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ferential Barrett’s esophageal dysplasia and carcinoma:
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The incidence of neoplasia developing in long-segment Bar-
rett’s esophagus (LSBE) has recently been gradually increasing
in Japan. These neoplastic lesions are sometimes detected as
circumferential lesions. However, if such lesions are removed
with circumferential en bloc resection by endoscopic submuco-
sal dissection (ESD), severe postoperative stenosis is inevitable.
Therefore, we performed stepwise ESD in three patients with
circumferential LSBE dysplasia or intramucosal carcinoma. The
entire Barrett’s neoplasia was successfully resected in all three
patients. No adverse events such as posterior bleeding or per-
foration were observed. Only one patient experienced mild
postoperative stenosis, which was resolved with a single bal-
loon dilation. The pathological diagnosis of the lesions was
high-grade dysplasia or intramucosal carcinoma. No recurrence
was observed in any patient during an average follow-up of 20
months. In conclusion, stepwise ESD may be an effective and
safe treatment for circumferential Barrett’s neoplasia.

Introduction

The incidence of Barrett’s esophageal carcinoma has rapidly in-
creased in Western countries. It is now gradually increasing in
Japan due to the decreasing rate of Helicobacter pylori infections
and the increased prevalence of gastroesophageal reflux dis-
ease [1]. Although most lesions develop in short-segment Bar-
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rett’s esophagus [2], long-segment Barrett’s esophagus (LSBE)
cancers have also been detected in clinical practice. LSBE can-
cers or dysplasia sometimes present as circumferential lesions,
and treatment strategies for them remain controversial.

Endoscopic submucosal dissection (ESD) is a preferred ther-
apeutic approach for Barrett’s neoplasia, especially in Japan,
due to its unique advantages of allowing an en bloc resection
and a detailed pathological evaluation of the lesions [3,4].
However, if patients with such circumferential lesions are treat-
ed with circumferential en bloc resection by ESD, most of them
will experience severe postoperative stenosis despite the use of
local steroid therapy [5]. Since sub-total or two-thirds circum-
ferential resection has a significantly lower stricture rate than
circumferential en bloc resection, we hypothesized that step-
wise total resection would prevent stricture. Therefore, we per-
formed a stepwise ESD in patients with circumferential Barrett’s
dysplasia or carcinoma.

Patients and methods
Patients and diagnosis

We performed stepwise ESD for circumferential Barrett’s neo-
plasia between March 2018 and April 2020.Before endoscopic
treatment, the lesions were precisely assessed with white light
endoscopy using a high-definition magnification endoscope
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> Table 1 Characteristics of patients with circumferential Barrett’s neoplasia treated with stepwise endoscopic submucosal dissection

Pa- Age Sex Prague Major axis diameter, mm Histology Lympho- Depth
tient years criteria ) X X vascular of inva-
Resected Specimen Lesion Size of ) A N
invasion sion
of 15t ESD (27, 37 15t ESD (279, 3d
and 4th) and 4th)
1 78 Female c1omM14 125%x70(110%35) 105%70(100%35) High-grade dysplasia - -
2 67 Male C7M7 110%77 (88 x40, 100%x77 (80x40, High-grade dysplasia v0, ly0 Tis
60%20,20x18) 55x18,20x18) and intramural carci-
noma
3 68 Male C7M9 140%80 (30%28) 130x80 (28%28) High-grade dysplasia - Tis
and intramural carci-
noma

ESD - endoscopic submucosal dissection.

(GIF-H260Z, Olympus Corp., Tokyo, Japan) and a light source
system (EVIS LUCERA CLV-260SL, Olympus Corp.). After the ob-
servation of white light imaging, narrow-band imaging-magni-
fying endoscopy (NBI-ME) was performed to determine the lat-
eral tumor margin, observing mucosal structure and vascular
pattern irregularity. If the demarcation of the lesion was diffi-
cult to determine, negative biopsies were taken from outside
the estimated demarcation line. The negative biopsy specimen
was confirmed to be adenocarcinoma or high-grade dysplasia,
and an irregular mucosal pattern on NBI-ME was seen in the en-
tire Barrett’s mucosa. Thus, the lesion was diagnosed as cir-
cumferential Barrett’s neoplasia.

