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Abstract
Introduction Radiofrequency ablation (RFA) ± endoscopic resection (EMR) is an established treatment strategy for neoplastic
Barrett’s and intramucosal cancer. Most patients are managed with proton pump inhibitors. The incidence of recurrent Barrett’s
metaplasia, dysplasia, or cancer after complete eradication is up to 43 % using this strategy. We hypothesize the addition of
fundoplication should result in a lower recurrence rates after complete eradication.
Methods Multi-institutional retrospective review of patients undergoing endotherapy followed by Nissen fundoplication
Results A total of 49 patients underwent RFA ± EMR followed by Nissen fundoplication. Complete remission of intestinal
metaplasia (CR-IM) was achieved in 26 (53 %) patients, complete remission of dysplasia (CR-D) in 16 (33 %) patients, and 7
(14 %) had persistent neoplastic Barrett’s. After fundoplication, 18/26 (70 %) remained in CR-IM. An additional 10/16 CR-D
achieved CR-IM and 4/7 with persistent dysplasia achieved CR-IM. One patient progressed to LGD while no patient developed
HGD or cancer.
Conclusion Endoscopic therapy for Barrett’s dysplasia and/or intramucosal cancer followed by fundoplication results in similar
durability of CR-IM to patients being managed with PPIs alone after endoscopic therapy. However, fundoplication may be
superior in preventing further progression of disease and the development of cancer. Fundoplication is an important strategy to
achieve and maintain CR-IM, and facilitate eradication of persistent dysplasia.

Keywords Barrett’s . Antireflux surgery .

Esophageal cancer . Endoscopy

Introduction

Endoscopic therapy using radiofrequency ablation (RFA),
with or without endoscopic mucosal resection (EMR) is the
dominant treatment strategy for the management of dysplastic
Barrett’s esophagus and intramucosal adenocarcinoma.1

,2 The
majority of patients undergoing treatment are managed with
maximal dose proton pump inhibitors (PPIs) following endo-
scopic intervention. This treatment strategy has been proven
to eradicate dysplasia and early cancers in up to 87 % of
patients at early follow-up. However, recurrence rates of up
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to 43 % at 24 month after initial eradication have been report-
ed and as many as 8 % of patients progress to develop
cancer.3

–6 One hypothesis to explain the high rate of recur-
rence after endoscopic therapy is ineffective long-term acid
suppression and in particular incomplete control of weakly
acidic reflux.7 Laparoscopic Nissen fundoplication is an at-
tractive alternative to long-term PPI therapy because it pro-
vides effective control of all types of reflux regardless of
pH,8

,9 addresses the pathophysiology of GERD, restores the
pH gradient thus impacting goblet cell density and bile acid-
induced carcinogenesis,10 and may resolve deleterious geno-
mic changes secondary to reflux.11 Prior studies combining
laparoscopic fundoplication with endoscopic therapy have
demonstrated a lower recurrence rate when compared to
RFA with or without EMR and long-term PPI therapy or
showed no difference in recurrence.12

,13 However,
fundoplication in these studies was applied prior to, concom-
itantly with, or after endoscopic treatment. We hypothesized
that laparoscopic fundoplication rather than long-term PPI
treatment after endoscopic therapy should result in a lower
rate of recurrence and lower rate of progression compared to
historical controls.

Materials and Methods

We performed a multi-institutional, retrospective review of
patients with Barrett’s metaplasia, dysplasia, and/or
intramucosal cancer that underwent endoscopic therapy
(RFA ± EMR) followed by laparoscopic fundoplication. Five
separate surgical units with a subspecialty interest in esopha-
geal disease and experience in endoscopic therapy agreed to
participate: Swedish Cancer Institute, The Oregon Clinic, Uni-
versity of Southern California Divisions of General and Tho-
racic Surgery, and the University of Rochester. The institu-
tional review board at each participating unit approved the
study. Individual consent was waived due to the retrospective
nature of the study.

