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Abstract

Background: Barrett’s esophagus—related high-grade
dysplasia or mucosal cancer can be treated by endoscopic
mucosal resection (EMR), but the adjacent metaplastic
epithelium remains at risk for developing further lesions.
Our objective was to evaluate the results of the circum-
ferential EMR in removing not only the neoplastic lesion
but also the remaining Barrett’s epithelium.

Methods: Forty-one consecutive patients (mean age: 66
years) with Barrett’s esophagus were submitted to 63
EMR sessions in one single-referral endoscopic unit. All
patients had high-grade dysplasia, and cancer was de-
tected in 23 of these cases, most of them classified as
TINO (20 patients) by endosonography. Mucosectomy
after saline submucosal injection was performed for the
neoplastic lesions and, if necessary, the residual Barrett’s
epithelium was removed by the same technique one
month later.

Results: A retrospective evaluation showed that, during a
mean follow-up of 31.6 months, Barrett’s epithelium was
completely replaced by squamous epithelium in 31
(75.6%) cases. There were 10 complications, all of which
were managed endoscopically: 8 cases of bleeding and
two perforations occurred in 9 (14.3%) patients. One
patient developed an esophageal stricture. Barrett’s epi-
thelium recurred in 10 (24.4%) patients and recurrent or
metachronous early cancer was detected in 5 (12.2%), all
but one of which were treated again by EMR; the fifth
patient was referred to surgery. Argon plasma coagula-
tion was used in 6 cases to treat Barrett’s epithelium, and
two patients received concomitant chemoradiotherapy as
adjuvant therapy.

Conclusions: Circumferential EMR provides an effective
endoscopic approach to the management of Barrett’s
esophagus-related high-grade dysplasia and mucosal
cancer. Additional studies are necessary to evaluate the
long-term results.

Correspondence to: M. Giovannini

Key words: Adenocarcinoma — Barrett’s esophagus —
Dysplasia — Endoscopic mucosal resection — Endo-
scopic treatment

Barrett’s esophagus (BE) can reach an annual incidence
of adenocarcinoma up to 70% when high-grade dys-
plasia is detected in follow-ups of up to 9 years [14, 23]
This way, carly detection of neoplastic lesions and
improvement of endoscopic ablation techniques, espe-
cially in those cases not suitable to surgical resection,
have become the great priorities in this setting. Endo-
scopic mucosal resection (EMR) is a good option when
the lesion is limited to the mucosa or, as advocated by
some authors, to the first third of the submucosa.
However, even with a good expectation of cure because
of the low probability of locoregional node involvement
or distant metastasis in patients with superficial cancers
[11], there are still many doubts about the best approach
to the treatment of the associated Barrett’s epithelium in
order to prevent local recurrence or the development of
metachronous lesions The incidence of such lesions in
association with Barrett’s esophagus ranges from 14% to
23% [2, 9]. Prevention requires endoscopic surveillance
or a combination of endoscopic methods to ablate the
remaining Barrett’s epithelium and, in this way, the
invisible foci of malignant disease. Nevertheless, pitfalls
of the additional methods are the lack of histopatho-
logical correlation and the great incidence of strictures,
which are noted to occur in up to 30% of patients [1, 15].

We conducted this study to evaluate the efficacy of
the complete removal of Barrett’s epithelium by the
EMR technique in patients with high-grade dysplasia or
mucosal cancer.

Materials and Methods

Between February 1999 and December 2005, 41 consecutive patients
with Barrett’s esophagus were referred to EMR of high-grade



dysplasia (HGD) or mucosal cancer. The mean length of the Barrett’s
epithelium was 4.9 cm (range: 1-15 cm). Endoscopic biopsies had
previously detected HGD in all cases, and 23 of these patients pre-
sented mucosal carcinoma. Patients with cancer were submitted to
endosonographic (EUS) staging with a 5-7.5-10 MHz-radial ultra-
sonic transducer (EG 36UR or FG36 X; Pentax, Hamburg, Germany)
10-15 days before the first session of EMR. The tumor was classified
as usT1 when the third and fifth hyperechoic layers were seen. Overall,
based on the pretreatment EUS, the lesions were classified as usTONO
in one patient and TINO in 20 cases. Two additional cases were
classified, respectively, as usT2NO and usTINI1. The option for the
endoscopic treatment was based on a marked surgical risk (heart
disease, respiratory insufficiency, cirrhosis, or poor general health) or a
refusal to surgery.