ESD procedure and technique

All of the ESD procedures were performed under intravenous
anesthesia using propofol. A single-channel upper gastrointes-
tinal endoscope (GIF-Q260); Olympus Medical Systems, Tokyo,
Japan) was used with a transparent hood (D-201-11804; Olym-
pus Medical Systems, Tokyo, Japan) attached to the tip of the
scope. We used a VIO300D (Erbe Elektromedizin GmbH, Tubin-
gen, Germany) as electrosurgical generators. Sodium hyaluro-
nate (MucoUp; Boston Scientific, Marlborough, Massachusetts,
United States) was injected into the submucosa to lift the mu-
cosa, followed by mucosal incision and dissection using a hook
knife (KD-625LR; Olympus Medical Systems, Tokyo, Japan).
The stepwise ESD technique has been described as follows:
In the first resection, approximately two-thirds of the Barrett’s
segment was removed, including the abnormal area where the
deepest tumor invasion was suspected. However, if the area of
suspicion was deep muscularis muscle or deeper invasion was
seen at more than two-thirds of the circumferential lumen,
the stepwise ESD strategy was not indicated. Either circumfer-
ential en bloc resection by ESD or esophagectomy should be
considered. The squamous epithelium on the oral side and the
gastric mucosa on the anal side were contained within the cut-
ting area. After entire mucosal incision, a clip with a thread was
attached to the oral edge of the lesion [6]. The shallow submu-
cosa should be dissected during the first ESD procedure; if the
deep submucosa had been resected, the scar of the resected
area would adhere to the muscularis propria and make the sec-
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ond resection significantly challenging. To keep the dissection
to the shallow submucosal layer, it was important to carefully
make the incision just behind the mucosa under sufficient sub-
mucosal injection, and to confirm that the submucosa re-
mained in the area after the incision without exposing the mus-
cle layer. After the resection, 100 mg of triamcinolone aceto-
nide (Kenacort-A, Bristol-Myers Squibb, Anagni, Italy) was in-
jected at the base of the artificial ulcer to prevent an esopha-
geal stricture.

The second ESD was performed once the ulcer after the first
ESD had scarred and no postoperative stenosis was observed.
Before the second ESD, we considered the possibility that the
Barrett’s neoplasia was covered with a regenerating squamous
epithelium. Therefore, 1.5% acetic acid was sprayed on the re-
generating epithelium to check for openings of the cancerous
gland [7]. If a certain area showed a slight white change (indi-
cating a region of squamous epithelium with underlying gland-
ular epithelium), preoperative marking was performed to in-
clude this area.

The second resection technique was almost similar to the
usual ESD technique, except for the necessity of careful incision
of the regenerated squamous epithelium due to scar-induced
changes. Triamcinolone acetonide 100 mg was injected after
the second ESD. Local steroid injection was performed only
twice throughout the entire procedure, and no oral steroids
were used. One month after the final endoscopic treatment, a
follow-up endoscopy was performed to check the complete
eradication of Barrett’s neoplasia and preoperative stenosis.

Two pathologists with expertise in Barrett’s neoplasia patho-
logically diagnosed the resected specimen based on the Vienna
classification [8]. Dysplasia was defined as the presence of a
noninvasive neoplastic epithelial proliferation with the poten-
tial to become invasive. In contrast, invasion was mandatory
for a diagnosis of carcinoma. The distinction between high-
grade dysplasia and intramucosal carcinoma was based on fea-
tures such as whether the neoplastic epithelium invaded into
the lamina propria. The characteristics of the patients and the
lesions are provided in » Table 1. Treatment outcomes and ad-
verse events (AEs) are shown in » Table 2.
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» Table2 Treatment outcomes and adverse events.

Patient Number Time between 15t and 2™ Procedure time of Procedure time of Follow-up Recurrence
number of ESD ESD, months (2" and 379, first ESD, minutes second ESD, minutes period
sessions and 3" and 4th) (34 and 4th ESD) (months)
1 2 2 175 120 36 None
2 4 9(3,4) 225 160 (40, 30) 12 None
3 2 5 300 52 12 None

ESD - endoscopic submucosal dissection.