Patients were included in the study if they had biopsy-
proven Barrett’s esophagus with or without dysplasia or
intramucosal adenocarcinoma. All patients were required to
undergo endoscopic therapy with radiofrequency ablation to
eradicate the Barrett’s segment. In addition, patients with nod-
ular or raised Barrett’s esophagus underwent endoscopic mu-
cosal resection at the discretion of the treating surgeon. Endo-
scopic therapy was stopped at the discretion of the treating
surgeon and the patient then underwent laparoscopic
fundoplication. Patients were excluded if they had a
fundoplication prior to endoscopic therapy.

Data collected included demographic and baseline GERD
characteristics. Pathology reports were reviewed to determine
the presence or absence of intestinal metaplasia, dysplasia, or
intramucosal cancer. When available, a combination of upper

endoscopy, post-operat ive pH test ing, or barium
esophagograms were reviewed to determine if reflux was
present, if a recurrent hernia existed, or if the fundoplication
had failed. Student’s t test was used for continuous variables
and chi squared for categorical variables. Durability was cal-
culated using the Kaplan–Meier method on SPSS 19.

Definitions and Endpoints

Patients were grouped after endoscopic therapy by the clear-
ance of disease. Complete remission of intestinal metaplasia
(CR-IM) was defined as the absence of all dysplasia and in-
testinal metaplasia on at least one set of biopsies following
endoscopic therapy and continuing to the most recent biopsy
prior to fundoplication. Complete remission of dysplasia (CR-
D) was defined as the absence of dysplasia but the persistence
of intestinal metaplasia on the most recent biopsies before
fundoplication was performed. Patients who were indefinite
for dysplasia or who achieved CR-IM but were then discov-
ered to have recurrent intestinal metaplasia prior to
fundoplication were included in this group. Patients with per-
sistent low-grade (LGD) or high-grade (HGD) dysplasia de-
spite endoscopic therapy and who underwent fundoplication
as Bsalvage^ therapy comprised the last group.

Durability wasmeasured from the date of the biopsies dem-
onstrating CR-IM after endoscopic therapy and before
fundoplication to the most recent biopsies. Recurrence was
diagnosed if intestinal metaplasia or dysplasia was identified
after CR-IM. For patients who had CR-D or persistent dyspla-
sia before fundoplication, durability was not ascertained, but
the absence of progression to a worse histological diagnosis
and the ability to achieve CR-IM or CR-D on last biopsy were
considered as additional endpoints.

Endoscopic Treatment Protocols

The application of EMR and RFAwere not standardized in the
study; however, each institution’s protocol was very similar
and several general principles were followed.14

–16 First, nod-
ular or raised areas of Barrett’s esophagus usually underwent
aggressive EMR to determine the depth of involvement and
eradicate visible disease. Second, radiofrequency ablation was
applied using 12 kJ for the circumferential device and 12–
15 kJ using the paddle device at 8- to 12-week intervals as
described in the AIM-dysplasia trial.1 Third, a period of sur-
veillance after endoscopic therapy and before fundoplication
occurred to ensure that the dysplastic cells were not going to
reoccur immediately and necessitate esophagectomy for pro-
gressive disease. Fourth, patients were treated with ablation
and not biopsied until all endoscopically visible Barrett’s was
replaced with neosquamous epithelium or endoscopic find-
ings necessitated biopsy. A specific biopsy schedule was not
mandated but in general after eradication, surveillance
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endoscopies were undertaken at 8- to 10-week intervals and
biopsies using the Seattle protocol were taken if touch-up
ablation was not performed.17 Fifth, touch-up ablations after
fundoplication were performed at the discretion of the treating
surgeon. Lastly, patients who developed a stricture after endo-
scopic therapy were managed with endoscopic dilation.

Operative Techniques

Laparoscopic fundoplication was conducted with similar tech-
niques and principles as the majority of the surgeon’s involved
either were colleagues or had trained together. Briefly, the
hiatus was dissected to restore adequate intra-abdominal
length. Collis gastroplasty was used sparingly to avoid placing
gastric mucosa against the neosquamous lining. The hiatus
was reconstructed primarily to approximate the size of the
patient’s esophagus. The use of bio-absorbable mesh was left
to the discretion of the attending surgeon. Nissen
fundoplications were completed over a 56–60 Fr bougie and
generally measured 2 to 2.5 cm in length. PPI use post-
operatively was center-dependent but over 90 % discontinued
them after fundoplication and resumed therapy only for symp-
toms or pH positive findings.

