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Background/Aims: Stricture formation is a common complication after endoscopic mucosal resection. Predictors of stricture formation
have not been well studied.

Methods: We conducted a retrospective, observational, descriptive study by using a prospective endoscopic mucosal resection database
in a tertiary referral center. For each patient, we extracted the age, sex, lesion size, use of ablative therapy, and detection of esophageal
strictures. The primary outcome was the presence of esophageal stricture at follow-up. Multivariate logistic regression was used to ana-
lyze the association between the primary outcome and predictors.

Results: Of 136 patients, 27% (n=37) had esophageal strictures. Thirty-two percent (n=44) needed endoscopic dilation to relieve dys-
phagia (median, 2; range, 1 to 8). Multivariate logistic regression analysis showed that the size of the lesion excised is associated with in-
creased odds of having a stricture (odds ratio, 1.6; 95% confidence interval, 1.1 to 2.3; p=0.01), when controlling for age, sex, and ablative
modalities. Similarly, the number of lesions removed in the index procedure was associated with increased odds of developing a stricture
(odds ratio, 2.3; 95% confidence interval, 1.3 to 4.2; p=0.007).

Conclusions: Stricture formation after esophageal endoscopic mucosal resection is common. Risk factors for stricture formation in-

clude large mucosal resections and the resection of multiple lesions on the initial procedure.
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INTRODUCTION

The incidence of esophageal adenocarcinoma (EAC) and
high-grade dysplasia (HGD) found in Barrett esophagus (BE)
has been increasing."” Esophagectomy, once a traditional
therapy for HGD and intramucosal EAC, has been associated
with serious morbidity and mortality.”” Therefore, endoscop-
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ic therapy has been increasingly used to treat HGD and early
mucosal adenocarcinoma in many institutions. Such endo-
scopic therapy usually consists of endoscopic mucosal resec-
tion (EMR) of the suspicious lesions, followed by ablation
therapy to treat any residual dysplasia. EMR is also used to
histologically stage the tumor. Many ablative therapies are
now in use, including radiofrequency ablation (RFA), cryo-
therapy, photodynamic therapy (PDT), and argon plasma co-
agulation (APC).*" Esophageal stricture formation is one of
the most common complications and can occur in up to 70%
of patients."" Lesions with a >50% esophageal circumference
and a patient history of tobacco use were associated with an
increased likelihood of stricture formation."” Several other
factors may influence stricture formation, such as the size and
number of resected lesions and the type of ablative modality
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employed. Our study aimed to investigate the potential effects
of lesion size and ablation technique on the risk of post-EMR
stricture formation.

MATERIALS AND METHODS

Data collection

We conducted a retrospective, observational, descriptive
study by using a prospective EMR database. Our database
contained information on 175 patients who had undergone
esophageal EMRs at a tertiary referral center from May 2003
to June 2010. Patients were usually referred because of a diag-
nosis of dysplasia or nodules in addition to BE. Patients were
included if they had at least one follow-up esophagogastrodu-
odenoscopy (EGD) after the EMR or if a procedural compli-
cation, including dysphagia, was reported by the patient or
their primary physician. In addition to our database, we also
used the electronic medical record. Extracted data included
age, sex, size of the excision, aspirin/nonsteroidal anti-inflam-
matory drug use, previous diagnosis of BE, maximum BE seg-
ment length, histology of disease, use of ablative therapies
pre- and post-EMR (including PDT, RFA, APC, and cryother-
apy), EMR technique, number of EMRs (if applicable), histo-
ry of esophagectomy, follow-up times, presence of esopha-
geal strictures, severity of the strictures, need for dilation, and
number of dilations needed. We used the largest reported di-
mension of the lesion on EGD as representing the lesion size.
The primary outcome was the presence of esophageal stric-
tures on follow-up EGD. Most of our patients had long-term
follow-up at our institution. Otherwise, the patient’s status
was obtained from the referring physician’s office.