» Fig.1 a Esophagogastroduodenoscopy reveals a long-segment Barrett’s esophagus (Prague classification: C10M14). b Magnifying endoscopy
with narrow-band imaging reveals an irregular pattern throughout the Barrett’s mucosa with unclear demarcation. c In the first endoscopic
submucosal dissection, two-thirds of the Barrett’s esophageal circumference is excised to avoid postoperative stenosis. d The resected speci-
men from the first endoscopic submucosal dissection session. e Findings of hematoxylin-eosin and Ki-67 staining. Adenocarcinoma is seen in
the superficial mucosal layer. Immunohistochemically, the tumor cells were positive for Ki-67.

Case 1

A 78-year-old woman was referred to our hospital for endo-
scopic treatment of Barrett’s dysplasia. Esophagogastroduode-
noscopy revealed an LSBE (Prague classification: C10M14) with-
out any nodular or depressed lesion. ME-NBI revealed an irreg-
ular mucosal pattern throughout the Barrett’s mucosa with un-
clear demarcation (» Fig. 1a, » Fig. 1b). Preoperative biopsy re-
vealed high-grade dysplasia, and she was diagnosed with Bar-
rett’s dysplasia presenting in the entire LSBE area. We dissected
two-thirds of the esophageal circumference during the first
ESD to avoid stenosis (» Fig. 1c), and injected 100 mg of triam-
cinolone acetonide at the resected site. Histopathological ex-
amination revealed high-grade dysplasia throughout the entire
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resected Barrett’s mucosa (tumor size: 105%70mm) (» Fig. 1d,
» Fig. 1e). Immunohistochemically, the tumor cells were posi-
tive for Ki-67 (» Fig. 1e). No esophageal stricture was observed,
and the ulcer was found to be covered with a squamous epithe-
lium.

The second ESD was performed 69 days after the first ESD to
treat the residual lesion (» Fig. 2a, » Fig. 2b). There were no AEs
such as perforation or bleeding. Furthermore, no esophageal
stricture was observed. The entire Barrett’s mucosa was com-
pletely resected and found to be covered with squamous epi-
thelium (»Fig.2c). The histopathological findings were the
same as those noted for the first resected specimen (tumor
size: 100x35mm). Therefore, this lesion was diagnosed as cir-
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» Fig.2 a Sixty-nine days after the first endoscopic submucosal dissection, the ulcer healed and is noted to be covered with squamous epi-
thelium. b The second endoscopic submucosal dissection is performed successfully without any perforation and massive bleeding. ¢ The
entire Barrett’s esophagus is removed and noted to be covered with squamous epithelium.

cumferential Barrett’s high-grade dysplasia. No recurrence was
observed at 3-year follow-up.

Case 2

A 67-year-old man with LSBE (Prague classification: C7M7) was
found to have a 1.0-cm nodule that was identified as adenocar-
cinoma on biopsy (» Fig.3a, » Fig. 3b). ME-NBI revealed a high-
ly irregular mucosal pattern on the nodule and mildly irregular
mucosal patterns throughout the rest of the flat Barrett’s mu-
cosa. Preoperative biopsy of the flat mucosa specimen revealed
high-grade dysplasia. Therefore, the entire Barrett’s mucosa
was considered to be high-grade dysplasia and intramucosal
carcinoma, and the nodule was suspected to be the area of dee-
pest tumor invasion. ESD procedure with local steroid injection
was performed four times over a 1.5-year period (»Fig.3c,
» Fig.3d); there were no AEs in each treatment. Histopatholo-
gical examination of the nodular part revealed a moderately
differentiated adenocarcinoma with mucosal invasion, whereas
that of the remaining Barrett’s mucosa in each procedure
showed high-grade dysplasia (tumor size of each ESD: 100 %
77mm, 80x40mm, 55x18mm, 20x 18 mm). Therefore, this
lesion was diagnosed as circumferential Barrett’s neoplasia.
Mild stenosis was observed, and a single balloon dilation was
performed after the third ESD. No recurrence has been ob-
served 1 year after the fourth ESD.

