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ABSTRACT

Background and study aims Peroral endoscopic myot-

omy (POEM) is increasingly being used as the preferred

treatment option for achalasia. The aim of this systematic

review and meta-analysis was to compare the efficacy and

safety of POEM versus pneumatic balloon dilation (PD).

Methods We performed a comprehensive review of stud-

ies that reported clinical outcomes of POEM and PD for the

treatment of achalasia. Measured outcomes included clini-

cal success (improvement of symptoms based on a valida-

ted scale including an Eckardt score≤3), adverse events,

and post-treatment gastroesophageal reflux disease

(GERD).

Results Sixty-six studies (6268 patients) were included in

the final analysis, of which 29 studies (2919 patients) re-

ported on POEM and 33 studies (3050 patients) reported

on PD and 4 studies (299 patients) compared POEM versus

PD. Clinical success with POEM was superior to PD at 12, 24,

and 36 months (92.9%, vs 76.9% P=0.001; 90.6% vs 74.8%,

P=0.004; 88.4% vs 72.2%, P=0.006, respectively). POEM

was superior to PD in type I, II and III achalasia (92.7% vs

61%, P=0.01; 92.3% vs 80.3%, P=0.01; 92.3%v 41.9%, P=

0.01 respectively)
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Introduction
Achalasia is a progressive esophageal motility disorder of un-
known etiology. The disease pathology is characterized by the
degeneration of inhibitor neurons that are involved in the pha-
sic relaxation of the lower esophageal sphincter (LES) [1]. This
results in loss of propulsive peristalsis and failure of LES relaxa-
tion. Clinical symptoms include dysphagia, chest pain, regurgi-
tation and weight loss [2]. Approximately 1 in 100,000 of the
population per year is affected by this disorder [3]. If left un-
treated, achalasia profoundly impairs a person’s quality of life.

Treatment of achalasia is aimed at lowering the functional
resistance of the LES to bolus progression. Options include
pharmacological therapy, endoscopic botulinum toxin injection
(EBTI), or disruption of the muscular bundles of LES by pneu-
matic balloon dilation (PD) or surgical myotomy of the LES [4].
Pneumatic dilation and laparoscopic Heller myotomy have been
shown to be effective treatment options in the management of
achalasia patients [5].

Recently, peroral endoscopic myotomy (POEM) is increas-
ingly being used for the treatment of achalasia due to its mini-
mally invasive nature [6, 7]. Although the success and safety of
POEM have been widely reported, the best endoscopic modal-
ity to treat achalasia with long-term results remains undecided.
POEM and PD are both performed endoscopically, however,
studies comparing the clinical outcomes and safety of POEM
to PD are limited by few studies with small sample size. Multiple
meta-analyses have been conducted to compare outcomes of
different treatment modalities in achalasia but no studies have
compared long-term outcomes of POEM and PD by meta-anal-
ysis, both of which are endoscopically performed and it is the
most appropriate to compare these techniques unlike studies
that have compared POEM to surgical methods. To this end,
we conducted a meta-analysis to study and compare the clini-
cal outcomes of POEM to PD in the treatment of achalasia.

Methods
Search strategy

We performed a comprehensive review of studies published un-
til September 2019 that reported clinical outcomes of POEM
and/or PD for the treatment of achalasia according to the Pre-
ferred Reporting Items for Systematic reviews and Meta-analy-
sis (PRISMA) Epidemiology guidelines. Four databases were
searched: PubMed, EMBASE, Ovid, and Cochrane. An experi-
enced medical librarian using inputs from the study authors
helped with the literature search. Keywords used were: “achala-

sia,” “myotomy,” “Pneumatic dilation” “peroral endoscopic
myotomy,” and “POEM.” The full search strategy is available in
Appendix 1. The PRISMA and MOOSE checklist were followed
and are provided as Appendixes 2 and 3 [8, 9].

Study selection

In this meta-analysis, we included studies that evaluated the
clinical outcomes of POEM and studies that evaluated the out-
comes of PD in patients with achalasia. Studies were included
irrespective of inpatient/outpatient setting and geography as
long as they provided data needed for the analysis.

