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OBJECTIVES:

Endoscopic mucosal resection (EMR) is an established technique for the management of Barrett’s

esophagus (BE). Although EMR is generally perceived to be a relatively safe procedure, the published
data regarding EMR-related complications are variable and the expertise of those performing EMR

is often not disclosed. Our aim was to determine the complication rates in a large cohort of patients
who underwent EMR at a specialized BE unit.

METHODS:

A prospectively maintained database was reviewed for patients with BE who underwent EMR from

January 1995 to August 2008. EMR was performed in patients with neoplastic appearing lesions.
Bleeding, stricture, and perforation related to EMR were reviewed as the main outcome measurements.

RESULTS:

In all, 681 patients (83% male; mean age 70 years old) underwent a total of 1,388 endoscopic

procedures and 2,513 EMRs. Median length of BE was 3.0cm (interquartile range (IQR) 1-7).

A single experienced endoscopist performed 99% of the EMR procedures. EMR was performed

using commercially available EMR kits in 95% (77% cap-snare and 18% band-snare) and a variceal
band ligation device in 5% of cases. No EMR-related perforations occurred during the study period.
The rate of post-EMR bleeding was 1.2% (8 patients). Seven patients were successfully treated
endoscopically and one needed surgery. The rate for symptomatic strictures after EMR was 1.0%

(7 cases), and all of the cases did not involve intervening ablation therapies. All strictures were
successfully treated with endoscopic dilation.

CONCLUSIONS: This is the largest series reported to date on EMR in BE. In this large retrospective study, EMR
for BE was associated with a low rate of complications for selected patients when performed by

experienced hands.
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INTRODUCTION
Barrett’s esophagus (BE) is a complication of gastroesophageal
reflux disease in which normal squamous epithelium of the
esophagus is replaced by intestinalized columnar epithelium (1).
The link between BE and esophageal adenocarcinoma (EAC) is
well established, with two very large, population-based studies
that revealed that a small subset of patients with BE will progress
from intestinal metaplasia to dysplasia and eventually EAC (2,3).
The incidence of EAC in the setting of BE is increasing in the
United States (4). Patients with BE are recommended to undergo
periodic endoscopic surveillance to detect dysplastic or cancerous
lesions at an early stage when treatment can be curative.
Endoscopic mucosal resection (EMR) is an established tech-
nique for the diagnosis and treatment of high-grade dysplasia

(HGD) and early EAC in BE (5,6). EMR is typically used to
remove focal, endoscopically apparent areas of dysplasia and
neoplasia from the BE segment. Histological evaluation of the
resected specimen guides the identification of patients appropri-
ate for further endoscopic treatment. EMR, alone or combined
with other modalities (e.g., radiofrequency ablation), can be
used to remove the remaining areas of dysplasia or metaplasia.
EMR is generally perceived to be a relatively safe procedure, but
limited information is available regarding the rate and type of
complications associated with EMR in a large patient cohort.
The reported complication rates are quite varied and limited by
small patient numbers. For example, post-EMR bleeding rates
vary from 1 to 45% (6-11). The expertise of those perform-
ing EMR has often not been disclosed in the available studies.
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Herein, we report on the EMR-related complications in a large
Barrett’s patient cohort treated in a specialized BE unit.

