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Abstract

Esophageal diverticula can cause significant symptoms and affect the quality of life. There has been recent interest in the
use of peroral endoscopic myotomy in the management of esophageal diverticula (D-POEM). In this meta-analysis, we
have evaluated the efficacy and safety of D-POEM in the management of esophageal diverticula. Several databases were
reviewed from inception to 6/19/2020 to identify the studies evaluating the feasibility, efficacy and safety of D-POEM in
the management of esophageal diverticula. Our outcomes of interest were technical success, adverse events and difference
in mean pre- and post-procedure symptom score. We performed subgroup analysis including patients with Zenker’s diver-
ticulum who underwent POEM (Z-POEM). Pooled rates with 95% confidence intervals (CI) for all outcomes were calcu-
lated using random effect model. We calculated standard mean difference (SMD) with 95% CI to compare mean pre- and
post-procedure symptom score. We included 7 studies with 233 patients. For D-POEM, pooled rates (95% CI) for technical
success and adverse events were 95% (91%, 97%) and 6% (3%, 10%) respectively. For Z-POEM, pooled rates (95% CI) for
technical success and adverse events were 95% (90%, 97%) and 6% (3%, 10%) respectively. Mean post-procedure symptom
score for all patients who underwent D-POEM was significantly lower compared to mean pre-procedure symptom score,
SMD (95% CI) 2.17 (1.51, 2.83). This meta-analysis demonstrated that D-POEM is a safe and feasible option for patients
with symptomatic esophageal diverticula.
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Introduction

Esophageal diverticula can cause symptoms such as dyspha-
gia, aspiration, regurgitation or chest pain affecting the qual-
ity of life [1]. Esophageal diverticula are classified into three
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types based on pathophysiology and location in esophagus:
Zenker’s, mid-esophageal, and epiphrenic diverticula [2].
Surgical management of esophageal diverticula is associ-
ated with good long-term outcomes, but the need for general
anesthesia and substantial morbidity associated with surgery
limits it usefulness [3, 4]. Flexible endoscopic septum divi-
sion (FESD) has shown promising results in the manage-
ment of Zenker’s diverticula largely replacing surgical and
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rigid endoscopic treatments. One meta-analysis found that
FESD was a safe and effective option in the management
of Zenker’s diverticulum with pooled success and adverse
events rates of 91% and 11% respectively [5].

Since its introduction in 2009, peroral endoscopic
myotomy (POEM) has been successfully used in the man-
agement of achalasia and gastroparesis. There has been a
recent interest in the use of POEM in the management of
esophageal diverticula (D-POEM) which is a breakthrough
in third space endoscopy. Studies have evaluated the effi-
cacy of D-POEM and have shown promising results [6, 7].
Some studies have compared D-POEM with flexible endo-
scopic diverticulotomy and have shown higher clinical suc-
cess with D-POEM [8]. Whether D-POEM will become the
treatment of choice for esophageal diverticula in future is
an important question. To answer this question and evaluate
the efficacy and safety of D-POEM in the management of
esophageal diverticula, we conducted this systematic review
and meta-analysis.

Methods
Data Sources and Search Strategy

We followed the guidelines of Preferred Reporting items
for Systematic Review and Meta-Analysis (PRISMA) [9]
and Meta-analysis Of Observational Studies in Epidemiol-
ogy (MOOSE) [10]. The PRISMA checklist is provided in
supplementary Table 1. An experienced medical librarian
(W. L-S.) conducted a comprehensive search of several
databases including PubMed and MEDLINE, Embase,
Web of Science Core Collection and the Cochrane Central
Register of Controlled Trials from inception to 06/19/2020.
There was no limitation of language in conducting the
search. The search included truncation-expanded keywords
and database-specific subject headings for the concepts of
POEM combined with either “Zenker” or esophageal diver-
ticula. The search included following keywords: (Per-oral-
endoscopic-myotom* OR Peroral-endoscopic-myotom*
OR POEM OR D-POEM OR Z-POEM OR DPOEM OR
ZPOEM OR ((Peroral OR Oral OR esophag* OR pharyng*
OR transpharyng*) AND (Natural Orifice-Endoscopic-Sur-
gery OR natural-orifice-transluminal-endoscopic-surgery)))
AND (divertic* OR zenker*). The full search strategies
from all databases are provided in supplementary Fig. 2.
We also manually searched for abstracts with relevant data
from DDW from 2014 to 2019.Two authors (FK and SS)
independently reviewed the titles and abstracts of the arti-
cles retrieved from search and excluded articles that did not
address our question of interest. Full texts of remaining arti-
cles including references were reviewed. The search strategy
is illustrated in Fig. 1.