Standard protocol

Patients were first evaluated by an experienced gastroenter-
ologist, by using a standard protocol that included a review of
medical history and a computed tomography scan of the chest,
abdomen, and pelvis. Patients were then evaluated by using
EGD with advanced imaging modalities such as high-defini-
tion white light, narrow-band imaging, and probe-based con-
focal endomicroscopy to detect suspicious lesions such as
raised nodules, discrete lesions, or flat lesions associated with
abnormal mucosal or vascular features of neoplasia. At an-
other appointment, patients underwent endosonography with
staging of possible cancers and, if indicated, fine needle aspi-
ration of lymph nodes suspicious for the presence of neopla-
sia. If there was no evidence of locally advanced disease, EMR
was used to remove suspicious areas. Patients were considered
for surgery if they had a confirmed diagnosis of EAC with
positive deep resection margins on EMR, or if they had fea-
tures suggestive of a risk for locally advanced disease. For pa-
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tients who had undergone piecemeal resection and who had
carcinoma at the edge of one of the pieces, surgical triage was
individualized based on the endoscopic assessment of wheth-
er the endoscopist felt that a radical resection (R0) had been
achieved since the true lateral margins could not be assessed.
For patients who did not undergo surgery, surveillance was
performed at 2- and 3-month intervals with ablative therapy
and biopsy or EMR of any remaining metaplasia. After com-
plete eradication of Barrett metaplasia, patients received en-
doscopy with surveillance biopsy of the neosquamous epithe-
lium at yearly intervals.

Endoscopic mucosal resection

Methods of EMR have been described in detail."* Most
EMR procedures were performed with the multiband muco-
sectomy method (DT-6-5F; Cook Medical, Bloomington, IN,
USA) to remove the most suspicious lesions. For lesions sus-
pected or proven to be an adenocarcinoma, a “rosette pattern”
of four to six additional resections was then performed to
completely remove the tissue around the index resection mar-
gin (Fig. 1). Up to 75% of the lumen circumference can be re-
sected. APC was used to ablate the mucosal bridges between
these resections. Index lesions >3 c¢m in diameter were re-
moved using the cap technique with Olympus accessories (K-
008; Olympus America Inc., Center Valley, PA, USA). In a
few patients, EMR was done by injection and a standard en-
doscopic snare, without the use of cap or band techniques.

Endoscopic ablation therapies

Before ablation therapy, which included RFA, PDT, APC,
and cryotherapy,'*"*"'® patients were prescribed high doses of
a proton pump inhibitor medication, such as 40 mg omepra-
zole by mouth twice daily, once before the morning and eve-
ning meals, to aggressively control acid reflux. Patients re-
turned for treatment every 3 to 6 months until all esophageal
glandular mucosa had been successfully ablated and replaced
with a neosquamous epithelium. Surveillance endoscopy was
then performed every 6 to 12 months thereafter to detect and
treat any recurrent or residual Barrett mucosa.

Stricture severity and dilation

Based on previous studies,” a stricture was defined as a
narrowing in the lumen of the esophagus, identified on fol-
low-up endoscopy, regardless of the presence of dysphagia.
The severity of esophageal strictures was classified as mild if it
allowed easy passage of a standard endoscope (outer diameter
9.8 mm, Olympus GIF H-180; Olympus America Inc.). Mod-
erate strictures were defined as those that allowed passage of
the standard endoscope with some resistance. Severe stric-
tures were those that did not allow the passage of the standard



Fig. 1. Endoscopic mucosal resection with the “rosette” technique. (A) Esophageal nodule in the background of Barrett's esophagus as seen
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in high-definition white light. (B) Same nodule as seen in narrow-band imaging. (C) Mucosal defect after resection of the nodule. (D) Large mu-
cosal defect after completion of the rosette resection. (E) Specimens embedded on paraffin wax. (F) Endoscopic view of an esophageal stric-

ture post endoscopic mucosal resection (before dilation).

diagnostic endoscope. Most dilations were done with Savary-
Gilliard dilators with a guide wire (Cook Medical) (Fig. 1).
The size of the dilator used varied by patient and degree of
stricture, following the “rule of three”

Statistical analysis

We used SAS version 9.2 (SAS Institute, Cary, NC, USA)
for statistical analysis. For continuous variables, we used the
Wilk-Shapiro test to assess normality. For normal variables,
we reported means and standard deviations. For nonnormal
data, we reported medians and interquartile ranges or ranges.
For discrete data, we reported proportions. We used Student
t-test to assess for differences between two means for normal
data, whereas we used the Wilcoxon ranks sum test for con-
tinuous nonnormal data. We used Fisher exact or chi-square
tests to assess for differences between proportions in different
categories. We used univariate logistic regression analysis to
assess the association between the primary outcome (presence
of esophageal strictures) and potential predictors. Variables
that reached significance in univariable analysis with p<0.2
were included in multivariate logistic regression analysis. Re-
sults are reported as odds ratios (ORs) with 95% confidence
intervals (Cls) and p-values (<0.05 was used for statistical sig-
nificance). This study was reviewed and approved by the Mayo
Clinic Institutional Review Board.