Case 3

A 68-year-old man was referred to our hospital for treatment of
an esophageal ulcer. Esophagogastroduodenoscopy revealed
an LSBE (Prague classification: C7M9) with an ulcer, confirmed
to be adenocarcinoma on biopsy. A month later, another eso-
phagogastroduodenoscopy examination revealed healed ulcer
and a mildly irregular mucosal pattern throughout the Barrett’s
mucosa; additional biopsy confirmed adenocarcinoma. Thus,
we diagnosed the lesion as circumferential Barrett’s carcinoma.
The patient underwent ESD twice in 6 months (» Fig.4a). Be-
fore the second ESD, acetic acid was sprayed around the regen-
erating epithelium to check for the opening of cancerous
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» Fig.3 a Esophagogastroduodenoscopy reveals a long-segment
Barrett’s esophagus (Prague classification: C’M7). b A 10-mm
reddish, elevated lesion is seen within the Barrett’s mucosa, and is
confirmed to be adenocarcinoma on biopsy. ¢ Two-thirds of Bar-
rett’s esophageal circumference is excised without any complica-
tions. d An incision is carefully made during the second endo-
scopic submucosal dissection.

glands. A particular area showing a slight white change indicat-
ing a region with glandular epithelium under the squamous epi-
thelium (» Fig.4b), and preoperative marking was performed
to include this area.

The second ESD was performed and histopathological exam-
ination of the resected specimen revealed carcinoma under the
squamous epithelium in the white-change region (»Fig.4c,
» Fig.4d); the other area showed intramucosal carcinoma (tu-
mor size of each ESD: 130x80mm, 28x28 mm). Therefore,
based on the findings from these two resected specimens, this
lesion was diagnosed as circumferential Barrett’s carcinoma.
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> Fig.4 a White light image taken before the second endoscopic submucosal dissection. b Before the second endoscopic submucosal dissec-
tion, acetic acid is sprayed on the regenerating epithelium to check for the opening of the cancerous glands. One area shows a slight white
change suspicious of glandular epithelium underlying the squamous epithelium (yellow arrows). c The resected specimen from the second
endoscopic submucosal dissection. Preoperative marking, including the area that showed a slight white change, can be seen (green arrows).
d Histopathologically, the area is confirmed to have adenocarcinoma underlying the squamous epithelium.

There was no postoperative stenosis. Subsequently, the Bar-
rett’s mucosa was found to be completely covered with squa-
mous epithelium. No recurrence has been observed in the past
2 years.

Discussion

ESD is increasingly being recognized as a superior resection
technique for superficial gastrointestinal neoplastic lesions be-
cause of its high en bloc and curative resection rates. Moreover,
its usefulness and safety in Barrett’s esophagus neoplasia have
also been confirmed. It is one of the standard treatments for
early Barrett’s esophageal carcinoma and high-grade dysplasia
[3,4]. However, if circumferential Barrett’s lesions, such as in
the present cases, are removed with circumferential en bloc re-
section by ESD, severe postoperative stenosis is inevitable. Even
with preventive measures (such as oral steroids and/or local in-
jections), postoperative stenosis occurs in 36% to 100% of pa-
tients [5]. Therefore, we performed stepwise ESD with local
steroid injections in three cases: only one experienced mild ste-
nosis (which was resolved with single balloon dilation), and no
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severe stenosis was observed in any case. In addition, oral ster-
oids were not used in these patients, which may be an advan-
tage of stepwise ESD because corticosteroid treatment may
raise concerns about severe AEs, including immunosuppres-
sion, psychiatric disturbances, diabetes, peptic ulceration, and
osteoporosis. These findings show that stepwise ESD is an ef-
fective treatment for early circumferential Barrett’s lesions
with respect to postoperative stenosis prevention and no ne-
cessity of oral steroids. However, the indications for stepwise
ESD must be carefully considered; this strategy is not recom-
mended for all lesions with whole circumferential Barrett’s dys-
plasia. Basically, en bloc resection by ESD is preferred because it
provides a detailed pathologic diagnosis and reduces the risk of
recurrence. According to Miwata et al, a circumferential resec-
tion of the esophagus longer than 5 cm is associated with a high
risk of severe postoperative stenosis [9]. Therefore, it would be
better if the indication criteria of a lesion that fitted stepwise
ESD included a resection diameter that exceeds 5cm in length.

