In this study, EBD or endoscopic radial inci-
sion (ERI) was performed in case of a patient develop-
ing esophageal stricture after the procedure. EBD was 
performed with a dilating balloon (CRE Balloon dilator, 
Boston Scientific, Marlborough, Mass, USA).

RESULTS
Clinical Characteristics
In this study, 15 patients (female 5; male 10) with wide-
spread superficial esophageal lesions underwent wESD 
and esophageal mucosal autograft. The patients had a 
median age of 68 years (range, 59-82 years). Before the 
procedure, 7 patients had digestive symptoms, including 
4 with epigastric pain, 2 with heartburn, and 1 with dif-
ficulty in swallowing. The other 8 patients had no specific 
symptoms or signs.

Of the 15 lesions, 8 lesions were detected in the lower 
esophagus, 4 in the middle-lower esophagus, and 3 in 
the middle esophagus. Based on the Paris endoscopic 
classification, 5 lesions were classified as type IIa, 9 were 
type IIb, and 1 was type IIc. Chromoendoscopy examina-
tion showed that the extent was 100% in 8 lesions. The 
lesions’ median longitudinal diameter was 5.2 cm (range, 
4.3-7.0 cm; interquartile range, 4.7-6.2 cm).

Treatment Outcomes and Complications
The details of treatment outcomes and related compli-
cations are summarized in Table 1. All 15 lesions were 
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successfully and completely resected by wESD, with a 
median procedural time of 182 minutes (range, 142-267 
minutes), measured from the time of the initial mucosal 
incision to the completed placement of the esophageal 
stent. All 15 patients underwent esophageal mucosal 
autograft successfully, and the median number of muco-
sal patches was 4 (range, 3-6 patches). During hospital-
ization, 1 patient developed acute deep vein thrombosis 
in the left lower extremity but recovered after anticoagu-
lant therapy. Stent migration was identified in 1 patient 
by endoscopy 1 week after the procedure. No patient 
developed anaphylaxis to Lugol’s solution, and no patient 
had other serious adverse events, including death, during 
hospitalization. 

Additional Treatment and Follow-up
Histopathological examination showed that the 15 speci-
mens (M1, 3 cases; M2, 4 cases; M3, 5 cases; and SM1, 
3 cases) each displayed lateral and vertical tumor-free 
margins, and there was complete resection in all patients 
(100%). There were 2 HGIN lesions, 10 well-differentiated 
SCCs, and 3 poorly differentiated SCCs. For the patients 
with poorly differentiated SCC and/or SM1 lesions, fur-
ther surgical resection, radiotherapy, or chemotherapy 
was recommended. However, none of the patients with 
poorly differentiated SCCs and/or SM1 lesions was will-
ing to undergo further surgical resection, radiotherapy, 
or chemotherapy. However, during the follow-up, local 
recurrence was found in 1 patient with poorly differenti-
ated SCC 14 months after the wESD procedure, and this 
patient underwent further surgical resection. The patient 
is still alive, 12 months after surgical resection. 

The median follow-up was 23 months (range, 
14-28 months). Esophageal epithelialization could be 
detected in 13 patients (13/15, 86.7%) by tissue biopsy of 
the wound at 4 weeks after discharge (Figure 2). During 
follow-up, 7 patients developed esophageal stricture 
(7/15, 46.7%). In patients undergoing whole circumferen-
tial ESD and partial circumferential ESD, the esophageal 
stricture rate was 62.5% (5/8) and 28.6% (2/7), respec-
tively. Among the 7 patients with esophageal stricture, 
5 were treated with EBD, and the number of EBDs ranged 
between 2 and 8. The other 2 patients were treated with 
ERI. The strictures in these 7 patients were successfully 
relieved after EBD or ERI, and no complications related 
to EBD/ERI, or adverse events associated with the site 
of mucosal patches occurred during follow-up in any 
patients.

DISCUSSION
ESD is a minimally invasive procedure that is generally 
acknowledged as a treatment for superficial esopha-
geal lesions, such as early esophageal cancer or Barrett’s 
esophagus. Compared with endoscopic mucosal resection 
(EMR), ESD can provide en bloc resection of large lesions, 
more precise histopathological assessment, and lower local 
recurrence rates.11-13 However, the secondary esophageal 
stricture is often unavoidable in patients whose muco-
sal defects are ≥ 75% of the esophageal circumference. 
Several previous studies have proven wESD to be a reliable 
risk factor for postoperative esophageal stricture.3,8

Several approaches have been reported for preventing 
esophageal stricture after esophageal wESD, including 
steroid therapy,5 esophageal stent placement,6 and autol-
ogous cell transplantation.7 Although these approaches 
can effectively prevent esophageal stricture, they restore 
esophageal intraluminal patency rather than recovering 
the esophageal epithelial structure. Furthermore, they 
may also cause adverse effects, which hinder their appli-
cation clinically. The adverse effects of steroid therapy, 
for example, include delayed wound healing, potential 
risk of esophageal perforation, and immune suppression. 
Ishida et al.14 reported a patient with severe disseminated 
nocardiosis during steroid therapy for preventing stric-
ture after esophageal ESD. Esophageal stent therapy has 

Figure 2.  (A, B) The esophageal wound was completely healed with 
no stricture 6 months after the procedure. (C, D) Esophageal 

squamous epithelialization could be found.
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also been associated with some adverse effects, includ-
ing chest pain, stent migration, and the potential risk of 
esophageal perforation.1,6 Autologous cell transplantation 
can significantly decrease inflammation and fibrosis; it is 
time-consuming, expensive, and still mostly in the experi-
mental stage.7,15