RESULTS

We identified 136 patients who underwent EMR of esopha-
geal lesions. Indications for the procedures included esopha-
geal nodules or a history of HGD or EAC. All patients had at
least one follow-up EGD. Overall, 27% (n=37) were found to
have esophageal strictures. We reviewed the patient and pro-
cedure characteristics for the study population by dividing the
cohort into two groups. The nonstricturing group consisted
of 99 patients who did not develop strictures on follow-up
EGD. The stricturing group consisted of 37 patients who de-
veloped esophageal strictures. The mean age for the nonstric-
turing group was similar to the stricturing group (70£10
years vs. 72110 years, p=0.43). Most (>83%) of the patients
in both groups were men. The median lesion size, number of
EMR sessions, and follow-up times were similar between the
two groups (Table 1).

The EMR methods were similar in both groups. The most
common technique was the Duette system (multiband muco-
sectomy), which was used in >60% of the cases. The second
most common technique was the cap-assisted technique,
which was used in 24% of patients in the nonstricturing
group and in 19% of patients in the stricturing group (p=0.51).
The rosette technique, described earlier, was employed in a
minority of patients: 8% in the nonstricturing group and 14%
in the stricturing group. Nineteen percent of patients in the
stricturing group had a history of post-EMR surgery com-
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pared with 10% of patients who did not develop strictures.
Sixty-five percent of patients who developed strictures had a
history of being treated with RFA compared with 56% of pa-
tients with no esophageal strictures. Twenty percent of pa-
tients who developed strictures had a history of treatment with
PDT compared with 18% of patients who did not develop
strictures. Patient characteristics are summarized in Table 1.

Post-EMR tissue diagnoses were most commonly adeno-
carcinoma (31% of nonstricturing vs. 41% in stricturing
group) and HGD (29% in nonstricturing vs. 38% in the stric-
turing group). Other diagnoses were less common. Those are
summarized in Table 2. If more than one lesion was resected
with EMR in the index procedure, we reported the specimen
with the highest grade of histology based on the modified Vi-
enna classification.”

Among the 37 patients who developed esophageal stric-

tures, all responded well to endoscopic dilation with resolu-
tion of their dysphagia. For patients who required dilation,
the median number of dilations was two (range, 1 to 8). Mild
strictures, allowing the passage of a regular-sized EGD scope,
occurred in 13% (n=18) of all patients. Moderate or severe
strictures occurred in 14% (n=19) of all patients. As shown in
Table 1, univariate analysis of various EMR techniques showed
no significant association with developing strictures. This was
also true for the various ablative therapies (Table 1).

On univariable analysis, age, sex, PDT, and RFA did not
have a significant association with stricture formation (Table
3). Based on our preset criteria, the number of lesions, the size
of the lesion, and a history of esophageal surgery were includ-
ed in a multivariate logistic regression analysis. Lesion size
was associated with increased odds of having a stricture (OR,
1.5; 95% CI, 1.1 to 2.0; p=0.027). This means that for each 1

Table 1. Baseline Characteristics of 136 Patients Who Underwent EMR

Characteristic Nonstricturing (n=99) Stricturing (n=37) p-value

Mean agexSD, yr 70£10 72%10 0.47
Percent males, % (1) 83(82) 89 (33) 0.36
Median lesion size (range), cm 1(0.3-6) 1.2 (0.5-7) 0.3
Median follow-up time (range), mo 16 (1-130) 18 (5-58) 0.43
Median number of lesions resected on initial EMR (range) 1(1-3) 1(1-6) 0.059
Median number of EMR sessions (range) 1(1-2) 1(1-4) 0.8
EMR method, % (1)

Duette (DT-6-5F; Cook Medical) 61 (60) 62 (23) 0.87

Rosette (DT-6-5F; Cook Medical) 8(8) 14 (5) 0.34

Cap-assisted (K-008; Olympus America Inc.) 24 (24) 19 (7) 0.51

Snare only (no cap or band) 7(7) 5(2) 0.73
EUS before EMR, % (1) 83(82) 78 (29) 0.47
Ablation modality, % (1)

RFA 56 (55) 65 (24) 0.33

PDT 18 (18) 25(9) 0.38

Cryotherapy (liquid nitrogen) 7(7) 3(1) 0.34

APC 10 (10) 502) 039

EMR, endoscopic mucosal resection; SD, standard deviation; EUS, endoscopic ultrasound; RFA, radiofrequency ablation; PDT, porfimer so-

dium photodynamic therapy; APC, argon plasma coagulation.