METHODS

Patients

This is a retrospective cohort study from the Barrett’s Esopha-
gus Unit of the Mayo Clinic Rochester and was approved by
the institutional review board of our institution. The medical
records of patients who underwent EMR for BE at our institution
from January 1995 to August 2008 were reviewed and data were
abstracted from a prospectively maintained electronic database.
This included patient demographics, endoscopic findings and
therapy, and EMR complications. Patients were primarily fol-
lowed at the Mayo Clinic Rochester with rare patients followed
elsewhere with clinical information submitted for our data-
base. Bleeding, stricture, and perforation related to EMR were
reviewed as main outcome measurements. Outcomes were also
assessed at various time intervals (see Results). By our retrospec-
tive chart review, we found an increasing proportion of patients
who underwent ablation therapy, primarily radiofrequency abla-
tion, along with EMR, especially after the year 2007. Because
additional ablation therapy should interfere with the safety out-
come assessment by EMR alone, our cohort does not extend
beyond the year 2008. None of the patients in our cohort under-
went radiofrequency ablation. EMR was performed in patients
with a nodule or polyp within BE or with neoplastic appearing
lesions such as irregular, friable, ulcerated, or villous appear-
ing mucosa as we previously reported (12). After EMR, further
treatment was tailored for each patient depending on the patho-
logical diagnosis. Patients who were considered to lack features
of metastasis or deep invasion by endoscopic ultrasonography
and were found to have early-stage cancers (T1la) were candi-
dates for EMR. These patients were assessed by a multidiscipli-
nary team, including experienced thoracic surgeons, and were
offered EMR if they were unsuitable candidates for esophagec-
tomy or if they refused surgical therapy. Patients who were not
considered to be eligible for EMR were excluded (absence of
a macroscopically visible lesion(s), endoscopic suspicion of
submucosal invasion by nonlifting sign, or evidence of lymph
node metastasis).

EMR techniques

EMR was performed under conscious sedation (midazolam
and/or meperidine intravenously) in the majority of patients.
A single experienced endoscopist (K.K.W.) alone performed
99% of the EMR procedures using standard videoendoscopes
(GIF-Q140, GIF-Q160 or GIF-H180; Olympus America, Center
Valley, PA). In our BE specialized unit, all the EMR procedures
were performed by the attending physicians without trainee
participation during this time period. A total of 211 patients
(31%) underwent photodynamic therapy (PDT) in addition to
EMR. EMR was performed before PDT for visible, focal lesions.
Regardless of the EMR technique used, 5-15 ml of dilute epine-
phrine solution (1:200,000) was injected into the submucosa
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before EMR of any lesion. Initial EMR experience consisted
of using the band and snare technique in 5% of cases, where a
variceal band ligation device (Bard Six-Shooter; Bard Interven-
tional Products, Billerica, MA) was used to suction the lesion
of interest to form a pseudopolyp and a band placed at the base
of the pseudopolyp. The pseudopolyp was then resected using
snare electrocautery (monopolar mode, pure coagulation set-
ting) below the band. With the introduction of commercially
available EMR kits, EMR was performed using the cap and snare
technique (EMR-001; Olympus America) in 77% of cases and
band and snare technique (Duette EMR; Wilson-Cook, Bloom-
ington, IN) in 18% of cases. Cap-snare technique was per-
formed by suctioning the lesion into the cap after positioning
of a crescent snare along the rim of the cap. The snare was then
closed with application of electrocautery (monopolar mode,
coagulation setting) to resect the lesion (13). The cap-snare
technique was used most often because of its earlier availability
on the market; it was also used preferentially after prior ablative
therapies. The EMR technique using the Duette device is similar
to the above-described band and snare technique (Figure 1).
Prophylactic clips were placed for the prevention of acute bleed-
ing. It was applied in situations where a pigmented protuber-
ance or a visible vessel was seen at the base of the EMR site, or
in instances where a patient needed to resume immediate anti-
coagulation following the procedure.

Our treatment algorithm involved the use of the cap—snare tech-
nique if patients had prior treatment with either EMR or PDT, or
if patients required less than three EMR procedures to remove the
lesion, and use of the band ligation technique for patients who
required three or more EMR procedures to remove a lesion. EMR
procedures were all performed on an out-patient basis unless in
extenuating circumstances (i.e., EMR in a patient with esophageal
varices). EMR was primarily used to remove focal lesions or short
segments of BE mucosa (<3cm in length). We generally resect
any lesions that involve <50% circumference in one procedure,
and consider resection of >50% circumference in specialized cir-
cumstances (e.g., intolerance for endoscopy, known cancer). For
the uncommon lesions of >75% circumference, we initially resect
what appears to be the most neoplastic regions as judged by nar-
row band imaging and high-resolution white light endoscopy, and
then return in 2 months for additional resection.