Results

A total of 49 patients underwent RFA followed by Nissen
fundoplication. The patients were predominantly Caucasian
males with a mean age of 61 years with longstanding GERD
complicated by long-segment Barrett’s esophagus and hiatal
hernia (Table 1). Initial histology was primarily high-grade
dysplasia or intramucosal cancer as described in Table 2.

After diagnosis and before fundoplication, EMR was per-
formed in 53% followed by an average of 3.7 RFA treatments
per patient (range 1–11) (Table 3). There were no serious
complications; five patients (10 %) developed a mild stricture
after RFA. Of the 49 patients studied, CR-IM was achieved in
26 (53 %), CR-D in 16 (33 %), and 7 (14 %) had persistent
dysplasia following endoscopic therapy (Tables 1, 2, and 3).

In the 26 patients who achieved CR-IM and then
underwent fundoplication, 22 (85 %) had CR-IM at the most
recent biopsies with a mean follow-up of 26.1 months (range
5.2 to 62.3). This follow-up is broken up into 5.5 months from
achievement of CR-IM to the time of fundoplication and
20.6months from fundoplication to the time of the most recent
biopsies. Four patients developed recurrent Barrett’s metapla-
sia after fundoplication and an additional four patients had
transient Barrett’s metaplasia before returning to CR-IM on
all subsequent biopsies. All eight patients recurred at the gas-
troesophageal junction or cardia with five undergoing 1–2
additional RFA treatments. Thus, the true recurrence rate is
30.7 % (8/26) at over 2 years of follow-up even though only
15% (4/26) had recurrent disease on their most recent biopsies

In the 16 patients who achieved CR-D at the time of
fundoplication, 10 (62.5 %) ultimately achieved CR-IM at
their most recent biopsy, 5 patients remained stable with
Barrett’s metaplasia at last biopsy, and 1 patient who had high
grade dysplasia on entry then achieved CR-D at
fundoplication and ultimately had LGD at the most recent
biopsy. No patient progressed beyond their entry histology
at a mean follow-up of 24 months, which includes a 7-
months mean surveillance from the achievement of CR-D to
the time of fundoplication.

Additional RFA after fundoplication was delivered to sev-
en patients in the CR-D group. Four patients needed RFA to
move from CR-D to CR-IM and two patients needed RFA to

Table 1 Patient demographics

a The difference in Age was
statistically significant, p=0.0036
b The difference in Duration of
G E R D S y m p t o m s w a s
statistically significant, p=0.0079

Demographic CRIM (n=26) CR-D (n=16) Persistent dysplasia (n=7) Total

Sex

Male 21 (80 %) 13 (81 %) 6 (86 %) 40 (82 %)

Female 5 (20 %) 3 (19 %) 1 (14 %) 9 (18 %)

Mean age, yearsa 57 67 63 61

Mean BMI 29.9 28.9 31.4 29.8

Duration of GERD
symptoms, monthsb

136 382 284 220

Heartburn 16 (62 %) 10 (62.5 %) 6 (86 %) 32 (67 %)

Regurgitation 13 (50 %) 7 (43.8 %) 6 (86 %) 26 (54 %)

Dysphagia 6 (23 %) 7 (43.8 %) 4 (57 %) 17 (35 %)

Mean length of
Barrett’s segment, cm

5.9 7.0 7.3 6.5

Hiatal hernia 25 (96 %) 16 (100 %) 7 (100 %) 48 (98 %)

Mean hiatal hernia size, cm 3.1 4.3 3.9 3.6

Stricture 1 (4 %) 2 (12.5 %) 1 (14 %) 4 (8 %)
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maintain intestinal metaplasia. One patient entered the study
with HGD and achieved CR-D at the time of fundoplication
but at last biopsy recurred with LGD at the gastroesophageal
junction, on the gastric side of the fundoplication.

In the seven patients who had persistent dysplasia after
endoscopic therapy, the fundoplication was considered sal-
vage therapy to achieve better GERD control. These patients
differed from the CR-IM group with a longer mean duration of
GERD, a long Barrett’s segment, a higher BMI, and a larger
hiatal hernia (Table 1). Despite worse baseline characteristics
and entry pathology, four (57 %) achieved CRIM at their most
recent biopsy after a mean of 5.25 RFA treatments, two (29%)
achieved CR-D, and one (14 %) patient who had intramucosal
carcinoma on entry histology continues to have low-grade
dysplasia.