Circumferential EMR technique

Endoscopic mucosal resection was performed by the same endoscopist
(M.G.) according to a procedure described previously [4]. Briefly, the
procedure was performed under general anesthesia with propofol
(Diprivan® 1%, AstraZeneca Pharmaceuticals, Caponago, Italy), the
patient was let in the left side position after an overnight fast. The
resection was carried out using either the piecemeal inject-and-cut or
the lift-and-cut technique. Most commonly a double-channel endo-
scope (EG38 UX, Pentax, Hamburg, Germany) was used, but a con-
ventional upper gastrointestinal endoscope (EG40, Pentax, Hamburg,
Germany) was also used in some cases. During the first procedure, the
index lesion and its contiguous metaplastic tissue were resected. When
necessary to avoid the esophageal stricture, the second half of the
Barrett’s epithelium was resected one month later. Patients did not
receive anything by mouth for 24 h after the procedure and they re-
mained in the hospital for 1-2 days. After the first procedure, every
patient received high doses of esomeprazole (80 mg daily) for 30 days,
which might have been continued for an additional 4 weeks in case of a
second EMR session. After this period, prolonged medical therapy
with proton pump inhibitors was recommended. Control endoscopies
with Lugol staining and biopsies from the entire length of the new
squamous epithelium were performed 1 month later and then every
4 months once Barrett’s esophagus was considered ablated.

Histopathological assessment

All specimens were reviewed by the same experienced gastrointestinal
pathologist (G.M.). Histological samples were fixed in 10% phosphate
buffered formalin, embedded in paraffin blocks, and stained with
hematoxylin-eosin. According to the Paris classification [20], the
samples were classified as metaplastic epithelium, negative for intra-
epithelial neoplasia, low- or high-grade intraepithelial neoplasia, and
intramucosal or invasive carcinoma. In the presence of intramucosal
carcinoma, three additional subclasses are described: m1 (intraepithe-
lial), m2 (lamina propria is affected), and m3 (muscularis mucosae is
affected). The invasive carcinoma is also divided into three categories:
Sm1, Sm2, and Sm3 (the cutoff value to distinguish these categories is
500 um).

A p value < 0.05 was considered significant for the statistical
calculations. The analysis of categorical variables was performed by
means of the chi-square test with Yates correction, relative risk with a
95% confidence interval, and Fisher’s exact test. Means were compared
using Student’s s-test. The data were processed and analyzed by means
of Epi Info version 6.04 and PEPI version 3.0 statistical software.

This study was approved by the Research Ethics Board of our
institution, and all patients provided written consent to undergo local
therapy after receiving extensive information.

Results

During a mean follow-up of 31.6 (0-83) months, 41
patients were submitted to 63 (mean number:1.5) ses-
sions of EMR (Table 1). Procedure-related complica-
tions occurred in 9 (14.3%) patients, consisting of 8 cases
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Table 1. Characteristics of patients submitted to circumferential
endoscopic mucosal resection (EMR) of Barrett’s esophagus-related
high-grade dysplasia or early adenocarcinoma

Patients (n) 41
Sex (M/F) 35/6
Age (years) 65.8 + 10.5
Extension of Barrett’s esophagus (cm) 49 + 34
Size of visible lesions (mm) 144 £ 7.6
Histological diagnosis prior to EMR
High-grade dysplasia 18 (44%)
In situ adenocarcinoma 23 (56%)
US tumoral stage'
TO 1 (4.3%)
Tl 21 (91.3%)
T2 1 (4.3%)
US nodal stage'
NO 22 (95.7%)
NI 1 (4.3%)

! EUS evaluation was performed prior to EMR only in patients in
whom endoscopic biopsies revealed mucosal cancer

of bleeding, which were successfully managed by
adrenaline injection and clipping in all cases. There were
two perforations, one of them associated with a bleeding
episode, but surgery was not required. Only one patient
developed symptomatic esophageal stricture, and he was
treated by bougienage. Three (7.3%) patients died, but
only one as a consequence of the esophageal cancer 24
months after the first EMR and 7 months after the
cancer recurrence. Two other patients died because of
cardiovascular diseases, with no recurrences up to the
conclusion of the study.