PDT technique

PDT was performed as previously described (14). In patients who
received PDT, the photosensitizers used were hematoporphyrin
derivative (4mg/kg) or porfimer sodium (2mg/kg; Photofrin;
Axcan Scandipharm, Birmingham, AL). Both were administered
intravenously 48h before photoradiation. It was our practice
between 1992 and 1998 to perform a second-look endoscopy
24-48h after PDT to check for adequacy of treatment and perform
additional PDT if untreated areas were detected. This practice was
discontinued in 1999 as our analysis did not show increased treat-
ment efficacy with the second look. If EMR was performed, then
PDT was delayed by a minimum of 2 weeks to allow healing of
EMR sites.
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Figure 1. This illustrates the two most important mucosal resection techniques, the cap technique and the band ligation technique. (a—¢) Endoscopic
mucosal resection (EMR) with cap—snare technique. Suction the lesion into the cap after positioning of a crescent snare along the rim of the cap (a), the
snare was then closed with application of blended current (b) to resect the lesion (c). (d—f) EMR with band ligation technique. Suction the lesion

and form a pseudopolyp with a band placed at the base of the pseudopolyp (d), the pseudopolyp was then resected using snare electrocautery below the

band (e, f).

Pathology assessment

Pathology assessment was performed according to the pro-
tocol in our BE unit as previously described (15). Resected
specimens were placed in formalin and not pinned for orienta-
tion, as most EMR specimens, unlike endoscopic submucosal
dissection specimens, are difficult to pin because of their
thickness. The sizes of specimen were measured at pathology
laboratory after formalin fixation. Histologic grading was the
most advanced grade in the sample specimen at that endo-
scopic session. Pathological diagnosis was confirmed by two
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gastrointestinal pathologists. Mucosal EAC was diagnosed
once there was invasion through the basement membrane
into the lamina propria.

Post-EMR patient care

Patients with a planned EMR procedure were instructed to take
a proton pump inhibitor (at least omeprazole 20 mg twice a
day or equivalent) and avoid anticoagulants, antiplatelet agents,
and non-steroidal anti-inflammatory drugs (NSAIDs) 1 week
before the procedure. Although all the endoscopic resections
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were elective procedures, we regarded them as high risk for
bleeding. Procedures were deferred in patients with a recently
placed vascular stent or acute coronary syndrome until the
patient received antithrombotic therapy for the minimum
recommended duration per current guidelines from rele-
vant professional societies. We discontinue anticoagulation
in patients with a low risk of thromboembolic events, and
continue the anticoagulation in patients at higher risk of
thromboembolic complications with bridging therapy. The
decision as to the optimal timing of re-initiation of antiplate-
let or anticoagulation therapy depends on procedure-specific
circumstances as well as the indications for antiplatelet and
anticoagulation as per the ASGE (The American Society for
Gastrointestinal Endoscopy) guidelines. After EMR, patients
were advised to take their proton pump inhibitor twice daily, to
remain on a clear liquid diet for the next 24 h, and to avoid use
of anticoagulants, antiplatelet agents, and NSAIDs for a week
depending on risk of bleeding. For patients with high risk for
thromboembolic event (e.g., prosthetic valve), we consult with
the patient’s cardiologist or other relevant provider to help
determine the optimal management of these patients. Gener-
ally, anticoagulation in high-risk patients could be started in
24-48h. Patients with mild chest discomfort attributed to the
EMR procedure were instructed to use acetaminophen. Verbal
instructions as well as patient instruction guide were given to
all patients and it was explained that they should contact one
of the study investigators and/or report to a local emergency
care facility if they exhibited gastrointestinal bleeding, ortho-
stasis, significant chest/abdominal pain, fever, or any other
alarm symptoms. There was a standard follow-up by a nurse
practitioner within 3-5 days to determine their status. Patients
were then followed with subsequent endoscopy according to
the protocol as previously reported (16). Complications were
assessed and documented by medical providers at subsequent
patient visits.