Only three patients had a failed fundoplication noted on
follow-up EGD or videoesophagram. All three of these pa-
tients were in the group with CR-IM before fundoplication.
All three continued to have CR-IM at their last biopsy.

At the most recent surveillance biopsy, 73.5 % of patients
had achieved or maintained CR-IM (Fig. 1). Compared to
their entry histology, none of the 49 patients progressed to a
worse histology at mean of 25 months of follow-up (Table 4).
There were no patients who progressed to HGD or
intramucosal cancer. One patient recurred to their baseline
histology of intestinal metaplasia and two patients with

HGD/IMC currently have LGD. Similarly, when the histology
immediately prior to fundoplication was compared to the most
recent biopsies (Table 5), only one patient progressed after
endoscopic therapy and fundoplication from intestinal meta-
plasia to low-grade dysplasia.

Discussion

The treatment of Barrett’s esophagus with dysplasia or
intramucosal adenocarcinoma has been changed radically by
the application of radiofrequency ablation and endoscopic
mucosal resection to eradicate the neoplastic cells. Despite
its initial effectiveness, there are multiple reports showing that
the durability of ablation deteriorates over time, with up to
43 % of patients having biopsies showing recurrent intestinal
metaplasia, dysplasia, or frank cancer. Nearly all of these re-
ports utilized twice daily, maximal dose PPIs to control symp-
toms of GERD. The primary finding in this study demon-
strates that laparoscopic fundoplication after endoscopic ther-
apy results in similar recurrence rates when compared to his-
toric outcomes using PPIs alone.

Table 3 Treatment details

Intervention Histology before fundoplication Total

CR-IM
(n=26)

CR-D
(n=16)

Persistent
dysplasia (n=7)

Number of RFA treatments

Mean 3.5 3.6 5 3.7

Range 1 to 11 1 to 9 2 to 8 1 to 11

Underwent EMR 14 8 4 26

Stricture 2a 2 1 5

Collis required 3 4 2 9

aOne additional patient with IM on entry developed stricture after RFA
and prior to fundoplication Fig. 1 Kaplan–Meier analysis of durability for CR-IM and CR-D

Table 2 Entry histology before
RFA Dysplasia grade CR-IM

(n=26)
CR-D
(n=16)

Persistent dysplasia
(n=7)

Total

Non-dysplastic Barrett’s 3 (12) 1 (6 %) 0 4 (8.2 %)

Low-grade dysplasia 3 (12) 3 (19 %) 2 (29 %) 8 (16.3 %)

High-grade dysplasia 14 (54 %) 7 (44 %) 4 (57 %) 25 (51 %)

Intramucosal cancer 6 (23 %) 5 (31 %) 1 (14 %) 12 (24.5 %)

Multilevel dysplasia 8 (31 %) 5 (31 %) 3 (43 %) 16 (33 %)

Raised or nodular
morphology

10 (38 %) 3 (19 %) 4 (57 %) 17 (35 %)
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Even though we hypothesized that endoscopic therapy
followed by fundoplication should provide superior durability
and thus lower recurrence rates than endoscopic therapy with
PPI therapy, our 30 % recurrence rate after CR-IM is similar to
those reported by a large U.S. multicenter consortium (33 % at
24months of follow-up4), a large single U.S. center series (43%
at 33months of follow-up5) and the U.S. RFARegistry (28% at
26 months of follow-up).18 Our results differ from O’Connell
and Velanovich12 who reported a 5.3 % recurrence/persistence
rate with RFA and Nissen compared to a 25 % recurrence/
persistence rate with RFA and PPIs; however, their surgical
results may not be comparable since no data was provided on
the patient’s baseline histology, longer segments of Barrett’s had
a maximum of 6 cm ablated regardless of total length, and
concomitant RFA and fundoplication was attempted.