Excessive fibrosis and collagen deposition are the main 
tissue characteristics of esophageal strictures. Thus, the 
following factors may in part constitute the main mecha-
nisms of esophageal stricture after wESD1,16: (1) lack of 
esophageal epithelial layer to provide a barrier against 
digestive juices, such as saliva, gastric acid, digestive 
enzymes, and microorganisms; and (2) inflammatory 
reaction of the esophageal wound stimulated by physical 
and chemical factors, such as the use of a high-frequency 
electric surgical knife and/or digestive juices, which could 
result in fibrosis and scar formation, and finally contrib-
ute to esophageal stricture. Thus, reconstruction of local 
esophageal epithelium might be the optimal approach to 
preventing esophageal stricture after wESD.17

In this study, 15 patients with wESD underwent esopha-
geal mucosal autograft. The rate of epithelialization in the 
esophageal wounds was 93.3%. In their recent study that 
used esophageal mucosal autograft to treat 9 patients 
with wESD, Liao  et  al. reported that the esophageal 
mucosal graft’s survival rate was also very high, reaching 
96.5%.4 These results indicate that esophageal mucosal 
autograft might be a feasible method of promoting local 
esophageal re-epithelization. However, the esophageal 
mucosal autograft did not satisfy the purpose of prevent-
ing esophageal stricture after wESD. Liao et al4 reported 
a relatively high esophageal stricture rate (88.9%) after 
using esophageal mucosal autograft to prevent stricture 
after whole circumferential ESD. In our study, the esopha-
geal stricture rate was 62.5% in patients undergoing whole 
circumferential ESD, which was relatively higher com-
pared with patients undergoing partial circumferential 

ESD (28.6%). Therefore, some improvements need to 
be made to enhance the esophageal mucosal autograft’s 
efficacy in preventing esophageal stricture, especially for 
those patients undergoing whole circumferential ESD.

The limitations above notwithstanding, this approach 
has a potential role in reducing the number of dilata-
tion sessions needed. In several previous studies in 
which esophageal mucosal autograft was not used after 
esophageal wESD, patients regularly underwent several 
dozens of EBD sessions over a long period.18 However, in 
a recent study of 9 patients with early esophageal can-
cer treated by wESD, a median of 2.7 EBD dilatations 
(range 0-6) was needed after these patients underwent 
esophageal mucosal autograft.4 In this present study, the 
number of EBDs required in the 7 patients with esopha-
geal stricture ranged between 0 and 8 (median, 2.0 dila-
tations). Thus, the decrease in the number of dilatation 
sessions potentially afforded by esophageal mucosal 
autograft warrants further investigation in a randomized, 
controlled, multicenter study.

As a new technique for preventing esophageal stricture 
after wESD, the esophageal mucosal autograft needs fur-
ther improvement to increase its efficacy in preventing 
strictures. First, the exact size of the mucosal patch needs 
to be verified. In their study, Liao et al4 reported a patch 
size of ≈3 × 10 mm, whereas the size of each patch in the 
present study was ≈10 × 10 mm. Thus, the relationship 
between the size of the mucosal patch and the effect of 
preventing esophageal stricture should be explored more 
extensively in future studies. Second, in a recent study 
using an endoscopic mucosal autograft to treat 3 patients 
with caustic esophageal strictures, He  et  al17 used bio-
logical fibrin glue to fix the graft, achieving a satisfac-
tory result. Therefore, whether biological fibrin glue can 
improve local esophageal re-epithelization also requires 
verification in future studies. Third, wESD with esopha-
geal mucosal autograft is a time-consuming procedure 

Figure 3.  (A) The esophageal stricture after cESD could be observed by endoscopy. (B) ERI was performed to treated the esophageal 
stricture. (C) The esophageal stricture was relieved successfully 6 months after ERI. cESD, circumferential endoscopic submucosal 

dissection; ERI, endoscopic radial incision.
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that might be associated with a higher risk of complica-
tions compared with conventional ESD. Furthermore, 
attention should also be paid to extraesophageal adverse 
events rather than those only affecting the esophagus.

Several limitations of this study must be addressed. First, 
this study had a single-center design, which might have 
contributed to selection bias. Second, our endoscopic 
center is the ESD training center of the Chinese Medical 
Doctors Association, and all procedures were carried out 
by an experienced clinician, Li-Ping Ye, a tutor at the 
training center. The results of this study, therefore, may 
not apply to other endoscopic centers. Thirdly, this study 
did not investigate the difference between EBD and ERI 
for treating esophageal stricture, due to the limitation of 
a small number of patients with esophageal stricture after 
wESD. Fourthly, in this study, a retrievable, fully covered 
metal stent was used for fixing the esophageal patches. 
Although the metal stent was placed for only 8 weeks, 
the effect of preventing esophageal stricture could not 
be ignored completely. Finally, other limitations of small 
sample size and a lack of randomization and control sam-
ples also exist.

In conclusion, esophageal mucosal autograft might prove 
to be an efficient approach to promoting local esopha-
geal re-epithelization, which can form a barrier against 
digestive juices and prevent esophageal stricture after 
wESD. However, as a new technique, it must be subjected 
to further randomized, controlled, and multicenter stud-
ies to confirm its safety and efficacy. Moreover, further 
improvements in the esophageal mucosal autograft must 
be made to enhance its role in preventing esophageal 
stricture after wESD.
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