Our exclusion criteria were as follows: (1) Conference ab-
stracts, general reviews or commentaries; (2) studies with sam-
ple size < 20; (3) studies with follow-up time <12 months; (4)
studies done in pediatric population (age <18 years); (5) stud-
ies not published in the English language; and (6) non-achalasia
motility disorders. In case of multiple publications from the
same cohort and/or overlapping cohorts, data from the most
recent and/or most appropriate comprehensive report were re-
tained.

Data abstraction and quality assessment

Data on study-related outcomes in the individual studies were
abstracted onto a standardized form by at least four authors
(AO, SR, BPM, SRK), and two authors (BPM, AO) did the quality
scoring independently. Primary study authors were contacted
via email when needed for further information and/or clarifica-
tion on data was required. The Cochrane tool for assessing risk
of bias was used for Randomized Clinical trial and the Newcas-
tle-Ottawa scale (NOS) for nonrandomized studies. The NOS as-
sesses studies regarding the following 3 aspects: selection,
comparability, and exposure. The score range of NOS is from 0
to 8 [10].

Outcomes assessed

Clinical success was defined by improvement of symptoms
based on a validated score, including Eckardt score ≤3, im-
provement in dysphagia score (Watson dysphagia score, Van-
trappen and Hellemans score): by pooled odds ratio (OR)
POEM vs PD & by subgroup comparison of pooled rates at 12
months, 24 months and 36 months from cohort studies.

Pooled clinical success of POEM versus PD was defined ac-
cording to manometric achalasia subtype based on comparison
of pooled rates from cohort studies.

GERD (classified by symptoms, endoscopic findings & 24–
pH measurement) was defined by pooled odds ratio (POEM vs

Pooled OR of clinical success at 12 and 24 months were

significantly higher with POEM (8.97; P=0.001 & 5.64;

P=0.006). Pooled OR of GERD was significantly higher with

POEM (by symptoms: 2.95, P=0.02 and by endoscopic find-

ings: 6.98, P=0.001). Rates of esophageal perforation (0.3%

vs 0.6%, P=0.8) and significant bleeding (0.4% vs 0.7%, P=

0.56) were comparable between POEM and PD groups.

Conclusions POEM is more efficacious than PD in the treat-

ment of patients with achalasia during short-term and long-

term follow-up, albeit with higher risk of abnormal esopha-

geal acid exposure.
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PD) & by subgroup comparison of pooled rates from cohort
studies.

Procedure-related adverse events (AE) assessed included
mucosal injury/perforation, major bleeding, subcutaneous em-
physema, pneumothorax, pneumoperitoneum, pneumonia,
post- POEM and PD. All AEs were graded based on the American
Society of Gastrointestinal Endoscopy Lexicon classification
systems and categorized based on the severity of complication
which as defined by the ASGE lexicon) [11].

Assessment methodology and definitions

Comparison analysis was performed by two methods, which
were as follows:

(1) Pooled odds ratio (OR) for clinical success was calculated
from studies that compared POEM and PD; and (2) subgroup
comparison analysis between the pooled clinical success rate
with POEM and with PD. The subgroup model of indirect com-
parison is comparable to a retrospective case-control study and
is considered non-causal, as many inherent biases between the
groups may remain uncontrolled [12].

Statistical analysis

We used meta-analysis techniques to calculate the pooled esti-
mates in each case following the methods suggested by DerSi-
monian and Laird using the random-effects model [13]. When
the incidence of an outcome was zero in a study, a continuity
correction of 0.5 was added to the number of incident cases be-
fore statistical analysis [14].

We assessed heterogeneity between study-specific esti-
mates by using Cochran Q statistical test for heterogeneity,
95% prediction interval (PI), which deals with the dispersion
of the effects [15–17], and the I2 statistics [18, 19]. In this, val-
ues < 30%, 30% to 60%, 61% to 75%, and >75% were sugges-
tive of low, moderate, substantial, and considerable heteroge-
neity, respectively [20].

