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Abstract

Background: There is limited evidence on the efficacy of per-oral endoscopic myotomy
(POEM) in patients with esophageal diverticula.

Aims: This meta-analysis aimed to assess the efficacy and safety profile of POEM in patients
with Zenker’s (ZD) and epiphrenic diverticula.

Methods: With a literature search through August 2020, we identified 12 studies (300 patients)
assessing POEM in patients with esophageal diverticula. Primary outcome was treatment success.
Results were expressed as pooled rates and 95% confidence intervals (CI).

Results: Pooled rate of technical success was 95.9% (93.4%-98.3%) in ZD patients and 95.1%
(88.8%—-100%) in patients with epiphrenic diverticula. Pooled rate of treatment success was
similar for ZD (90.6%, 87.1%-94.1%) and epiphrenic diverticula (94.2%, 87.3%-100%). Rates
of treatment success were maintained at 1 year (90%, 86.4%-97.4%) and 2 years (89.6%, 82.2%
-96.9%) in ZD patients. Pooled rate of symptom recurrence was 2.6% (0.9%—4.4%) in ZD
patients and 0% in patients with epiphrenic diverticula. Pooled rates of adverse events and severe
adverse events were 10.6% (4.6%-16.6%) and 3.5% (0%-7.4%) in ZD and 8.4% (0%-16.8%)
and 8.4% (0%-16.8%) in epiphrenic diverticula, respectively.
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Conclusions: POEM represents an effective and safe therapy for the treatment of esophageal
diverticula.

Keywords

POEM; Septotomy; Endoscopy; Zenker

INTRODUCTION

Esophageal diverticula are rare structural abnormalities which account for <5% of all
patients with dysphagial. Zenker’s diverticulum (ZD) is the most common type of
esophageal diverticula, with a reported prevalence ranging from 0.01 % to 0.11 %?2, whereas
diverticula located in the distal esophagus, called epiphrenic diverticula, are frequently
associated with esophageal motility disorders and have an estimated prevalence of 0.015%?.
Treatment is recommended for symptomatic patients as esophageal diverticula can lead

to complications, such as aspiration and severe dysphagia. Surgical diverticulectomy with
myotomy represents the standard surgical treatment, able to provide excellent results
(symptom relief 85-100%)%3, but with long operation times and high rates of adverse
events, including leaks, pulmonary complications, and 0-7% risk of mortality?:3.

Direct flexible endoscopic septotomy has been routinely practiced but carries a relatively
high recurrence rate due to incomplete division of the septum?. On the other hand,
submucosal tunneling septotomy by diverticular peroral endoscopic myotomy (D-POEM)
was introduced several years ago. It is performed using a submucosal tunneling approach
and, thus, allows complete septum division®. Recently this technique was used effectively
for septotomy in patients with Zenker’s®:” (where it is called Z-POEM) and epiphrenic
diverticula8. D-POEM has the potential advantage of allowing a complete septotomy to be
performed in a single session and thus potentially reducing recurrence rates.

Given the increasing number of studies testing POEM in patients with esophageal
diverticula, there is a pressing need to systematically revise the available body of evidence in
this field; hence, we performed a meta-analysis to provide a pooled estimate of the efficacy
and safety profile of D-POEM. As a secondary analysis, we examined the comparative
efficacy of D-POEM with respect to standard flexible endoscopic treatments.

METHODS

Selection Criteria

The literature search strategy was based on the following inclusion criteria: (1) observational
or cohort studies assessing POEM in adult patients with esophageal diverticula; (2) studies
published in English; (3) articles reporting treatment success. Small case series <5 patients,
non-endoscopic studies, review articles, animal models, and studies not reporting separately
subgroup data according to diverticulum location were excluded.
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Search Strategy

Literature search was conducted on PubMed, EMBASE, Cochrane Library, and Google
Scholar including all studies fulfilling the inclusion criteria published through August 2020,
based on the string “Search ((POEM) AND Zenker) OR Esophageal diverticula”.

Relevant reviews and meta-analyses in the field were examined for potential additional
suitable studies. Authors of included studies and conference abstracts were contacted to
obtain full text or further information when needed. Manual search on the proceedings of the
main international endoscopic and gastroenterological conferences was also performed.