Complications

EMR-related complications such as bleeding, stricture, and per-
foration were assessed. Bleeding was considered a complication
when documented after the procedure and meeting one of the
following criteria: (i) significant drop in hemoglobin (>2mg/
dl) from baseline, (ii) patient required therapeutic interven-
tion for bleeding, (iii) patient required blood transfusion, or
(iv) bleeding was reported by the patient after the procedure
(delayed bleeding) and required hospitalization. Intraproce-
dural bleeding that was treated by clip was not considered as an
unanticipated complication in this study. EMR-induced stric-
ture was defined as a complication when it caused dysphagia
and necessitated endoscopic therapy (e.g., dilation). Stricture
cases were counted as EMR-induced only when clearly docu-
mented as post-EMR strictures on a procedure report. Unless
immediately recognized at the time of the procedure, any sus-
picion for perforation required confirmation by the presence
of free air on X-rays or contrast extravasation on a swallow
study.
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Statistical analysis

For descriptive statistics, mean (s.d.) was used in case of a normal
distribution of variables; median (interquartile range (IQR)) was
used for variables with a skewed distribution. Baseline continuous
data were compared using the two-sample ¢-test or the Wilcoxon’s
rank-sum tests depending on data normality. Baseline categorical
data were compared using the +2 test (Fisher’s exact test was used
when the expected value was small, <5). Baseline variables were
analyzed as factors affecting the complication rate using logistic
regression analysis. A P value of <0.05 was considered significant.
Statistical analysis was performed using JMP software (version
7.0, SAS Institute, Cary, NC).

RESULTS

A total of 765 patients were identified during the study period.
Of these, 681 patients were included in this study; 84 patients
(11%) underwent endoscopic therapy but were lost to follow-
up and could not be contacted after the procedure. Thus, 681
patients (562 men; mean age 70+11.4 years) underwent a total of
1,388 upper endoscopies and 2,513 EMR procedures. The maxi-
mum numbers of endoscopic resection per procedure session
were 7, and the median length of the BE segment was 3.0cm
(IQR 1-7). The pre-EMR diagnoses were: no dysplasia in 34
(2.4%), low-grade dysplasia in 89 (6.5%), HGD in 935 (67.2%),
mucosal EAC in 275 (19.9%), squamous metaplasia/carcinoma
in 12 (0.9%), and suspicion for EAC in 43 (3.1%). The median
follow-up period was 63 months (IQR 31-97). Long-term fol-
low-up refers to the time interval between the first endoscopic
procedure and the last date of contact. The pathological diag-
noses of EMR specimens were: no BE or no dysplastic BE in
66 (4.8%), low-grade dysplasia in 188 (13.5%), HGD in 872
(62.8%), and mucosal EAC in 262 (18.9%; Table 1). The number
of EMR performed per endoscopic session increased over the
study time period, and the mean diameter of EMR specimen
was ~10mm. With the introduction of commercially avail-
able EMR Kkits, especially the band-snare EMR kit in 2005, the
number of EMR performed per endoscopic procedure increased
significantly (P<0.05; Table 2). No EMR-related perforations
occurred during the study period.

The rate of symptomatic strictures after EMR was low at 1.0%
per patient (7 cases). None of the cases had used intervening
PDT and all strictures occurred with EMR only. All stricture
cases were successfully treated with endoscopic dilation (12 bal-
loon dilations and 2 Savary dilations in total). On average, two
dilations were needed to obtain long-lasting relief from strictures
(Table 2).