Publication bias was ascertained, qualitatively, by visual in-
spection of funnel plot and quantitatively, by the Egger test
[21]. When publication bias was present, further statistics
using the fail-Safe N test and Duval and Tweedie’s “Trim and
Fill” test was used to ascertain the impact of the bias [22].
Three levels of impact were reported based on the concordance
between the reported results and the actual estimate if there
were no bias. The impact was reported as minimal if both ver-
sions were estimated to be same, modest if effect size changed
substantially but the final finding would still remain the same,
and severe if basic final conclusion of the analysis is threatened
by the bias [23].

Comparison between the two treatments was performed by
means of subgroup comparison on the meta-analysis software.
The comparison is based on two-sided (bivariate) testing and P
<0.05 to define significance between the groups compared.

All analyses were performed using Comprehensive Meta-A-
nalysis (CMA) software,version 3 (BioStat, Englewood, New Jer-
sey, United States).

Results
Search results and population characteristics

From an initial 3842 studies, 3094 studies were deemed not rel-
evant based on the title and/ or abstract. 748 records were
screened, and 88 full-length articles were assessed. Sixty-six
studies[24–89] were included in the final analysis, four of which
directly compared outcomes of POEM to PD [32, 35, 36, 38]. A
total of 29 studies reported on the outcomes of POEM [24–31,
33, 34, 37, 39–45, 51, 63, 65, 73, 77–80, 83, 85, 87] and 33 re-
ported on the outcomes of PD [46–50, 52–62, 64, 66–72, 74–
76, 81, 82, 84, 86, 88, 89]. The schematic diagram of study se-
lection is illustrated in ▶Fig. 1. These studies were published
between Jan 2000 and July 2019. A total of seven studies were
multicenter [35, 40, 68, 78, 79, 83 ,89]. Of the 66 included stud-
ies, 62 were cohort studies (30 retrospective and 32 prospec-
tive), three case series and one randomized controlled trial.

Mean patients’ age across studies was similar between the
two procedures (POEM 47.0 vs. PD 45.1 yr, P=0.63). The pro-
portion of males was also similar between both groups (51 vs.
55%, P=0.09). The mean duration of follow-up was similar be-
tween POEM versus PD (41.5 vs. 46.2 mo, P =0.80). The pro-
portion of patients with type 1 achalasia (28.7% versus 28.5%,
P=0.93) and type II achalasia (58.3% versus 61.5%, P=0.17)
achalasia were similar between the two procedures. The pro-

Records identified through 
database searching 

(n = 7538)

Additional records 
identified through 

other sources 
(n = 420)

Records after duplicates removed (n = 3842)

Records screened (n = 748)

Studies deemed not relevant based on title 
and/or abstract = 3094

Full-text articles assessed for eligibility (n = 88)

Records excluded (n = Book section = 90)
Case reports and series =130
Conference abstracts = 250
Editorial =100
Reviews = 90 

Studies included in quantitative synthesis 
(meta-analysis) (n = 66)

Full-text articles excluded, with reasons
Studies with overlapping cohorts = 5
Studies with sample size <20 = 13
Studies in pediatric population = 4

▶ Fig. 1 Study selection flowchart.
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portion of patients with type III achalasia, were significantly
higher in patients who had POEM versus PD (13% vs 10%, P=
0.04). The population characteristics are described in Supple-
mentary Table1, Supplementary Table 2, Supplementary
Table3.

Quality of included studies

The detailed assessment of study quality can be found in Sup-
plementary Table4. Overall, three studies [32, 36, 38] were
considered high quality and the rest [12, 24–34, 36–42, 44,
46–56, 58–91] were considered of medium quality. There were
no low-quality studies.

Meta-analysis outcomes

A total of 6268 patients were included in the analysis from 66
studies. In the 4 studies that compared POEM to PD [32, 35,
36, 38], 142 patients were treated by POEM and 157 patients
were treated by PD. Whereas in the cohort studies, 29 studies
including 2919 patients reported on POEM [24–28, 30, 31, 33,
34, 37, 39–45, 51, 63, 65, 73, 77–80, 85, 87, 92], and 33 studies
including 3050 patients reported on PD [46, 48–50, 52–62, 64,
66–72, 74–76, 81, 82, 84, 86, 88, 89].