Data extraction was performed by 2 authors (AF and Y1) and the quality of included studies
was rated by 2 reviewers independently (AF and Y1) based on the Newcastle-Ottawa scale
for non-randomized studies®. Disagreements were solved by discussion and after a third
opinion (MAK).

Outcomes Assessed

The primary efficacy outcome was treatment success, defined based on decrease of Eckardt
score (which measures symptom severity for dysphagia, regurgitation, retrosternal pain and
weight loss)19 to <3 in 3 studies!112:22 decrease of Dakkak and Bennett score (0, no
dysphagia; 1, dysphagia to solids; 2, dysphagia to semisolids; 3, dysphagia to liquids; 4,
complete dysphagia)’3 to 0 or 1 in 5 studies'4-19, improvement of dysphagia in 1 study8, not
specified in other 2 series2021, Secondary outcomes included technical success, recurrence,
procedural times, length of hospital stay, and safety profile.

Statistical Analysis

Study outcomes were pooled separately according to diverticulum location (Zenker’s versus
epiphrenic) through a random-effects model based on DerSimonian and Laird test, and
results were expressed as rates and 95% confidence interval (Cl).

The presence of heterogeneity was calculated through 12 tests with 12<20% and interpreted
as low-level and 12 between 20% to 50% as moderate heterogeneity. Any potential
publication bias was verified through visual assessment of funnel plots. Sensitivity analysis
was conducted in the subset of ZD patients restricted to (1) high quality studies, (2)
prospective studies, and (3) according to study location (East versus West). A further
sensitivity analysis was performed restricted only to studies with standard Z-POEM.

Subgroup analysis of the primary outcome (treatment success) concerning ZD patients was
performed based on timing of response assessment (3 months versus 1 year versus >1 year).
In order to explore the impact of diverticulum size, timing of response assessment, and prior
treatments on the primary endpoint, a meta-regression model was built based on a stepwise
backward approach?3,

All pooled analyses were conducted using OpenMeta[Analyst] software whereas R 3.0.2
(R Foundation for Statistical Computing, Vienna, Austria), metafor package?* was used for
meta-regression. For all calculations a 2-tailed P value of less than 0.05 was considered
statistically significant.

J Clin Gastroenterol. Author manuscript; available in PMC 2023 January 01.
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As shown in Figure 1, of 3380 studies initially identified, after exclusion of articles not
fulfilling the inclusion criteria, 12 studies®-11:12.14-22 \ijth 300 patients treated with POEM
were included in the meta-analysis. Of 12 included studies, 4 were retrospective case-control
studies comparing POEM to flexible endoscopic treatment419-21 7 were retrospective
single-cohort series8:11:12.15.16,.18.22 anqd one was a prospective series!’.

The main characteristics of the included studies were reported in Table 1. The recruitment
period ranged from 2013 to 2020. Four studies were conducted in Asial220-22 and the

4 comparative studies#19-21 presented 2 well-balanced cohorts in terms of baseline
patients characteristics. Three studies were published as conference abstracts420:21, Seven
studies tested POEM in patients with Zenker’s diverticulal416-21 4 studies in epiphrenic
diverticula11.12.22 3 single study included patients with different diverticulum locations™®.
The majority of treated patients were male and mean diverticulum size ranged from 1.75 to
6.07 cm.

Among the studies conducted in patients with epiphrenic diverticula, three studies used
POEM with septum division812:15 and two studies used POEM alone (hence with
diverticulum left intact)1122, On the other hand, patients with Zenker’s diverticula were
treated with Z-POEM (septotomy of Zenker’s diverticula by diverticular peroral endoscopic
myotomy) in all of the included studies except the series by Repici et aA” where a variant of
Z-POEM with short mucosotomy (peroral endoscopic septotomy [POES]) was performed.

Six studies included only patients not previously treated for esophageal diverticula
[12,14,17,19-21], five studies included 4% to 28% of patients with prior
treatments®11.1516.22 and 1 cohort included only patients with previous treatments!®. Most
of the patients with epiphrenic diverticula were affected by achalasia.

Quality was deemed moderate to high in 9 studies811:12.15-19.22 \yhereas 3 studiesl420.21
were rated as low-quality articles mainly due to incomplete outcome reporting.

Details on the quality assessment of the included articles are shown in Supplementary Table
1.