The rate for post-EMR bleeding was low at 1.2% per patient
(8 cases), and no patient bled more than once. In the eight cases
of post-EMR bleeding, seven were successfully treated with endo-
scopic modalities such as epinephrine injection, clips, and thermal
coagulation. One patient needed surgery to oversew the bleed-
ing site because of uncontrolled bleeding that did not respond to
epinephrine injection or clips. Four of the cases presented with
a significant drop in hemoglobin (>2mg/dl) from baseline and
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three of them required blood transfusions. Bleeding occurred at
a mean time of 2.5 days (s.d. 1.5) from the EMR procedure. Intra-
procedural bleeding treated by clip placement was performed in
4 (0.6%) subjects, and we used prophylactic clips in 54 (7.9%)
patients who had evidence of exposed/visible vessels on post-EMR
lesions. None of the patients with post-EMR bleeding had received
prophylactic clipping and no patient with post-EMR bleeding had
used NSAIDs or anticoagulation therapy. The mean length and
depth of EMR specimens in bleeding cases (1.2 and 0.5 cm, respec-
tively) were similar to those of the patients who did not bleed
(1.1 and 0.5 cm, respectively). One patient with post-EMR bleed-
ing did not tolerate PPI therapy (Table 3).

On univariate analysis, none of the various factors assessed
(e.g., age, length of BE, number of EMR performed, prior treat-
ments, and prior usage of NSAIDs or anticoagulants) correlated

Table 1. Baseline characteristics of patients

Patient (n) 681
1,388
70 (mean, £11.4)
562 (83%)
3 (median, IQR 1-7)

Procedure (n)

Age (years)

Male (n, %)

Length of BE (cm)
EMR diagnosis (n, %)

No BE or no dysplastic BE 66 (4.8%)

LGD 188 (13.5%)
HGD 872 (62.8%)
EAC 262 (18.9%)

BE, Barrett's esophagus; EAC, esophageal adenocarcinoma; EMR, endoscopic
mucosal resection; HGD, high-grade dysplasia; IQR, interquartile range;
LGD, low-grade dysplasia.

Table 2. Data summary for the patients

01/1995- 01/2001- 01/2002-
12/2000 12/2001 12/2002
Total number of procedure 79 59 64
sessions
Number of EMR 84 65 82
EMRs/session 1.1 1.1 13
Mean size of EMR 0.96 1.28 1.40
specimens (cm)
Number of PDT 66 b4 50
Number of strictures 0 2 0
due to EMR
Stricture (per procedure 0 3.4 0
session, %)
Bleeding (per procedure 1(1.3) 2(3.4) 1(1.6)

session, %)

EMR, endoscopic mucosal resection; PDT, photodynamic therapy.
Stricture due to EMR; when we saw a stricture without prior PDT.
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with the post-EMR bleeding or stricture rate. Even when we
clustered post-EMR bleeding and strictures together as the EMR
complications, no factors correlated with the complication.

A total of 935 EMR procedures were performed without PDT. Of
these, 515 EMR procedures were performed during a single endo-
scopic procedure, whereas 420 EMR procedures were conducted
as a repeat EMR during subsequent follow-up endoscopy in the
region of prior EMR. The mean size of the mucosectomy speci-
mens was 1.1 and 0.9 cm, respectively (P<0.05). There were no
significant differences, however, in the occurrences of post-EMR
bleeding (P=0.74) or symptomatic stricture (P=0.25) between the
two groups.

DISCUSSION

EMR is an accepted technique for the diagnosis and treatment
of dysplastic lesions in BE. However, the published data regard-
ing EMR-related complications are highly variable and limited
to small series (6-11). The expertise of those performing EMR is
often not disclosed in the available studies. To our knowledge, our
study is the largest series reported to date on the complications
of EMR in BE. Overall, in 1,388 procedural sessions with a total
number of 2,513 EMRs, only 8 bleeding episodes (1.2%) and 7
strictures (1.0%) occurred. Increased numbers of EMRs per endo-
scopic procedure over the study period were not associated with
increased incidence of stricture per procedure session. However,
it should be noted that the number of EMR resections per proce-
dure session remained low with a mean of two (range 1-7) even
toward the end of the study period, and a very small proportion
of patients underwent more than three EMR resections per one
procedure session. The lateral margins of EMR may be involved
with dysplasia and repeat EMR is often performed in this situ-
ation. Prior EMR generates fibrosis that can hinder attempts at
subsequent EMR or possibly increase the risk of complications.