On analysis of the four studies that compared POEM versus
PD in the treatment of achalasia, technical success was similar
between both groups (100% versus 100%, P=0.82). The pooled
OR of clinical success of POEM (143 patients) versus PD (154
patients) at 12-months was 8.97 (95% CI 3.85–20.86, P=
0.001) (Supplementary Fig. 1) (▶Table1) and the pooled OR
of clinical success of POEM (105 patients) versus PD (110 pa-
tients) at 24-months was 5.64 (95% CI 1.65–19.24, P=0.006)
(▶Table1) (Supplementary Fig. 2). The pooled proportion of
clinical success with POEM at 12 months was 95.6% (95%
89.7–98.1) and with PD was 66.7% (95% CI 57.8–74.5). The
pooled proportion of 24-months clinical success with POEM
was 92.3% (95% CI 85.4–96.1) and with PD was 67.1% (95% CI
45.9–83).

Cohort studies

The technical success was similar between both groups POEM
vs PD (97% versus 98%, P=0.62). Based on meta-analysis of
non-comparative studies, the pooled 12-months clinical suc-
cess rate with POEM (929) patients was 92.9% (95% CI 89.4–
95.3) and with PD (718 patients) was 76.9% (95% CI 71.1–
81.8) (▶Fig. 2). The pooled 24-months clinical success rate
with POEM (523 patients) was 90.6% (95% CI 84.1–94.6) and
with PD (478 patients) was 74.8% (95% CI 63.9–83.3) (▶Fig.
3). The pooled 36-months clinical success rate with POEM (289
patients) was 88.4% (95% CI 80.5–93.3) and with PD (120 pa-
tients) was 72.2% (95% CI 62.2–80.4) (▶Fig. 4). Based on the
non-causal subgroup comparison, the pooled clinical success
rates with POEM at 12-months, 24-months and 36-months
were significantly superior when compared to the respective
pooled clinical success rates with PD (P=0.001, 0.004, and
0.006, respectively) (▶Table1). Mean procedural time (min)
and mean length of stay (days) were longer in the POEM group
vs PD group (92 vs 26.5 minutes, P <0.0001) and (3.4 vs 1.9
days, P=0.03), respectively. The length of stay after POEM pro-

cedure in the United States was 1 to 3 days and in centers from
Asia/Europe was 3 to 8 days.

Achalasia subtype analysis

When analyzed according to achalasia subtype, pooled success
rates for POEM were superior to PD in type I (92.7%, 83.3.-97%
vs 61%, 48.4–72, P=0.01) (Supplementary Fig. 3), type II
(96.6%, 89.3–99 vs 80.3%, 62.4–90.9, P=0.01) (Supplemen-
tary Fig. 4) and type III (92.3%, 85.8–95.9 vs 41.9%, 27.0–
58.5, P=0.01) (Supplementary Fig. 5) based on non-casual
subgroup analysis.

Post- procedure reflux symptoms and reflux esophagitis

Comparative studies: The pooled OR of GERD by symptoms for
POEM (137patients) versus PD (124 patients) was 2.95 (95% CI
1.46–5.95, P=0.02) (Supplementary Fig. 6) and the pooled OR
of GERD by EGD finding of esophagitis POEM (105 patients) ver-
sus PD (100 patients) was 6.98 (95% CI 2.41–20.22, P=0.001)
(Supplementary Fig. 7) on analysis of the four studies that
compared POEM to PD in the treatment of achalasia.