Importantly, the definition of recurrence plays a key role in
reported rates. Recurrence rates of 6% have been reported in a
single center study with 5 year follow-up from the Nether-
lands, but they excluded biopsies from the gastric cardia
which were included in the other series and would have re-
sulted in additional recurrences totaling 35 %.19 Similarly, the
UK National Halo RFA Registry reported a 9 % recurrence
rate at 12 months of follow-up based on biopsies taken from
above the gastroesophageal junction.3 Using this definition of
recurrence, our study would have reported no recurrences.

The importance of intestinal metaplasia found in the gastric
cardia or on the cardia side of the gastroesophageal junction is
unclear. In our series and the study from the Netherlands,19 a
number of patients had transient focal intestinal metaplasia in

this region that was not found on subsequent surveillance
biopsies. Whether these biopsies should be excluded from
recurrence analysis is unclear. On one hand, the presence of
intestinal metaplasia has a small risk of transformation to can-
cer but in 5 years of follow-up, Phoa et al.19 demonstrated that
no cancers were found in this region. This region may also be
protected regardless of fundoplication or PPI management
because it resides at the lower end of the pH gradient and is
potentially less impacted by weakly acidic reflux.10 On the
other hand, the risk of transformation to cancer cannot be
ignored, and therefore reporting recurrences in this region
should arguably become standard.

There are several explanations why the durability of endo-
scopic therapy with fundoplication should be similar to that of
endoscopic therapy with PPI’s. First, it appears that the ma-
jority of recurrences in most series occur at the GE junction or
cardia. It has been suggested this might be due to using focal
paddle ablation at the gastroesophageal junction,20 but notably
the study using this technique still had a recurrence rate of
35 % in this region.19 It seems more likely that the dynamic
characteristics of this region lead to its continued exposure to
gastric contents even after fundoplication. Second, it is plau-
sible that the acquired genetic abnormalities driving the devel-
opment of neoplastic change remain despite ablation and are
responsible for recurrence.21

Even though fundoplication does not appear to reduce the
recurrence of Barrett’s metaplasia after endoscopic therapy in
comparison to PPI therapy, this strategy did demonstrate that
the rate of progression of disease and cancer development was

Table 4 Progression of disease
from entry pathology Entry histology Pathology on last biopsy after treatment Total

CR-IM IM LGD HGD IMC

IM 3 (6.1 %) 1 (2 %) 0 0 0 4 (8.2 %)

LGD 6 (12.2 %) 2 (4.1 %) 0 0 0 8 (16.3 %)

HGD 16 (32.7 %) 8 (16.3) 1 (2 %) 0 0 25 (51 %)

IMC 11 (22.4 %) 0 1 (2 %) 0 0 12 (24.5 %)

Total 36 (73.5 %) 11 (22.4 %) 2 (4.1 %) 0 0

Table 5 Progression of disease after fundoplication

Histology before fundoplication Pathology on last biopsy after treatment Total

CR-IM IM LGD HGD IMC

CR-IM 22 (44.9 %) 4 (8.2 %) 0 0 0 26 (53 %)

IM 10 (20.4 %) 6 (12.2 %) 1 (2 %) 0 0 17 (34.7 %)

LGD 2 (4.1 %) 1 (2 %) 0 0 0 3 (6.1 %)

HGD 2 (4.1 %) 0 1 (2 %) 0 0 3 (6.1 %)

IMC 0 0 0 0 0 0

Total 36 (73.5 %) 11 (22.4 %) 2 (4.1 %) 0 0

CR-IM complete remission, IM intestinal metaplasia, LGD low-grade dysplasia, HGD high-grade dysplasia, IMC intramucosal cancer
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lower than historic PPI series. None of our patients progressed
or recurred with HGD or cancer and we had only 1 patient
who progressed to LGD after achieving CR-IM. Comparative-
ly, progression to HGD occurs in 8 to 11 % of patients in the
series reporting this outcome.4

,5 Similarly, these series have
demonstrated a risk of developing not only intramucosal can-
cer but also invasive cancers in 3 to 8 % of patients, some
ultimately requiring esophagectomy.3