01/2003- 01/2004-  01/2005- 01/2006- 01/2007- 01/2008-
12/2003 12/2004 12/2005 12/2006 12/2007 08/2008
92 177 215 193 291 212
104 223 387 411 668 489
1.1 13 1.8 2.1 2.3 2.3
1.13 1.00 1.05 0.96 1.04 1.00
25 39 36 26 24 20
0 1 0 1 1 2
0 0.6 0 0.5 0.3 0.9
0(0) 1(0.6) 0(0) 2 (1.0 0(0) 1(0.5)
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Table 3. Summary of the bleeding cases in our study

Pt Age Sex Technique Lesion
1 80 M Cap-snare Nodular
2 83 B Cap-snare Nodule
3 39 M Band-snare  Ulcer

4 74 M Band ligation  Nodular
B 75 M Cap-snare Nodule
6 62 M Cap-snare Flat

7 41 M Cap-snare Nodular
8 59 F Band ligation  Nodular

Safety of EMR for BE

Number of
EMRs Length Width Depth PPI
1 1.4 0.8 0.5 Yes
1 1.1 0.6 0.6 Yes
1 NR NR NR Yes
6 1 0.6 0.5 Yes
1 0.8 0.7 0.5 Yes
1 15 1 0.4 No
3 14 14 0.4 Yes
4 1.1 0.8 0.5 Yes

EMR, endoscopic mucosal resection; F, female; M, male; NR, not reported; PPI, proton pump inhibitor; Pt, patient.

Length, Width, and Depth show the length, width, and depth of resected specimens.

By our definition, nodule means discrete lesion (>1cm), whereas nodular means less discrete lesion (<1cm).

Our study, however, observed no significant differences in the
rate of complications between patients who underwent a single
EMR session and those who underwent repeat EMR at follow-up
endoscopy.

Given the evidence that surgical resection of the esophagus
for HGD or mucosal EAC in BE is associated with a significant
mortality and morbidity even in high-volume experienced centers
(17), and that esophagectomy is often considered to be inappro-
priate especially for elderly patients with significant comorbidities,
endoscopic therapy has emerged as an alternative to surgery. Over-
all survival in patients with both HGD and mucosal EAC when
treated endoscopically has been reported to be comparable to sur-
vival in patients treated surgically (16,18,19). Therefore, the accu-
rate diagnosis and staging of dysplastic lesions in BE with EMR is
critical. We have previously reported that EMR in patients with
BE leads to a change in grading of dysplasia/neoplasia in as many
as 40% of patients (20). Hence, a large proportion of EMRs per-
formed at our institution are for diagnosis and/or staging of dys-
plastic lesions in BE. We used EMR to remove focal lesions, but did
not use this technique for widespread resection during this time
period. With the median follow-up of 63 months, 77% of patients
who underwent endoscopic resections remained free of dysplasia
on subsequent surveillance endoscopy. Of these subjects, dysplasia
was observed in 22% on further surveillance endoscopy. As most
EMRs performed in our cohort were for diagnosis and/or staging
of dysplastic lesions, it is difficult to assess in our study whether
the dysplasia detected on subsequent endoscopy is “new” dysplasia
(recurrence) or sampling error.