Cohort studies: Based on meta-analysis of 28 cohort studies,
the pooled rate of GERD by symptoms (POEM 941 patients vs
PD 729 patients) was 19% (13.7–25.8) vs 17.8% (12.7–24.4) P
=0.78 (Supplementary Fig. 8); by reflux esophagitis (POEM
856 patients vs PD 437 patients) was 27.5% (17.5–40.3) vs
14.1% (5.7–30.8), P=0.15 Supplementary Fig. 9); and by pH
measurement (POEM 196 patients vs PD 166 patients) was
48.6% (31.6–66) vs 41.3% (22.8–62.6) P=0.61, (Supplemen-
tary Fig. 10) (▶Table 1).

Adverse events

Overall pooled adverse events (AEs) with POEM versus PD were
comparable; mucosal injury POEM vs PD (4.5% vs 3.9%, P=
0.60), esophageal perforation POEM vs PD (0.3% vs 0.6%, P=
0.80), significant bleeding POEM vs PD (0.4%, vs 0.7, P=0.56),
subcutaneous emphysema POEM vs PD (6.5% vs 5.8%), pneu-
mothorax POEM vs PD (1.4% vs 1.7, P=065) and pneumome-
diastinum POEM vs PD (1.8% versus 1.5%, P=054) .

Based on the ASGE lexicon for AEs, mild AEs POEM vs PD (2.8
% vs 2%, P=0.5) (Supplementary Fig. 11), moderate AEs POEM
vs PD (3.1% vs 2.3%, P=0.10) (Supplementary Fig. 12), and se-
vere AEs POEM vs PD (1.4% vs 1.8%) (Supplementary Fig. 13),
were comparable. There was no procedure-related mortality
with either procedure.

Validation of meta-analysis results
Sensitivity analysis

To assess whether any one study had a dominant effect on the
meta-analysis, we excluded one study at a time and analyzed its
effect on the main summary estimate. In this analysis, no single
study significantly affected the outcome or the heterogeneity
(Supplementary Fig. 14, 15, and 16).
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Heterogeneity

We assessed dispersion of the calculated rates using the predic-
tion interval (PI) and I2 percentage values. The PI gives an idea
of the range of the dispersion and I2 tell us what proportion of
the dispersion is true vs chance [9]. The calculated PIs are re-
ported with the pooled rates in ▶Table 1. The calculated PI
was narrow for the calculated pooled rates of clinical success,

with minimal I2 heterogeneity. This means the reported values
are decently close to the expected values in the real world.

Publication bias

Based on visual inspection of the funnel plot as well as quantita-
tive measurement that used the Egger regression test, there
was no evidence of publication bias (Supplementary Fig. 17,
Eggers 2-tailed P=0.15).

▶Table 1 Summary of results

Outcomes Odds ratio

(4 studies, POEM: 142 patients, PD: 157 patients, I2)

Clinical success at 3 months (4 studies) 6.67 (2.15–20.69), P=0.001, 12 = 0

Clinical success at 12 months (4 studies) 8.97 (3.85–20.86), P=0.001, I2 = 0

Clinical success at 24 months (3 studies) 5.64 (1.65–19.24), P=0.006, I2 = 38

GERD by symptoms (4 studies) 2.95 (1.46–5.95), P =0.02, I2 = 0

GERD by EGD (3 studies) 6.98 (2.41–20.22), P=0.001, I2 = 0

POEM
(26 studies, 2703 patients)

PD
(30 studies, 2618 patients)

P value (2-sided comparison)

Clinical success

12-months 92.9% (89.4–95.3, 26)
10 studies
(PI: 85 to 97)

76.9% (71.1–81.8, 70)
14 studies
(PI: 52 to 91)

0.001

24-months 90.6% (84.1–94.6, 59)
8 studies
(PI: 71 to 97)

74.8% (63.9–83.3, 86)
10 studies
(PI: 27 to 96)

0.004

36-months 88.4% (80.5–93.3, 0)
4 studies
(PI: 67 to 97)

72.2% (62.2–80.4, 74)
5 studies
(PI: 29 to 94)

0.006

GERD

Symptoms 19% (13.7–25.8, 75)
13 studies
(PI: 7 to 42)

17.8% (12.7–24.4, 85)
13 studies
(PI: 4 to 53)

0.78

EGD 27.5% (17.5–40.3, 95)
17 studies
(PI: 3 to 83)