Inclusion and Exclusion Criteria

Two authors (FK and MAK) independently reviewed
original studies based on pre-established inclusion criteria
detailed below. We included studies which evaluated the
feasibility, efficacy, and/or safety of D-POEM in the man-
agement of all esophageal diverticula including Zenker’s,
mid-esophageal, and epiphrenic. We excluded case reports,
case series with fewer than five patients, guidelines, edi-
torials, review articles, and studies with animal models. If
there were multiple publications from the same cohort, we
included only the most recent publication and/or the publica-
tion with more information. We included full publications as
well as abstracts. All articles were downloaded into Endnote
X9.0, a bibliographic database manager. Duplicate citations
were removed.

Data Extraction and Quality Assessment

Two authors (FK and MAK) independently assessed the
eligibility of included studies and designed data extraction
forms and then collected data independently using these
forms. Any discrepancy was resolved by a re-review of
the data and discussion with a third author (DGA). Data
extracted included year and country of publication, type
of study, patient demographics, number of patients, dura-
tion of follow-up, inclusion and exclusion criteria, type of
scoring system used to assess response to treatment (such
as Eckardt score and Dakkak and Bennett score), techni-
cal success, clinical success, adverse events, pre- and post-
treatment symptom score, operative time, length of stay, size
of diverticula, recurrence of symptoms, and re-intervention.

We performed quality assessment of studies using a
modified version of the Newcastle-Ottawa Scale (NOS),
which allocates maximum of six points [11]. On this scale,
high-quality studies score over 3 while low-quality studies
score 3 or below. Two authors (FK and HM) independently
performed the quality assessment and any disagreement was
discussed with a third reviewer (DGA).

Data Synthesis and Statistical Analysis

Our outcomes of interest were technical success (defined
as successful completion of all steps of the procedure),
adverse events, and difference in mean pre- and post-pro-
cedure symptom score (based on Eckardt score or Dakkak
and Bennett score). We performed a subgroup analysis by
including full publications only and excluding abstracts. We
also performed subgroup analysis for patients with Zenker’s
diverticulum who underwent POEM (Z-POEM) and ana-
lyzed technical success, adverse events, and difference in
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/161 articles identified from database \

search

78 from Embase

2 from Cochrane

\43 from Web of Science

38 from PubMed/MEDLINE

/

52 articles removed as

duplicates

109 articles screened after ]

[ duplicates removal

96 articles excluded after title

_ >

and abstract review

13 articles from database ]

[ search reviewed.

2 record identified by reviewing

the bibliographies of articles >
and manual search of DDW

abstracts

15 full text articles assessed for

eligibility

ﬂarticles excluded after full \

text review.

e Review articles= 2
e Overlapping data =5
¢ Not enough data= 1

7 studies included in meta-
analysis with 233 patients.

\_ /

Fig.1 PRISMA flowchart

pre- and post-procedure symptom score. Two studies did not
report the size of esophageal diverticula and were excluded
from the analysis of technical success [6, 12]. We did not
analyze the clinical success rate because the definition of
clinical success varied across studies. Details of definition
of clinical success by each study are provided in Table 1.
We calculated pooled rates with 95% confidence intervals
(CI) for technical success and adverse events. We calculated
standard mean difference (SMD) with 95% CI to compare
pre- and post-procedure symptom score. We used a random
effect model for our analyses. Heterogeneity was assessed

@ Springer

by I? statistic. The statistical analysis was performed using
comprehensive meta-analysis (CMA) software.