Though there have been no studies to confirm a correlation
between the size of specimen and the rate of bleeding in EMR of
BE (21-23), it seems likely that such a relation exists, and previ-
ous studies in patients who underwent EMR for gastric lesions
have confirmed this relationship (24,25). The mean length of EMR
specimen in this study (~10 mm) was smaller than that in previous
report, although specimens were measured after fixation in forma-

© 2013 by the American College of Gastroenterology

lin rather than after being freshly mounted, which could account
for some of the differences. The size of resection was generally con-
trolled by estimating amount of tissue suctioned into the cap.

We used the cap-snare technique if patients had undergone
prior treatment with either EMR or PDT, as prior scarring usually
makes tissue difficult to band. In addition, if patients had lesions
that required less than three EMR resections performed during
one endoscopic procedure, we used the cap technique because it
is less costly. Band ligation technique was used for the first EMR
or for patients who required three or more EMR resections per-
formed during one endoscopic procedure.

In our study, the overall rate of bleeding after EMR was 1.2%,
which is lower than the post-EMR bleeding rates reported in other
studies (6-11). The low rate of EMR-related bleeding should be
interpreted with caution. Potential explanations for these differ-
ences include the use of prophylactic clipping in patients whom
we judged to be at high risk for delayed bleed, the definition of
EMR-related bleeding in our study, and the performance of EMR
at our institution by endoscopists who are expert in the field of
Barrett’s therapy. We used prophylactic clips in 54 (7.9%) patients
who had evidence of exposed vessels on post-EMR lesion. None
of the patients with delayed bleeding had received prophylactic
clipping or used NSAIDs or anticoagulation therapy. Our study
did not allow us to assess an advantage of clip placement over the
alternative technique of cauterization of exposed vessels or bleed-
ing sites.

It should be noted that bleeding in our study was only recorded
when clinically relevant and when it met one of our criteria, and
that intraprocedural bleeding treated by clip (0.6%) was not con-
sidered as bleeding in this study. The definition of EMR-related
bleeding is different among previously reported studies. Two well-
designed studies on EMR of neoplasia in BE reported bleeding
rates. One study reported 11% of patients in whom only minor
bleeding occurred which was treated successfully in all cases
by injecting saline solution-diluted epinephrine. These patients
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did not require blood transfusion, clipping for hemostasis, or
bleed with a decrease in hemoglobin of 2g/dl (9). Another study
reported that 13% of patients experienced minor bleed and none
experienced a drop in hemoglobin of >2g/dl (11). The rate of
bleeding in our study is similar to the reported rate of 1% after
EMR with the cap technique by using the same definition of
EMR-related bleeding (26). A recent large study on safety of
multiband mucosectomy in BE has reported low rate (2.1%) of
EMR-related bleeding (27). Given our results, bleeding rate is
likely to be similar to that reported in a recent large study when we
count intraprocedure bleed.

One study has recently been published on the learning curve of
endoscopic mucosal resection of esophageal neoplasia (28). The
study evaluated the results of the first 120 esophageal endoscopic
resection procedures performed by six endoscopists who partici-
pated in an intense, structured training program. The first 10 endo-
scopic resections per endoscopist were compared with the second
10 endoscopic resections per endoscopist. There were no signifi-
cant differences in the rate of complications or rate of incomplete
endoscopic resections. Although some studies suggested a positive
learning curve (an increase in complete endoscopic resection and
a decrease in complication rate) in endoscopic mucosal dissection
of gastric tumors (29-31), there are no other studies on the learn-
ing curve of EMR of esophageal neoplasia. Endoscopic resection
of esophageal lesions is a complex procedure and there is hetero-
geneity in appearance and location of mucosal lesions. Endoscopic
resection consequently may have a long learning curve and a
higher number of endoscopic resections may be associated with a
positive learning curve. In our study, there was no significant dif-
ference in the rate of complications in the first half and the last half
study period. Although we reported a large number of endoscopic
resection cases per endoscopist over a relatively long period, the
analysis of the learning curve effect on the rate of complications
in this study was inconclusive, primarily because of the low rate of
complications.