14.1% (5.7–30.8, 89)
6 studies
(1 to 85)

0.15

pH 48.6% (31.6–66, 30)
6 studies
(PI: 19 to 79)

41.3% (22.8–62.6, 90)
3 studies
(PI: 0 to 100)

0.61

Adverse events

Mild 2.8% (1.6–4.9, 47)
19 studies
(PI: 1 to 23)

2% (1–4.2, 0)
13 studies
(PI: 1 to 4)

0.5

Moderate 3.1% (1.9–5.1, 57)
19 studies
(PI: 1 to 22)

2.3% (0.6–3.4, 0)
13 studies
(PI: 1 to 4)

0.1

Severe 1.4% (0.7–2.5, 0)
19 studies
(PI: 1 to 3)

1.8% (0.9–3.5, 0)
13 studies
(PI: 1 to 4)

0.5

Egger’s publication bias (P value) 2-tailed: 0.15

POEM, Peroral endoscopic myotomy; PD pneumatic balloon dilation; GERD, gastroesophageal reflux disease; EGD, esphagogastroduodenoscopy.
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Discussion
The results of this meta-analysis show that POEM performed
significantly better than PD, in terms of clinical success for the
treatment of achalasia. We report a statistically significant
pooled odds ratio (OR) of clinical success with POEM at 12-
and 24-month follow-up, as compared to PD.

With a total of 6268 patients from 29 POEM cohorts and 33
PD cohorts, this is the most updated and the largest meta-anal-
ysis on the clinical outcomes of POEM and the first comparison
meta-analysis to PD in the treatment of achalasia. Based on our
study, we report a pooled OR of 8.97 and 5.64 in the rate of
clinical success with POEM in the treatment of achalasia com-
pared to PD, at 12- and 24-month follow-up, respectively.

In addition, the pooled proportions of clinical success at 12,
24, and 36 months with POEM were superior to those of PD.
The apparent superior clinical success of POEM over PD could
potentially be due to incomplete disruption of the circular mus-
cle of the esophagus during PD, whereas during POEM the
esophageal circular muscle and potentially the longitudinal
muscle are disrupted. Moreover, POEM is a technique that is
witnessing rapid improvements in the learning curve that will

have a favorable effect on the clinical success, adverse events
and post-POEM reflux.

Our study also shows that the clinical efficacy of both POEM
and PD tends to decrease with time, as shown bey the pooled
clinical success rates at 12 months for POEM vs PD (92.9% vs
76.9%), at 24 months for POEM vs PD (90.9% vs 74.8%), and at
36 months for POEM vs PD (88.4% vs 72.2%). This highlights
the underlying degenerative process of ganglion cells in achala-
sia with currently no treatment options to restore normal
esophageal function. Accordingly, patients will require long-
term follow-up and may need repeated or alternative treat-
ments. Nevertheless, the clinical results of PD decreased during
follow-up as compared with POEM, demonstrating a better in-
termediate and long-term efficacy of POEM over PD.

In this present study, POEM demonstrated superior results
versus PD for achalasia subtypes I, II, and III (92.7% vs 61%;
96.6% vs 80.3%; and 92.3% vs 41.9%, respectively). Though
these data were based on non-comparative analysis, this meta-
analysis demonstrates the value of POEM for each achalasia
subtype especially for type III (spastic) achalasia, for which out-
comes of other treatments have been suboptimal. POEM allows
for a longer myotomy that is generally not possible with pneu-

12-m clinical success, POEM & PD 
Group by Study name Statistics for each study Event rate and 95 % CI