Table 2. Histological Diagnosis Based on Endoscopic Mucosal Resection Specimens

Diagnosis Nonstricturing group (1n=99) Stricturing group (n=37)
Adenocarcinoma 31(31) 41 (15)
High-grade dysplasia 29 (29) 37 (14)
Low-grade dysplasia 16 (16) 16 (6)
Nondysplastic Barrett esophagus 5(5) 3(1)
Squamous cell carcinoma 1(1) -

Granular cell tumor 1(1) -
Normal mucosa/inflammation 16 (16) 3(1)

Values are presented as % (number).
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Table 3. Associations between Esophageal Strictures and Various Predictors Based on Univariable and Multivariable Analyses

) Univariable analysis Multivariable analysis
Variable
OR (95% CI) p-value OR (95% CI) p-value

Age, yr 102 (0.98-1.06) 0.40 - -
Female sex 0.59 (0.2-1.9) 0.37 - -
No. of lesions removed 1.8 (1.1-3.1) 0.03 2.1(1.2-3.6) 0.027
Size of lesion removed, cm 1.4 (1.04-2.0) 0.03 1.5 (1.1-2.0) 0.027
History of esophageal surgery 2.1(0.7-5.9) 0.17 2.1(0.7-6.3) 0.20
Porfimer sodium photodynamic therapy 1.5 (0.6-3.7) 0.38 - -
Radiofrequency ablation 1.5 (0.7-3.2) 0.33 - -

OR, odds ratio; CI, confidence interval.

cm increase in lesion size, there was a 50% increase in the
odds of developing esophageal stricture. Similarly, the num-
ber of lesions removed in the initial procedure was associated
with increased odds of developing a stricture (OR, 2.1; 95%
CI, 1.2 to 3.6; p=0.027). Therefore, for each additional lesion
removed on EMR, the odds of developing esophageal stric-
ture doubled.

DISCUSSION

Recent data suggest that the incidence of EAC has been in-
creasing.”” Similarly, endoscopic options for managing HGD
or early adenocarcinoma of the esophagus have become more
common. Many patients, especially the elderly, are often not
suitable candidates for surgery and may prefer endoscopic
therapy. The use of EMR for the treatment and staging of
esophageal disease is now well described. Major centers in the
United States and Europe offer endoscopic therapy as a first-
line therapy for intramucosal EAC. Ablative therapies with
RFA, PDT, and cryotherapy have also been well studied and
published.7,8,12714,16,18

As reported here, esophageal strictures are among the most
common complications after esophageal EMR. Several stud-
ies have estimated the rate of post-EMR strictures to be 4% to
70%."*"* To our knowledge, only a few studies have looked
at possible predictors of strictures.'>* Prasad et al.” reviewed
131 patients with HGD who underwent post-EMR PDT. They
reported a stricture rate of 27%, which is similar to what we
report in this study. Their study, however, focused on patients
who have had PDT. They found that EMR before PDT was a
predictor of stricture formation. In our study, PDT was done
in a total of 27 patients. As seen in univariable analysis, nei-
ther PDT nor RFA caused an increased risk of stricture for-
mation in our patient cohort. This may be due to the smaller
number of patients who had PDT in our population as com-
pared with the study of Prasad et al.*

Our current study showed that the size of the EMR is cor-

related with an increased risk of stricture development, inde-
pendent of the EMR technique and the number of lesions re-
moved. These results echo the findings by Lewis et al.,”* who
reported that the number of lesions resected was associated
with increased risk for strictures. The results are also in agree-
ment with Katada et al.,” who found a higher rate of stric-
tures if the EMR involved >75% of the esophageal circumfer-
ence. In those studies, this association was only found on a
univariate analysis, which is prone to confounding. To our
knowledge, our study is the first to confirm the above findings
based on a multivariate analysis controlling for possible con-
founders.