Ten (24.4%) patients developed 11 episodes of Bar-
rett’s recurrence after a mean follow-up of 49.6 (3-193)
weeks. All of these patients underwent repeat EMR.
From this same group, 5 patients (12.2%) developed
recurrent (4 cases) or metachronous carcinomas (2
cases) after a mean follow-up of 34.5 (3-72) weeks.
Barrett’s esophagus and cancer recurred twice in one
patient. All of these patients, except the one referred to
surgery, underwent repeat EMR, and three of them re-
ceived adjuvant therapy with argon plasma coagulation
(2 cases) or chemoradiotherapy (1 case). Overall, in an
intention-to-treat manner, 31 (75.6%) patients had the
metaplastic epithelium completely replaced by squa-
mous epithelium. Including those patients submitted to
a repeat EMR after recurrence of metaplastic epithe-
lium or carcinoma, the success rate of the endoscopic
approach was 90% (37/41).

Adjuvant therapy was given to 7 patients. Six (14.6%)
patients received argon plasma coagulation (4 mucosal
cancers and 2 HGD), and two (4.9%) patients with
mucosal cancer were submitted to chemoradiotherapy,
one of them after argon plasma coagulation.

With regard to the agreement in the histopatholog-
ical assessment between the pre-EMR biopsies and the
EMR specimens, cancer was confirmed in 17 (73.9%) of
23 cases. Another 2 cases were diagnosed as HGD and
4 cases as low-grade dysplasia (LGD) (Table 2). Ana-
lyzing adenocarcinoma and multifocal HGD as a single
malignant disease, the pre-EMR biopsies diagnosed as
cancer overstaged the tumor in 4 (17.4%) of 23 cases
classified as LGD after EMR, and in 10 (55.5%) of 18
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Table 2. Histopathological agreement between the pre-EMR biopsies
and the specimens obtained after EMR (n = 41)

Mucosal High-grade
cancer dysplasia
Pre-EMR biopsies (n = 23) (n = 18)
EMR samples
Metaplastic epithelium - 2
Low-grade dysplasia (LGD) 4 8
High-grade dysplasia (HGD) 2 4
Adenocarcinoma 17! 4

' Fourteen of these patients also presented HGD, and LGD was
detected in three cases
2 High-grade dysplasia was detected in all these cases

cases with HGD, classified as LGD (8 cases) and
metaplastic epithelium (2 cases) after EMR. Overall,
EMR changed the diagnosis and confirmed the presence
of lesions of lower neoplastic risk in 14 (34%) patients.

Endoscopic mucosal resection detected cancer in 21
(51.2%) cases. In these patients, the diagnoses obtained
by endoscopic biopsies prior to mucosectomy were
mucosal cancer (17 cases, 12 of them with a visible
lesion) and HGD (4 cases, no visible lesions). The
histopathology revealed submucosal involvement in 8
patients (6 cases Sml and 2 cases Sm2) previously
diagnosed as mucosal cancers by pre-EMR biopsies.

With regard to the EUS evaluation, 21 (91.3%) of 23
cases were correctly classified as mucosal tumors, except
for one patient diagnosed as a T2 cancer, in whom the
EMR specimen revealed a Tlsm2 tumor, and another
patient whose tumor was classified as TIN1 cancer, in
whom EMR detected only LGD and the lymph node was
not punctured. Thus, once cancer was confirmed after
EMR, it was overstaged by EUS in 5.9% of the cases. In
contrast, when EMR did not confirm the cancer, EUS
overstaged the lesions in 16.6% of the cases.

In order to find some predictive factors for recur-
rent or metachronous carcinomas after EMR, we ana-
lyzed some demographic, endoscopic, ultrasonographic,
and histopathological aspects. However, no statistical
difference was detected (Table 3).

Discussion

Our study presents one of the largest series dealing with
circumferential EMR in Barrett’s esophagus related
high-grade dysplasia or mucosal cancer. The experience
with EMR for neoplastic lesions in BE has increased
considerably in the last few years. In the largest series to
date, Vieth et al. (22), analyzing 711 samples from 295
patients with superficial neoplasia arising in Barrett’s
esophagus submitted to EMR, showed that most of the
carcinomas were well-differentiated (72%) and many
(93%) were confined to the mucosa. Besides, infiltration
of blood and lymphatic vessels was rare. Complete
resection was possible in 75% of the patients, 27% dur-
ing the first attempt and 48% after repeated endoscopic
resections. In our experience, esophageal cancer was
confined to the mucosal layer in 61.9% (13/21) of the
cases, and additional procedures were necessary in
53.7% to enable a complete resection.