Results

Search Strategy Yield and Quality Assessment

The search strategy yielded 115 articles; of these, we removed

6 duplicates (Fig. 1). Of the remaining 109 articles, 96 were
removed after title and abstract review. Two articles were
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identified by reviewing the bibliographies of articles and from
manual search of DDW abstracts. We reviewed the full texts
of 15 articles from which we ultimately included 7 studies
comprising 233 patients [6—8, 12—15]. Three studies with 183
patients exclusively included patients with Zenker’s diverticula
[7, 8, 15]. The characteristics of included studies are sum-
marized in Tables 1 and 2. Quality assessment of studies is
summarized in Table 1.

Meta-Analysis
Technical Success

The pooled rate (95%CI) of technical success among patients
undergoing D-POEM was 95% (91%, 97%) with no hetero-
geneity (I>=0%) (Fig. 2). Subgroup analysis including full
publications only found that the pooled rate of technical suc-
cess of D-POEM was 97% (92%, 99%), P=0%. Subgroup
analysis including patients who underwent Z-POEM showed
that the rate of technical success of Z-POEM was 95% (90%,
97%), with no heterogeneity (I>=0%).

Adverse Events

The pooled rate (95%CI) of adverse events among patients
undergoing D-POEM was 6% (3%, 10%), with no hetero-
geneity (I’=0%) (Fig. 3). Subgroup analysis including full
publications only showed that the rate of adverse events
with D-POEM was 6% (3%, 12%), I*=0%. Subgroup analy-
sis including patients who underwent Z-POEM found that
the rate of adverse events with Z-POEM was 6% (3%, 11%),
with no heterogeneity (I*>=0%).

Pre- and Post-procedure Symptom Score

In this analysis, we calculated the difference in mean symp-
tom score (based on the Eckardt score or the Dakkak and
Bennett score) before and after procedure and reported it
as SMD. We found that the mean post-procedure symptom
score in patients who underwent D-POEM was significantly
lower compared to mean pre-procedure symptom score,
SMD (95% CI) 2.17 (1.51, 2.83), I’=68%. Subgroup analysis
including patients who underwent Z-POEM also showed that
the mean post-procedure symptom score was significantly
lower when compared to the mean pre-procedure symptom
score, SMD (95% CI) 2.34 (1.31, 3.37).

Discussion
Esophageal diverticula are rare, but they can cause sig-

nificant symptoms and affect quality of life. Surgical man-
agement of esophageal diverticula involves the complete

Table 2 Data on primary and secondary outcomes of interest

Post-op symptom

score

Re-intervention Pre-op symptom

Recurrent

Length
of stay

Operative
time

Adverse
events

Technical Clinical Size of

success

Num-

Study, year

score

symptoms

diverticula

(mm)

success

ber of

Mean or median

Mean or
median

patients

1.0 (0-1.25)

NA 2.5 (2.00-3.25)

88+1.8

38.9+£20.5

subcutaneous

emphysema
Total= 5, Bleed-

1

NA

11

10

Zeng et al, 2020

0.25+0.52

1.96+0.68

1.8+ .2

524 +£29

313+ 1.6

75 73 69

Yang et al, 2020

ing= 1 perfora-

tions

=4

0.3

2.8

NA
NA
NA
NA

NA

NA

5 (4-10)
3-8

36 (25 —45)

NA

0

50 (40-70)
NA

19722

25

Maydeo et al, 2019 25

NA

NA

7
8

Basile et al, 2020

Li et al, 2019

1.38+1.41

NA

6.88 + 3.04

5.87+0.83 0

52.87+22.47

43

0

36.8 (15.9)