–5,19

The differences in disease progression and cancer risk may
be related to ongoing reflux seen in the historic studies using
PPIs.7 In a randomized trial comparing the management of
Barrett’s esophagus with PPIs versus fundoplication, Parrilla
and colleagues showed that a successful fundoplication not
only reduced the rate of de novo development of dysplastic
Barrett’s esophagus but that progression to worse dysplasia
was also less common.8 Similarly, successful outcomes of
endoscopic therapy were associated with a fundoplication
when compared to patients who failed.14 In addition, there
are other effects of fundoplication on the neosquamous lining
that may be responsible for these differences such as reversal
of genomic DNA changes caused by reflux,11 reduction in
inflammatory mediators such as COX-2,22 and reduction
cdx-2 by better control of GERD.23

The use of fundoplication after endoscopic therapy has
several applications. First, it can be simply used to control
ongoing symptoms of GERD despite maximal medical thera-
py as evidenced by the presenting symptoms of patients in this
study. Second, it may also be used to reduce the time to CR-
IM or to achieve CR-IM if patients have residual intestinal
metaplasia. Our initial rate of CR-IM was only 53 % but at
2 years of follow-up increased to 73.5 % with the additional
18 patients achieving CR-IM with only one to two additional
RFA treatments and in some cases without treatment. Com-
paratively, Gupta et al.4 showed that incremental portions of
patients achieving CR-IM took longer than the current series
with 26 % at 1 year, 56 % at 2 years, and 71 % at 3 years of
treatment. Lastly, fundoplication can be used to salvage endo-
scopic therapy when clearance of dysplasia is in question.
This strategy resulted in 6 out 7 patients achieving CR-IM
or CR-D only after fundoplication, presumably by improved
control of GERD. Although the limited number of patients in
this study prevents us from drawing any conclusions, we hope
to use the same cohort of institutions to examine this concept
in greater depth in a follow-up study.

Despite the known benefits of fundoplication in the man-
agement of GERD, the number of patients being referred after
endoscopic therapy appears to be very small. In the U.S. RFA
registry,13 only 5.4 % of patients had undergone
fundoplication. There are several possible reasons for this uti-
lization. First, the majority of patients undergoing endoscopic
therapy are managed by gastroenterology and are not referred,
likely because there has been no reported difference in cancer
prevention when medical and surgical therapy are

compared,24
,25 or because fundoplication for Barrett’s esoph-

agus and cancer management is neither considered nor indi-
cated in most gastroenterology articles.26 Second, there may
be reluctance on the part of surgeons and gastroenterologists
to complicate a future esophagectomy if progressive disease is
encountered or cancer reoccurs. This may be justified given
the results of several series showing a higher complication
rate.27

,28 Lastly, there may be concerns about surveillance bi-
opsies after fundoplication and the degree of difficulty of
performing fundoplication after endoscopic therapy. In our
experience , performing endoscopic biopsy af ter
fundoplication is equivalent if not easier than biopsy in the
non-surgical patient. However, fundoplication can be more
challenging after endoscopic therapy. Adhesions in the medi-
astinum may be denser, and establishing adequate intra-
abdominal esophageal length requires persistence.

There are several limitations to this study. First, the numbers
are small compared to larger medical trials and registries, but the
proportion of patients and entry histology are similar to these
other trials and the recurrence results are likewise similar. Nev-
ertheless, a larger trial with a control group is necessary. Second,
we did not centralize pathology review to assess histology.
However, each participating center has a dedicated esophageal
unit that works with experienced pathologists. Third, the retro-
spective nature of the study and the lack of a standardize treat-
ment protocol create biases especially a selection bias, though
this is no different than the challenges of using data from theUK
Barrett’s registry or the US RFA registry. Lastly, although our
follow-up is similar to other series, it is relatively short and
outcomes may change with longer follow-up.

Conclusion

The strategy of endoscopic therapy for Barrett’s metaplasia,
dysplasia and/or intramucosal cancer followed by
fundoplication results in similar durability and recurrence
rates when compared to patients being managed with PPIs
following endoscopic therapy. However, fundoplication may
be superior to PPIs after endoscopic therapy in preventing
further progression of disease and the development of cancer,
particularly in refractory patients. Fundoplication is an impor-
tant strategy after endoscopic therapy for Barrett’s to achieve
and maintain CR-IM, and to facilitate the eradication of per-
sistent dysplasia.
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