In Western countries, the efficacy of stepwise radical endo-
scopic resection (SR-ER) involving the cap or multiband muco-
sectomy techniques has proven effective in Barrett’s lesions
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[10]. The American Gastroenterological Association and Euro-
pean guidelines have referred to this method as an effective
treatment option for early Barrett’s lesions [11,12]. However,
SR-ER is associated with a high postoperative stenosis rate of
49.7% [13]. In the current case series, stepwise ESD led to only
mild stenosis in one case. The key reason behind this difference
could be that the stepwise ESD allowed selection of the incision
layer, and we intentionally resected the shallow submucosal
layer. This approach may have helped prevent stenosis because
sufficient submucosal layer was left behind at the ulcer site fol-
lowing resection, enabling successful local steroid injections.
Furthermore, unlike SR-ER, stepwise ESD also enabled detailed
pathological evaluation of the resected lesion, which is also a
major advantage of stepwise ESD.

ER with radiofrequency ablation (RFA) is another treatment
option used in Western countries. When mucosal irregularities,
including nodularity, ulceration, or flat but irregular mucosal
contour, are detected as suspected neoplasia, endoscopic mu-
cosal resection is recommended for such visible lesions. Fur-
thermore, if the mucosa surrounding the visible lesion is patho-
logically confirmed to be dysplastic, endoscopic ablative ther-
apy of the residual dysplastic epithelium is recommended [11].
Although this strategy has shown promising outcomes in re-
cent studies, it carries a risk of subsquamous adenocarcinoma
recurrence [14]. Subsquamous recurrence may occur following
ablation therapy due to an inadequate number of RFA sessions,
which leads to the residual neoplastic epithelium. Stepwise
ESD, which can achieve uniform dissection of the submucosal
layer underlying the lesion, can help overcome this risk of sub-
squamous adenocarcinoma recurrence.

In addition, before each ESD session, a detailed diagnosis of
the lateral extension was performed using NBI-ME and acetic
acid spray. As shown in the representative case, spraying acetic
acid before the second ESD revealed a white color change in a
small area of the regenerative squamous epithelium. This area
was also resected and histopathologically confirmed to have
carcinoma underlying the squamous epithelium. Given that
stepwise ESD treatment is performed with a detailed diagnosis
of the lateral extension of the lesion, we believe that it can help
minimize residual neoplastic epithelium. Therefore, stepwise
ESD is expected to achieve a lower postoperative recurrence
rate.

At present, in Japan, when ESD treatment is performed for
non-circumferential Barrett’s carcinoma developing in LSBE,
only the neoplastic lesion is resected, and the remaining Bar-
rett’s mucosa is observed. However, the risk of metachronous
carcinoma from the remaining Barrett’s mucosa is relatively
high, and there is a possibility that micro lesions that are diffi-
cult to detect endoscopically may exist in the remaining Bar-
rett’s mucosa. Therefore, it would be better to resect the resi-
dual Barrett’s mucosa, and we believe that this stepwise ESD
procedure is recommended. The usefulness of stepwise ESD
for the treatment of non-circumferential carcinoma in LSBE
will need to be investigated at multiple institutions in the fu-
ture.

The present study had some limitations. First, it included a
small sample size. In Japan, the incidence of LSBE cancer is low
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due to the low incidence of LSBE itself. Even in a high-volume
endoscopic center like ours, we encountered only three cases
of early circumferential Barrett’s dysplasia and carcinoma.
However, we believe that this treatment method can be applied
not only to Barrett’s esophageal cancer but also to squamous
cell carcinoma (SCC) of the esophagus. In fact, in our clinical
practice, a few cases of circumferential SCCs were successfully
treated with stepwise ESD. Therefore, this treatment strategy
may help reduce the risk of severe stenosis after endoscopic re-
section of esophageal lesions. Second, this study had the short
follow-up period. Long-term follow-up is necessary to clarify
the tumor recurrence rate after the stepwise ESD.

Conclusions

In conclusion, stepwise ESD may be an advantageous and safe
technique for early circumferential Barrett’s adenocarcinoma.
Future studies with large sample sizes and longer follow-up are
required.
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