Intervention  Event Lower Upper 
  rate limit limit

PD Aljebreen et al 2014 0.897 0.724 0.966
PD Andreevski et al 2013 0.654 0.457 0.809
PD Elliot et al 2013 0.757 0.706 0.803
PD Chuah et al 2008 0.818 0.650 0.916
PD Maris et al 2010 0.773 0.665 0.854
PD Tanaka et al 2010 0.727 0.596 0.828
PD Yamashita et al 2013 0.760 0.558 0.888
PD Mikaeli et al 2004 Group A 0.681 0.536 0.798
PD Mikaeli et al 2004 Group B 0.880 0.810 0.926
PD Persson et al 2015 0.786 0.598 0.900
PD Moonen et al 2016 0.938 0.868 0.972
PD Hamdy et al 2015 0.560 0.366 0.737
PD Borges et al 2014 0.583 0.441 0.713
PD Dobrucali et al 2004 0.792 0.587 0.911
PD  0.769 0.711 0.818
POEM Ramchandani et al 2016 0.885 0.793 0.939
POEM Worrell et al 2015 0.955 0.552 0.997
POEM Inhoue et al 2015 0.909 0.870 0.937
POEM Sharata et al 2015 0.979 0.864 0.997
POEM Nabi et al 2017 0.943 0.907 0.965
POEM Gulati et al 2017 0.813 0.553 0.938
POEM Ward et al 2017 0.976 0.846 0.997
POEM Tianying et al 2017 0.976 0.846 0.997
POEM Ling et al 2014 0.954 0.884 0.983
POEM Teitelbaum et al 2014 0.923 0.787 0.975
POEM  0.929 0.894 0.953

0.00 0.50 1.00− 1.00 − 0.50

▶ Fig. 2 Forest plot, 12-m clinical success, POEM and PD.
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matic dilation, potentially contributing to its clear superior effi-
cacy when compared to PD in patients with type III achalasia.
Recent guidelines recommended POEM as the preferred treat-
ment option for achalasia type III [93]

GERD is a well-established AE post POEM. Based on our anal-
ysis, the pooled OR of GERD by symptoms was 2.95 and the

pooled rate of reflux esophagitis by EGD was 6.98, both were
significantly higher with POEM as compared to PD (P=0.02
and P=0.001, respectively). Based on our analysis of cohort
data, the pooled rate of post-POEM GERD, as reported by symp-
toms was 19%, as diagnosed by reflux esophagitis on EGD was
27.5% and as diagnosed by pH monitoring was 48.6%. The cor-

24-m clinical success, POEM & PD 
Group by Study name Statistics for each study Event rate and 95 % CI

Intervention  Event Lower Upper 
  rate limit limit

PD Aljebreen et al 2014 0.862 0.685 0.947
PD Hassan et al 2017 0.935 0.776 0.984
PD Li et al 2017 0.414 0.252 0.596
PD Spillopoulos et al 2013 0.769 0.613 0.875
PD Mikaeli et al 2004 Group A 0.619 0.466 0.752
PD Mikaeli et al 2004 Group B 0.626 0.527 0.716
PD Moonen et al 2016 0.896 0.817 0.943
PD Borges et al 2014 0.438 0.305 0.579
PD Shejal et al 2016 0.927 0.796 0.976
PD Sabharwal et al 2002 0.789 0.684 0.867
PD  0.748 0.639 0.833
POEM Hungness et al 2016 0.920 0.853 0.958
POEM Lv et al 2016 0.957 0.748 0.994
POEM Khashab et al 2017 0.889 0.774 0.949
POEM Zhang et al 2017 0.906 0.746 0.969
POEM Ramchandani et al 2016 0.775 0.671 0.853
POEM Patel et al 2015 0.957 0.891 0.984
POEM Nabi et al 2017 0.913 0.860 0.947
POEM Tang et al 2017 0.903 0.829 0.947
POEM  0.906 0.841 0.946

0.00 0.50 1.00− 1.00 − 0.50

▶ Fig. 3 Forest plot, 24-m clinical success, POEM and PD.