Although very promising, to date EMR is restricted
to removal of focal lesions, and not long circumferential
segments of Barrett’s esophagus. This might seem a
logical extension of the use of EMR. Removing not only
focal lesions but also the remainder of the metaplastic
epithelium might give greater assurance that no neo-
plasia or columnar mucosa remained, and it might
maximize the histological assessment. Reinforcing these
advantages, it should be emphasized that EMR avoids
operative mortality, which can reach up to 7% in referral
centers and up to 20% where the procedure is infre-
quently performed [5, 6], and enables retained esopha-
geal function.

Following the first case report by Satodate et al. [16]
on complete mucosal resection of a BE with early can-
cer, Seewald et al. [19] performed circumferential EMR
in 12 patients with multifocal high-grade intraepithelial
neoplasia or mucosal cancer. A polypectomy snare
without a cap or submucosal injection was used. The
entire BE (median length 5 cm) was completely removed
in a median number of 2.5 (1-5) sessions. Bleeding oc-
curred in 4 of 31 (12.9%) sessions, and two (16.6%)
patients required esophageal dilation. During a median
follow-up of 9 months, no recurrence of Barrett’s
esophagus or malignancy was observed.

Our results are in line with those reported by See-
wald et al. [19]. The mean size of the Barrett’s epithelium
was the same. However, we have already treated a
greater number of patients, and our mean follow-up is
longer, almost 32 months. In our experience, minor
bleeding occurred in 19% of the patients, and 2 perfo-
rations (4.8%) were managed clinically. Only one (2.4%)
patient developed symptomatic stricture, and the stric-
ture was successfully treated by bougienage. In an
intention-to-treat manner, the success rate of the EMR
was 75%, reaching 90% when patients submitted to a
repeat EMR after recurrence of metaplastic epithelium
or carcinoma were included. Metaplastic epithelium and
neoplasia recurred in 10 (24%) and 5 (12%) cases,
respectively. All of these patients were treated with re-
peat endoscopic resection. Our recurrence of neoplasia
was greater than that reported by Seewald et al. [19], but
it is crucial to compare the follow-up periods, almost
3 years in our study and only 9 months in the study of
the German group. Furthermore, a review of 161 cases
submitted to EMR with mean follow-up of 16 months
reported a recurrence rate of 0%—15.8%. In addition to
its efficacy, EMR is relatively safe, with significant
bleeding and perforation being reported in 0%—14% and
1.8% of procedures, respectively [2, 12]. Besides, our
incidence of esophageal stricture was lower, perhaps an
advantage of injection of saline into the submucosa,
which was not done by Seewald et al. [19], or submitting
patients to a repeat EMR session, when necessary, one
month after the first. Unfortunately, it is difficult to
analyze in detail this finding because the published
experience is still too small.

One of the most significant drawbacks of using EMR
as a curative treatment is the reliability of preprocedure
assessment of the depth of invasion of the neoplasia, as
well as the recognition of the lymph node involvement.
Although there is some disagreement between the EUS
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Table 3. Predictive factors for recurrence of neoplasia after EMR of Barrett’s esophagus-related high-grade dysplasia or early adenocarcinoma

Recurrence (n = 6) No recurrence (n = 35) p Value

Sex! 5 male (83.3%) 30 male (85.7%) NS
Age (years) 69 £ 9.7 65.3 £ 10.7 NS
Follow-up (weeks) 117.7 + 112 139 £ 107.5 NS
Visible tumors 1 (16.6%) 14 (40%) NS
Size of visible tumors (mm) 15 144 £ 7.6 NS
Extension of Barrett’s epithelium 4 +28 5+ 34 NS
Cancer in original EMR specimens 3 (50%) 18 (51.4%) NS
EUS tumoral staging?

TO 0 1 (4.8%) NS

T1 2 (100%) 19 (90.5%) NS

T2 0 1 (4.8%) NS
EUS nodal staging?