Treatment success in ZD patients

As depicted in Figure 2, pooled rate of treatment success with POEM in patients with
Zenker’s diverticula was 90.6% (87.1%-94.1%), with no evidence of heterogeneity (12=0%).
Rates of treatment success observed at 3 months (130 patients, 90.6%, 85.7%-95.5%) were
maintained at 1 year (72 patients, 90%, 86.4%-97.4%) and 2 years (101 patients, 89.6%,
82.2%-96.9%; Table 2).

The aforementioned findings were confirmed in sensitivity analysis restricted to high
quality studies, prospective series, and according to study location (Supplementary Table
2). Furthermore, sensitivity analysis restricted to studies using standard Z-POEM (hence by
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excluding the study by Repici et a” where POES was used) also confirmed the results of
the main analysis (pooled success rate 89.8%, 85.9%-93.8%; Supplementary Table 2).

The kinetics of symptomatic scores in treated patients is reported in the Supplementary
Figure 1. In patients with ZD, mean Dakkak and Bennett score decreased from 2.18 (1.78-
2.57) at baseline to 0.04 (0-0.14) at 6 months and 0.26 (0.15-0.36) at 1 year (Supplementary
Figure 1a).

Meta-regression aiming to correlate several baseline variables to the primary outcome did
not find any significant impact of prior treatments, timing of response assessment, and
diverticulum size on treatment success (Supplementary Table 3).

In particular, as reported in the Supplementary Figure 2, there was no correlation between
the proportion of patient with previous treatments (Supplementary Figure 2a) and mean
diverticular size (Supplementary Figure 2b) with treatment success. No evidence of
publication bias was observed through visual inspection of the funnel plot (Supplementary
Figure 3a).

Treatment success in patients with epiphrenic diverticula

As reported in Figure 3 and Table 2, pooled rate of treatment success with POEM in
patients with epiphrenic diverticula was 94.2% (87.3%-100%), again with no evidence of
heterogeneity (12=0%). Subgroup analysis showed 91.8% (80.2%-100%) pooled success
in patients treated with POEM with septum division and 95.5% (86.9%—-100%) efficacy
in patients treated with POEM alone. Mean Eckardt score in patients with epiphrenic
diverticula and achalasia decreased from 8.38 (2.17-14.6) at baseline to 2.54 (0-7.54) at 6
months and 1.51 (0-3.82) at 1 year (Supplementary Figure 1b).

As above reported in ZD patients, also in patients with epiphrenic diverticula meta-
regression aiming to correlate several baseline variables to the primary outcome did not
find any significant correlation of baseline variables with treatment success (Supplementary
Table 3).

No evidence of publication bias was observed through visual inspection of the funnel plot
(Supplementary Figure 3b).

Secondary outcomes

Secondary efficacy outcomes are reported in Table 3.

Technical success: Pooled rate of technical success was 95.9%, (93.4%-98.3%) in ZD
patients and 95.1% (88.8%-100%) in patients with epiphrenic diverticula.

Symptoms recurrence: Mean follow-up length was 15+3 months in ZD patients and
10.5£5 months in patients with epiphrenic diverticula. Pooled rate of symptom recurrence
was 2.6% (0.9%-4.4%) in ZD patients and 0% in patients with epiphrenic diverticula.

J Clin Gastroenterol. Author manuscript; available in PMC 2023 January 01.
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Procedure time: Procedure time in patients with epiphrenic diverticula was 61.7 minutes
(38.4-84.9) whereas it was 44.7 minutes (30-59.4) in ZD patients.

Length of hospital stay: Length of hospital stay was 5.6 days (4.8-6.4) in patients with
epiphrenic diverticula and 1.2 days (1-1.1) in ZD patients.

Safety profile: Pooled rate of adverse events was 7.6% (4.1%-11.1%) in the overall
cohort, in particular it was 10.6% (4.6%-16.6%) in ZD patients and 8.4% (0%-16.8%) in
patients with epiphrenic diverticula. Overall pooled rate of serious adverse events was 3.5%
(0%—7.4%) in ZD patients and 8.4% (0%-16.8%) in patients with epiphrenic diverticula.
The adverse events observed in the included studies are detailed in Supplementary Table 4.
Perforation represented the most frequent complication, followed by bleeding. Two studies
did not specify the adverse events registered1421,

DISCUSSION

Surgery and standard flexible endoscopic treatment represent the most frequent therapeutic
strategies in patients with esophageal diverticula. In recent years, POEM, a minimally
invasive procedure used to treat esophageal disorders such as achalasiaZ®, has emerged as an
endoscopic therapy for esophageal diverticula, termed D-POEM.