36-m clinical success, POEM & PD 
Group by Study name Statistics for each study Event rate and 95 % CI

Intervention  Event Lower Upper 
  rate limit limit

PD Tanaka et al 2010 0.727 0.596 0.828
PD Mikaeli et al 2004 Group A 0.579 0.419 0.724
PD Mikaeli et al 2004 Group B 0.618 0.498 0.725
PD Persson et al 2015 0.864 0.652 0.955
PD Dagli et al 2009 0.829 0.747 0.888
PD  0.722 0.622 0.804
POEM Inoue et al 2015 0.885 0.778 0.944
POEM Guo et al 2017 0.881 0.779 0.939
POEM Nabi et al 2017 0.902 0.785 0.959
POEM Peng et al 2017 0.846 0.549 0.961
POEM  0.884 0.805 0.933

0.00 0.50 1.00− 1.00 − 0.50

▶ Fig. 4 Forest plot, 36-m clinical success, POEM and PD.
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responding values with PD were 17.8%, 14% and 41%, respec-
tively. It is important to note that not all patients underwent
post procedure gastroscopy surveillance and pH monitoring.
Only 89 patients (3.3%) of PD patients were subjected to sur-
veillance gastroscopy and pH monitoring.

While the clinical implications of the increased acid exposure
caused by POEM are currently incompletely understood, the
high incidence of post-POEM pathologic reflux is of concern.
Given this data, it is imperative that patients undergoing
POEM are counseled regarding the increased risk of post-proce-
dure reflux compared with pneumatic dilation. Post-procedure
management options include objective testing for esophageal
acid exposure, use of long-term acid suppressive therapy, and
surveillance upper endoscopy should be considered. Emerging
data suggest that combining POEM with anti-reflux measures,
such as transoral incisional fundoplication (TIF), may decrease
the incidence of esophagitis and lower the need for long-term
proton pump inhibitor (PPI) use [94]. We were unable to assess
POEM procedural factors such as anterior vs posterior myot-
omy, limiting the length of the gastric myotomy and preserving
the collar sling muscle that are known to reduce the rates of
post-POEM reflux, as it was out of scope for this study.

Our pooled results on the adverse events, as defined by the
ASGE lexicon, were comparable between POEM and PD. Most
intraprocedural adverse events (e. g., bleeding, mucosectomy,
symptomatic pneumoperitoneum) can be addressed and treat-
ed endoscopically without any sequelae. Mild AEs POEM vs PD
(2.8% vs 2%, P=0.5) and moderate AEs POEM vs PD (3.1% vs
2.3%, P=0.10) were comparable; similarly severe adverse
events were noted in POEM vs PD (1.4% vs 1.8% (P=0.5), estab-
lishing the fact that POEM and PD are both highly safe proce-
dures.

The strengths of this review are as follows: systematic litera-
ture search with well-defined inclusion criteria, careful exclu-
sion of redundant studies, inclusion of high-quality studies
with detailed extraction of data and rigorous evaluation of
study quality. We report both OR and cohort-based subgroup
comparison in our meta-analysis.

There are limitations to this study, most of which are inher-
ent to any meta-analysis. The included studies were not entirely
representative of the general population and community prac-
tice, with most studies being performed at tertiary-care referral
centers. Our analysis had studies that were retrospective in na-
ture contributing to selection bias and limited by few direct
comparative trials. Variability in the definitions of reported out-
comes among studies may have also affected the results. Espe-
cially with the use of variable definitions of dysphagia assess-
ment and Eckhardt’s score cut-off. PD protocol in PD studies
were not uniform and we were not able to ascertain if a repeat
dilation was allowed in all the PD studies included. Additionally,
in assessing outcomes of PD, some studies considered some of
the included patients as treatment failure based on single dila-
tion, whereas conventionally clinical failure is determined after
multiple graded dilations. Moreover, authors acknowledge that
the reported OR are derived from non-RCT studies, and unran-
domized, non-blinded selection of patients might have an influ-
ence on the reported outcomes.

Conclusions
In conclusion, based on our meta-analysis, POEM demonstrates
significantly better clinical success when compared to PD at 12,
24 and 36-month follow-up. Both procedures appear safe and
the rate of severe adverse events are low. GERD seemed to oc-
curs significantly more often after POEM in comparative data,
however the rates were comparable in cohort studied. Future
well-conducted studies to establish our findings and study the
long-term data on its consequences, surveillance and manage-
ment are needed.
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