30

8

0.9

NA

6, details not

79

85

Alghamdi et al,
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Fig.2 Technical success of Study name Statistics for each study Event rate and 95% CI
D-POEM
Event Lower Upper
rate limit limit 2Z-Value p-Value
Yang 2020 0.973 0900 0.993 5.019 0.000
Alghamdi 2020 0.934 0.861 0.970 6.276  0.000
Kahaleh 2020 0.972 0.678 0.998 2479 0.013 —
Maydeo 2019 0981 0.756 0.999 2.753  0.006 —
Li 2019 0.944 0495 0.997 1947 0.052
0.952 0911 0.974 8951 0.000 ‘
-1.00 -0.50 0.00 0.50 1.00
Fig.3 Adverse events of Study name Statistics for each study Event rate and 95% ClI
D-POEM
Event Lower Upper
rate limit limit 2Z-Value p-Value
Zeng 2020 0.100 0.014 0.467 -2.084 0.037 -—
Yang 2020 0.067 0.028 0.150 -5.701  0.000
Basile 2020 0.063 0.004 0.539 -1.854 0.064
Alghamdi 2020 0.066 0.030 0.139 -6.276  0.000
Kahaleh 2020  0.028 0.002 0.322 -2.479 0.013 —
Maydeo 2019  0.019 0.001 0.244 -2.753  0.006 P
Li 2019 0.056 0.003 0.505 -1.947 0.052
0.063 0.037 0.103 -9.789  0.000 0
-1.00 -0.50 0.00 0.50 1.00

resection of the diverticulum; this is more invasive than
endoscopic options and has a high associated rate of adverse
events [16]. The use of D-POEM is relatively a new concept
and some studies have shown that it is an effective option for
all esophageal diverticula.

Z-POEM has some potential advantages over FESD.
In contrast to FESD, where the aim is to achieve a partial
myotomy of cricopharyngeal muscle tissue, Z-POEM allows
better exposure of the muscle and a complete myotomy,
decreasing the risk of both treatment failure and symptom
recurrence. In Z-POEM, septum transection is performed
using a submucosal tunneling approach which enables com-
plete exposure and division of the septum in one session.
One previous meta-analysis evaluating the efficacy and
safety of FESD for Zenker’s diverticula found that the rate
of adverse events with FESD was 11% which is significantly
higher compared to rate of adverse events with Z-POEM
(6%) as found in our meta-analysis [5].

Epiphrenic diverticula are often more challenging to man-
age due to the high risk of complications associated with
their surgical management. One meta-analysis found that the
rate of complications for epiphrenic diverticula after surgery
was 21% [16]. This study noted that the most common com-
plication was a leak at the staple line which required repeat
surgery in almost two-thirds of cases. D-POEM may be

@ Springer

particularly advantageous in cases of epiphrenic diverticula
because they are usually associated with esophageal motility
disorders such as a non-relaxing lower esophageal sphincter
[12]. Use of D-POEM in these cases may be beneficial as
it can potentially and simultaneously treat the underlying
motility disorder as well as the diverticulum.

This is the first meta-analysis to evaluate the feasibility
and safety of D-POEM. However, this study has limitations.
All the studies included were observational in nature and
have the risk of measured and unmeasured confounding due
to lack of randomization [17]. Our sample size is relatively
small so the analysis may be underpowered. The analysis
of difference of pre- and post-procedure symptom score
was limited by the fact that some studies reported symptom
score (based on the Eckardt score or the Dakkak and Bennett
score) as mean and others as median, and we only included
the studies which reported this score as mean. Another limi-
tation to analyzing symptom scores was significant heteroge-
neity, which was encountered in the data and is possibly due
to the use of different scoring systems in different studies
(I>=68%). Otherwise, we did not find any significant het-
erogeneity in the analysis of all other outcomes. We could
not perform a formal analysis of clinical success because the
definition of clinical success was different in different stud-
ies. Finally, the number of operators and skills, experience,
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and level of expertise of each operator were not reported in
most of the studies. This is an important issue because these
factors can affect the outcomes of endoscopic procedures.

Overall, this meta-analysis demonstrates that D-POEM
is a safe and feasible option for patients with symptomatic
esophageal diverticula.
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