Previous meta-analyses explored this important issue but with several limitations, such
as very low number of studies (particularly focused on ZD patients), lack of long-term
outcomes, and limited assessment of the impact of potentially confounding factors on

treatment outcomes through adequate statistical methods26:27.

Through a meta-analysis of 12 studies, we made several key observations about the clinical
role of POEM in patients with esophageal diverticula. First, POEM resulted in very high
rates of treatment success (beyond 90%) both in patient with Zenker’s and epiphrenic
diverticula. These favorable outcomes were maintained over time even at 2 years from
treatment and rate of symptom recurrence was very low (2.6% in ZD patients and 0%

in subjects with epiphrenic diverticula). In meta-regression analysis, treatment outcomes
were maintained regardless of diverticulum size and prior treatments. Further, the rate of
technical success was over 95% for both Zenker’s and epiphrenic diverticula. Second,
POEM showed a promising safety profile, with only 7.6% and 3.3% of overall and serious
adverse events, respectively. Thus, findings of this meta-analysis support that POEM is a
valuable alternative treatment option for esophageal diverticula, and seems to provide equal
if not better outcomes with supposed shorter hospital stay and lower rates of complications
compared to standard endoscopic techniques.

ZD is commonly treated through flexible endoscopy diverticulotomy. In a recent meta-
analysis, flexible endoscopic treatment had a favorable pooled success rate of 91% in

ZD patients?8. However, recurrence rate following flexible endoscopic diverticulotomy was
11.3% and adverse event rate was 11%, both higher than that reported with Z-POEM?28,
Results of our meta-analysis seem considerably more favorable in particular in terms of

J Clin Gastroenterol. Author manuscript; available in PMC 2023 January 01.
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decreased recurrence rates while adverse events, although with a similar rate as in standard
procedures, were mainly mild with no serious impact on patient outcomes.

Several approaches and techniques have been suggested for POEM. The endoluminal
functional lumen imaging probe (EndoFLIP) was devised as a method for evaluating the
pathogenesis and distensibility of the EGJ. EGJ distensibility can be expressed as the
distensibility index (DI) and represents the degree of impaired LES relaxation.29 During
POEM, some endoscopist uses EndoFLIP as a means to acquring information on the
efficacy of the intervention.30 Yoo et al. reported that posttreatment DI by EndoFLIP was
useful for predicting POEM clinical outcomes in patients with achalasia.3! However, while
Endoflip technology shows promise, there remains debate on the most appropriate timing for
using Endoflip (i.e. follow-up) as well as the selection of appropriate patients; as a result
more research is needed.2%30  ess is known regarding the use of EndoFLIP in patients with
esophageal diverticula.

Optical coherence tomography (OCT) is another emerging technique used by endoscopists
during POEM. Desai et al. evaluated the utility of OCT in providing pre-POEM esophageal
information such as the degree of vascularity and thickness of the circular muscular layer.32
Using this data, an approach such as anterior or posterior myotomy could be undertaken. To
this end, the authors enrolled 84 patients of which 51patients underwent pre-POEM OCT.
Using OCT esophageal data, 24 (47 %) of patients underwent anterior POEM while 27 (53
%) underwent posterior POEM. Technical success was achieved in 96 % of patients. The
authors also noted that there were significantly less bleeding in patients who had OCT vs
those who did not [4 (8 %) vs. 14 (43 %), p = 0.0001]. Procedure was also signifiantly less
in the OCT group compared with controls (85.8 vs. 121.7 min, p = 0.000097). While OCT
shows promising results, this technology is less available to endoscopists and studies are
very sparse to make any concrete recomendations.