NO 2 (100%) 19 (90.2%) NS

NI 0 1 (4.8%) NS
Affected wall layer(s)®

ml 0 2 (9.5%) NS

m2 2 (66.7%) 6 (38.1%) NS

m3 1 (33.3%) 2 (14.3%) NS

Sml 0 6 (28.6%) NS

Sm2 0 2 (9.5%) NS

NS: Non-significant (p > 0.05)
! Cancer recurred twice in one patient

2 Endoscopic ultrasound evaluation was done prior to EMR only in those patients with in situ adenocarcinoma (n = 23)
* Only for patients with histopathological assessment confirming cancer (n = 21)

staging and the histopathological assessment of EMR
specimens, EUS has been shown to be superior to
computed tomography or magnetic resonance imaging
for preoperative staging in patients with HGD and
cancer [17]. By delineating the tumor infiltration and the
lymph node staging, EUS is useful in identifying can-
didates for endoscopic management. Its accuracy in
assessing the depth of infiltration is 80%—85% for T1
tumors [3, 7]. Both overstaging and understaging occur
in up to 20% of cases [2, 10, 12, 18]. Among our cases,
once cancer was confirmed after EMR, the incidence of
EUS overstaging was 5.9%. In contrast, when EMR did
not confirm the presence of cancer, EUS overstaging
was 16.6%. There were no cases of understaging. Most
of mucosal tumors (91.3%) were correctly classified,
except for one diagnosed as a T2 cancer, revealed as a
T1sm2 tumor after EMR, and another case classified as
TINI, in which EMR detected only LGD and the
lymph node was not punctured.

In relation to the EUS staging and the depth of
infiltration, in the largest study evaluating the value of
EUS with a 20 MHz miniprobe in early esophageal
carcinoma and comparing the results with histological
findings after EMR, only 2 of 14 patients with submu-
cosal tumor invasion diagnosed after EMR had been
correctly diagnosed with EUS beforehand. This finding
might explain our § patients previously diagnosed with
mucosal cancers, in whom the histopathology revealed a
submucosal involvement. In addition, sensitivity for
mucosal and submucosal tumors was, respectively, 91%
and 48%. The EUS understaging and overstaging rates
for early esophageal cancer were 13.8% and 6.4%,
respectively. Eendoscopic ultrasound overstaging for
mucosal cancers was 8.8%. For submucosal cancers,
however, EUS understaging was 52% [8]. Our results,
even with a lower-frequency radial probe, are similar

than those reported by May et al. [8]. With specific
reference to lymphadenopathy, quite often small lymph
nodes are seen in BE irrespective of the presence of
neoplasia, and it is not clear which of these should be
aspirated before EMR [21]. For this reason, we did not
perform aspiration in the single patient harboring a
lymph node.

Indeed, distinguishing among HGD, intramucosal
adenocarcinoma, or invasive adenocarcinoma based
exclusively on endoscopic biopsies is difficult and
subject to interobserver variability [13, 15]. In the
experience of Mino-Kenudson et al. [10], EUS cor-
rectly reported an intramucosal or submucosal lesion
in 70% of the cases. The biopsy diagnosis corre-
sponded to the EMR diagnosis in 63% of the cases.
The biopsy resulted in understaging and overstaging in,
respectively, 21% and 16% of the cases. These data
demonstrate that EMR offers improved diagnosis and
staging as compared with endoscopic biopsies and
EUS. This is a significant advantage as changes in
grade and stage may have a significant impact on pa-
tient outcome and enable better clinical decision
making [1]. In our experience, cancer was confirmed
after EMR in 73.9% of those patients referred to
endoscopic treatment. The pre-EMR biopsies diag-
nosed as cancer overstaged the tumor in 17.4% of the
cases. Overall, EMR changed the diagnosis and con-
firmed the presence of lesions of lower neoplastic risk
in 34% of the patients.

Up to now, randomized controlled trials comparing
circumferential EMR with surgery or other ablative
endoscopic techniques, as well as studies of EMR with
long-term results are lacking. The improvement of
diagnostic methods, especially EUS, will allow careful
selection of patients, minimizing the risk of undertreat-
ment. Technical improvement of the devices and the
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possibility of avoiding significant strictures after EMR
will increase its use.
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