A more recent study by Chung et al.* focused on strictures
that occur after complete Barrett resection. They showed that
the number of resections on the initial EMR was associated
with increased odds of developing stricture (OR, 1.6). This is
very similar to our OR of 2.1. However, our cohort included
mostly patients who underwent EMR followed by ablative
therapy, whereas Chung et al. studied patients who had EMR
only with complete Barrett eradication (CBE). In practice,
many patients undergo EMR and ablative therapy. Therefore,
we believe that our analysis may be more reflective of current
treatments and that it offers insight to the predictors of stric-
ture formation in those patients. Interestingly, the percentage
of patients who needed esophageal dilation in the Chung
study was 33%. This is very similar to the percentage of pa-
tients who needed dilation in our study (32%). Based on the
Katada study, one may have expected higher rates of strictures
in patients who undergo CBE. However, our data suggest that
EMR followed by ablative therapy may have a similar rate of
stricture formation as that of CBE. Therefore, CBE may be a
safe alternative to EMR and ablative therapy.

The rosette pattern of four to six additional resections, after
the initial band-assisted EMR, was performed in a minority
of patients in this cohort. This usually resulted in resection of
up to 75% of the lumen circumference. Based on the above
results, we expected to find an increased risk of stricture for-
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mation with this technique when compared to others. There-
fore, we performed a subanalysis to estimate the risk of stric-
tures in patients who have undergone this technique while
controlling for age, sex, size of lesion, and ablation technique.
There was a trend of more strictures in the rosette group;
however, it was not statistically significant (OR, 1.6; 95% CI,
0.5 to 5.9; p=0.4). This is likely due to the small number of pa-
tients who underwent this procedure (n=14).

Many patients had more than one suspicious area that was
resected in the initial procedure. In this study, we showed that
resection of each additional lesion on the index procedure
doubles the odds of esophageal stricture formation. Based on
these results, if multiple EMRs are needed, the lesions appear
to be low risk (no dysplasia or low-grade dysplasia on biop-
sies), and the patient is at low risk of adenocarcinoma (young-
er patients, nonsmokers, no family history of esophageal
cancer), the clinician could consider doing EMRs on separate
sessions. This may reduce the risk of stricture formation. How-
ever, such association needs to be further evaluated in a pro-
spective manner. In addition, for patients at high risk of
esophageal cancer (biopsies showing adenocarcinoma or
HGD, older patients, history of smoking, family history of
esophageal cancer), all suspicious lesions should be resected
at the index procedure knowing that there is an increased risk
of esophageal stricture formation. The rate of stricture forma-
tion in our cohort was similar to other studies with EMR fol-
lowed by ablation.”>*® In addition, all strictures were success-
fully treated with endoscopic dilation. In all patients, this
resulted in the resolution of symptoms but did not cause any
complications (bleeding or perforation).

Of note, some patients had post-EMR esophagectomy.
These were patients who had adenocarcinoma, HGD, and
who elected to have surgery. Data reporting and analysis on
those patients were done before the esophagectomy, as some
patients had esophagectomy long after EMR. Some had
esophageal strictures after EMR but before esophagectomy;
they were included and analyzed in this study. Once the
esophagus is removed, esophageal strictures cannot be ana-
lyzed.

Our study has several limitations, including the retrospec-
tive design, small sample size, and the fact that it was done in
a single tertiary care center. We did not have reliable informa-
tion on the percentage of esophageal circumference that was
resected on all patients. Therefore, we did not analyze for this
outcome specifically. However, intuitively, the size of the le-
sion and the number of resections are correlated with the cir-
cumferential area of resection (the bigger the size and the
more resections, the higher the percentage of circumference
resected). Therefore, our larger study confirms the results of
the studies by Lewis et al.'> and Chung et al.** Additionally,
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injection of steroids to treat or prevent esophageal strictures
has become a hot topic recently.”** None of our patients re-
ceived steroid injections; therefore, this issue was not dis-
cussed in our study. As more evidence accumulates, steroids
may be studied and used. Another limitation is the lack of in-
formation about the presence and size of hiatal hernias in this
cohort. Having recognized the above limitations, this study is,
to our knowledge, the largest study to address the predictors
of esophageal stricture formation, and the results of the study
are an important contribution to the existing body of litera-
ture about this important complication.

In conclusion, we have found that post-EMR and postabla-
tive therapy stricture formation is the most common compli-
cation. Removing larger lesions and removing several lesions
in the index procedure seem to be associated with a higher
risk of developing esophageal strictures. The effect of post-
EMR ablative modality seems similar among the different
techniques, with PDT and RFA showing a trend toward more
stricture formation when used post-EMR. Larger prospective
studies are needed to assess the risks of post-EMR and post-
RFA stricture formation compared with CBE.
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