POEM consists of 4 consecutive steps: (1) mucosal incision for entry into the submucosa,
(2) submucosal tunneling, (3) myotomy, and (4) closure of the mucosal entry. Prior to the
procedure, a high-definition gastroscope is commonly fitted with a cap to aid in scarping off
residual and adherent tissue on the esophageal mucosa. Anecdotal reports suggest securing
the cap on the endoscope tip with tape to avoid dislodging the cap within the submucosal
tunnel.33

While myotomy remains the core procedure for POEM, there are debatable concerns
regarding the optimal orientation, depth, and length in performing a myotomy. For achalasia
types I or 11, a 6-8-cm-long myotomy is generally recommended, while a longer myotomy is
recommended for type 111 achalasia.3* Previously, Wang et al. reported 46 achalasia patients
who received short myotomy (mean, 5.4 cm) which showed excellent short-term (3 months)
outcomes.3> Recently, Nabi et al reported a randomized trial comparing outcomes of short
(3 cm, n = 34) versus long (6 cm and above, n = 37) esophageal myotomy in patients
undergoing POEM for type I and 11 achalasia.38 Clinical success was comparable in both
groups at 1 year. The mean operative time was shorter in the short myotomy group than

in the long myotomy group (44.03 + 13.78 and 72.43 £ 27.28 minutes, respectively; P <
0.001). No difference in adverse events was observed between both groups. Overall, the

J Clin Gastroenterol. Author manuscript; available in PMC 2023 January 01.
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results indicate that a long esophageal myotomy was not superior to short myotomy for type
I and Il achalasia patients.

This technique has been adopted for treating esophageal diverticula which is essentially

a septotomy of the diverticulum using the POEM technique. The technique reveals the
septal wall following submucosal tunneling which is completely dissected to the base of the
diverticula while the myotomy is extended about 1 cm proximally.3” In cases of esophageal
outflow obstruction, the myotomy is extended about 2 to 3 cm beyond the gastroesophageal
junction to allow complete dissection of the lower esophageal sphincter.3” Finally, clips are
applied to close the mucosal entry site.

Different cutting devices are available and used by endoscopists depending on their
training and experience such as needle-knife, hook-knife, monopolar forceps, argon plasma
coagulation.38 The most frequently used device is the hook knife and the needle knife
(Olympus medical, Tokyo, Japan).38 While variations exists among endoscopic technique,
there are no randomized control trials.

The POEM procedure can be performed via a so-called “anterior” approach or “posterior”
approach. Anterior myotomy involves performing POEM at the 1- to 2-o0’clock position
with patients in the supine position; posterior myotomy is performed at the 5- to 6-0’clock
position.39:40 Theoretically, anterior myotomy may reduce the risk of damage to the angle
of His and the sling muscle fibers located over the greater curvature, which support the
natural antireflux mechanism.3940 The posterior approach, on the other hand, may allow for
superior alignment of the endoscopic tools used to perform the myotomy, as the working
channel for most endoscopes is located over the 5- or 7-0’clock position.3940 The posterior
myotomy approach may risk damage to the sling muscles that are located around the
8-0’clock area and thereby disrupt the natural antireflux mechanism.3940 A recent meta-
analysis of 1247 patients from 18 studies (623 patients (11 cohorts) treated via anterior
myotomy and 624 patients (12 cohorts) treated via posterior myotomy) demonstrated
comparable outcomes in terms of clinical success, GERD, and adverse events.41 However,
total procedure time with posterior myotomy is shorter than with anterior myotomy.

Selective circular myotomy or full-thickness myotomy could also be performed during

the procedure.*2 For selective myotomy, it is more technically difficult than full-thickness
myotomy with longer learning curves.*3 The increase in operation time for patients with
selective myotomy also leads to increased risk in severe gas-related complications.*3 Li et
al. retrospectively reported a series of 234 patients who underwent full thickness myotomy
(n=103) and selective inner circular myotomy (n=131).44 No significant difference was
noted in regards to clinical reflux, treatment scores or LES pressures between both groups.
Full thickness myotomy was associated with a shorter procedure time. Similar findings have
been noted in other reports.*> Additionally, based on an international survey of endoscopist
who perform POEM, some operators are still in favor of selective myotomy.46

Epiphrenic diverticula are traditionally repaired through a laparoscopic thoracotomy
approach. Prior meta-analysis reports an efficacy rate of 88.5% of surgical treatment of
epiphrenic diverticula, which is lower than the pooled efficacy rate of 94.2% in this meta-
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analysis of POEM for epiphrenic diverticula.#” Moreover, the prior meta-analysis reported
a staggering 21% morbidity rate following surgical treatment of epiphrenic diverticula.*’
Therefore, surgical epiphrenic diverticulectomy is a challenging procedure with long
operation time and high postoperative complication rates; in this context, an effective and
safe endoscopic approach such as POEM could represent a valuable option in this setting
although head-to-head series directly comparing surgical versus endoscopic treatment are
lacking and it would be probably very difficult to conduct such a study in the clinical
scenario.