The procedures were primarily performed on an outpatient
basis. There is also the possibility that patients did not report com-
plications, although this is unlikely given the routine follow-up
telephone contacts.

The rate of symptomatic strictures after EMR was 1.0% per
patient. All strictures occurred with EMR only and none of the
cases had intervening PDT. The low rate of stricture in our series
is likely related to the limitation of EMR to <50% of the Barrett’s
circumference for a given endoscopic session and to the intent of
EMR. Resection of at least 50% of the esophageal mucosal circum-
ference was reported to be strongly associated with stricture for-
mation by a retrospective analysis of EMR monotherapy for BE
(32). Two large studies on EMR of BE with curative intent reported
higher rates of symptomatic stenosis (27,33). Chennat et al. (33)
reported a study of 106 EMR procedures with the intent of com-
plete Barrett’s eradication. The patients in that study underwent an
average of 4.5 EMR sessions and the number of EMR procedures
was statistically associated with stricture formation. The study of
multiband mucosectomy in 1,060 BE patients by Alvarez Herrero
et al. (27) reported the rate of symptomatic stenosis in both the
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focal EMR group (average of two resections per EMR procedure)
and the (stepwise) radical EMR group (average of five resections
per EMR procedure). No symptomatic stenosis occurred in the
focal EMR cohort, whereas 48% of patients in the radical EMR
cohort developed symptomatic stenosis. The low rate of sympto-
matic stricture in our study is similar to that in the cohort with-
out curative intent in the study by Alvarez Herrero et al. (27). The
length of BE segment and presence of mucosal EAC on pretreat-
ment biopsy specimens were identified as a risk factor of stricture
development after PDT in the previous studies (14,34). It was sug-
gested that the odds for stricture formation increased by 10% for
every 1cm increase in the length of BE (14). In comparison with
the previous studies, the relatively short segment of BE and lower
rate of mucosal EAC on pretreatment biopsy specimens in our
study may explain the fact that no stenosis occurred in the EMR
combined with PDT cohort.

The main strength of our study is the large number of cases and
procedures. Limitations include the retrospective study design in
the single tertiary care referral center setting. The fact that 99%
of the procedures were performed by a single endoscopist also
poses a limitation to external validity. Also, 11% of the patients
who underwent endoscopic therapy did not have follow-up after
the procedure. It is possible that some of them developed compli-
cations and this may underestimate the rate of complications in
our cohort. Another limitation in our study is that we observed
such few complications that none of the various factors assessed
(e.g., age, length of BE, number of EMR performed, prior treat-
ments, and prior usage of NSAIDs or anticoagulants) correlated
with post-EMR bleeding or stricture rate. There is the possibility
of a type II error for this analysis. Patients undergoing EMR in our
study were relatively old and tended to have comorbidities. We do
follow a careful protocolized approach to EMR with prophylactic
clipping in high-risk patients, management of anticoagulation,
and consideration of comorbidities. We think this is an important
practical element of EMR procedures, particularly for relatively
high-risk patients.

In conclusion, we report the complication rates in the largest
series of EMR in BE. In this retrospective study, EMR for BE was
associated with a low rate of complications for selected patients
when performed by experienced hands, which partially justifies
the use of this technique as a diagnostic procedure.
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Study Highlights

WHAT IS CURRENT KNOWLEDGE

Endoscopic mucosal resection (EMR) is an established
technique for the management of Barrett’s esophagus (BE)
and is generally perceived to be a relatively safe procedure.

However, the published data regarding EMR-related com-
plications are quite variable and the expertise of those
performing EMR is often not disclosed. Limited information
is available in a large patient cohort.

WHAT IS NEW HERE
\/This is the largest series reported to date of EMR in BE.

/The rate of postprocedural bleeding after EMR was 1.2%
with the use of prophylactic clip; 1.0% of patients
developed symptomatic stricture.

EMR for BE is associated with a low rate of complications
for selected patients when performed by experienced
hands.
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