Post-op care for POEM varies according to institutional practice. Post-operatively patients
are usually given fluids and progress to soft foods within 24 hours. Some centers perform a
contrast swallow study but this test is not often performed unless concerns for mucosal
breach are present.*8 However, other endoscopists recommend a swallow study with
fluoroscopy inspite of any clinical symptoms.*® Diet is advanced to soft following 48 hours
and continued for 10 to 14 days before regular foods can be consumed.*®

Additionally, some operators recommend a course of intravenous antibiotics which is
stopped on post-op day 3 while oral antibiotics is continue for a total of 7 days.#® However,
Maselli et al. conducted a very recent randomized clinical trial comparing single dose

versus short course of antibiotics in patients undergoing POEM.0 The study reported that

a single dose of a cefazolin-based prophylaxis without the need for prolonged antibiotic
exposure was sufficient for patients undergoing POEM procedures due to a very low residual
infectivity risk.

There are certain limitations to this study. First, the low number of included studies

and enrolled patients requires particular caution in interpreting our findings, in particular
concerning patients with epiphrenic diverticula. However, we deliberately decided to restrict
inclusion criteria to series with at least 5 patients, thus excluding small case reports, to
provide more robust and homogenous outcome estimates. Second, the very limited number
of comparative studies and the lack of randomized trials did not enable us to conduct a direct
comparison between POEM and flexible endoscopic techniques.

Third, evaluation of long-term (beyond 2 years) outcomes and the assessment of other
potential complications of POEM, such as the incidence of gastro-esophageal reflux

disease (GERD) in the case of epiphrenic diverticula, were not feasible due to the lack

of available data. Fourth, techniques used in the included studies were not homogeneous
with some differences (Z-POEM versus POES in Zenker’s diverticula patients and POEM

+ septotomy versus POEM alone in epiphrenic diverticula patients). However, multiple
sensitivity analyses considering these technical features were performed, confirming the
results of the main analysis. Finally, economic considerations and assumptions on the impact
of POEM were beyond the scope of the study. These limitations highlight the opportunity
for future work in this field including well designed head-to-head trials to compare POEM to
standard techniques.

Furthermore, we fully acknowledge the recent publication of two meta-analyses in this
field.51:52 However, these studies had significant limitations which we overcame, thus
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making our analysis novel and of interest. The meta-analysis by Kamal et al included only

7 studies (of which only 5 published as full text papers) whereas our analysis includes

12 studies with nearly double the number of patients.>! Moreover, Kamal et al did not
perform an analysis at different time points so the kinetics and magnitude of patient response
over time could not be assessed. Additionally, meta-regression analysis of main potential
confounders was not performed. We think that these aspects were adequately considered in
our manuscript (including meta-regression) and constitute important sources of novelty. The
other meta-analysis by Ren et al. although being conducted with a more rigorous approach,
also did not report specific time points or subclassification according to type of diverticula.>?
These are two important limitations completely expanded in our analysis.

In conclusion, this meta-analysis highlights that POEM is a safe and effective technique in
patients with esophageal diverticula, including both ZD and epiphrenic diverticula. These
data seem similarly effective to standard surgical and flexible endoscopic techniques, but
with lower complication rates with POEM. Therefore, patients with esophageal diverticula
should be offered a POEM approach among standard techniques, if the appropriate expertise
is available.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 2. Pooled analysis of treatment success with POEM in patients with Zenker’s diverticula.
Pooled rate of treatment success with POEM in patients with Zenker’s diverticula was

90.6% (87.1%-94.1%), with no evidence of heterogeneity (12=0%).
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Figure 3. Pooled analysis of treatment success with POEM in patients with epiphrenic

diverticula.

Pooled rate of treatment success with POEM in patients with epiphrenic diverticula was
94.2% (87.3%—-100%), with no evidence of heterogeneity (12=0%).
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