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Abstract
Introduction Peroral endoscopic myotomy (POEM) demonstrated similar efficacy to surgical myotomy in the management 
of achalasia. However, gastroesophageal reflux disease (GERD) is common after POEM. The aim of this study is to identify 
factors associated with GERD after POEM.
Method After searching electronic databases, randomized trials and observational studies including patients with achalasia 
or other spastic esophageal disorders, treated by POEM, and providing GERD data were selected. GERD was evaluated by 
3 methods: pH monitoring, endoscopic findings, and symptoms. For each method, an analysis was performed comparing 
the outcomes related to the following independent variables: full-thickness (FT) vs circular myotomy, anterior vs posterior, 
long myotomy vs short myotomy, naive vs previous treatment failure, previous Heller myotomy (HM) vs non-previous-HM, 
Type I vs II, Type I vs III, and Type II vs III.
Results 2869 publications were identified, and 25 studies met criteria for inclusion in the qualitative analysis. Of these, 18 
were included in the meta-analysis. According to the endoscopic findings, circular and anterior myotomy demonstrated a 
lower trend of GERD with borderline significance (p = 0.06; p = 0.07, respectively). In the pH monitoring and symptom 
analyses, circular myotomy, anterior myotomy, treatment naive, and non-HM patients were associated with a lower occur-
rence of GERD; however, no statistically significant difference was found. When comparing achalasia subtypes, no statistical 
difference was found in all analyses.
Conclusion This systematic review and meta-analysis suggest that a circular anterior approach may limit post-POEM GERD 
and should be considered in appropriate patients.
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Achalasia is a rare primary esophageal motility disorder, 
characterized by incomplete relaxation of the lower esopha-
geal sphincter (LES) and aperistalsis of the esophageal body 

[1, 2]. These changes are attributed to degeneration of the 
myenteric plexus, resulting in dysfunctional esophageal 
motility and subsequent esophageal stasis. Achalasia may 
be infectious, autoimmune, drug-induced, or most frequently 
idiopathic [2]. The main manifestations of this disease 
include dysphagia, regurgitation, chest pain, and weight loss 
and it poses risk of aspiration pneumonia and esophageal 
squamous cell carcinoma in the long-term [3, 4]. The diag-
nosis is based on high-resolution manometry (HRM), which 
subdivides achalasia into 3 types, and barium esophagram 
which often shows a classic bird’s beak sign [5]. Treatment 
is not curative, and consists of techniques that decrease the 
LES pressure, either by endoscopic, pharmacological, or 
surgical approaches [3, 6].

and Other Interventional Techniques 
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In 2010, Inoue et al. [7] demonstrated satisfactory results 
of a new endoscopic technique called Peroral Endoscopic 
Myotomy (POEM). POEM is a minimally invasive and 
safe technique to reduce LES pressure, with success rates 
approaching 90% [6, 8]. It involves endoscopic creation of 
a submucosal tunnel, with subsequent myotomy of the distal 
esophagus, which is extended a few centimeters below the 
esophageal-gastric junction (EGJ) into the gastric wall [5, 9]

POEM is a therapeutic modality that provides efficacy 
and improvement in quality of life similar to surgical myot-
omy [8, 10, 11]. For this reason, POEM has quickly gained 
acceptance, even without long-term follow-up and rand-
omized trials comparing to other techniques. Unfortunately, 
decreasing LES pressure leads not only to symptom relief 
but may be associated with an increase in lower esophageal 
acid exposure and possibly symptomatic gastroesophageal 
reflux disease (GERD) [1]. This problem may be related to 
the performance of myotomy of the LES with no concomi-
tant antireflux procedure.

Since the introduction of POEM into clinical prac-
tice, there have been several procedural modifications in 
an attempt to make the procedure safer, more effective, 
and reproducible. These modifications include myotomy 
approach (full-thickness when all muscle layers are cut; 
partial-thickness when only the circular layer is cut), loca-
tion of the tunneling (anterior wall between 1 and 2 o’clock 
position; posterior wall between 5 and 6 o’clock position), 
and length of myotomy (long if ≥ 7 cm; or short if < 7 cm). 
These approaches typically vary according to operator expe-
rience and preference; however, patient characteristics can 
occasionally impact these technical aspects. Although these 
refinements have technically facilitated the procedure, their 
impact on adverse events, especially GERD, are unknown 
or controversial. In fact, based on objective observations, 
the occurrence of GERD after POEM ranges from 10 to 
57% and appears to be the major limitation of the proce-
dure [12–15]. Therefore, the aim of this systematic review 
and meta-analysis is to identify risk factor for GERD after 
POEM, with regard to procedure technique, patient charac-
teristics, and achalasia subtype.

Methods

Protocol and registration

This systematic review and meta-analysis was performed 
according to the Preferred Items for Systematic Review 
and Meta-Analysis (PRISMA) [16] and Meta-analysis Of 
Observational Studies in Epidemiology (MOOSE) group 
[17] recommendations. The study was also registered at the 
International Prospective Register of Systematic Reviews 
(PROSPERO) database [18] (number CRD 42019117733). 

Additionally, this study was approved by the Ethics Research 
Committee of Hospital das Clínicas da Faculdade de 
Medicina da Universidade de São Paulo.

Eligibility criteria

Observational studies and clinical tr ials with 
patients > 18 years old, providing information on the occur-
rence of post-POEM GERD, were searched, without lan-
guage restriction. If the same author submitted more than 
one study related to the topic, the most recent publication 
with the largest population would be included in the analy-
sis, and the other rejected to avoid duplicate data. Animal 
studies and studies with incomplete data were excluded. 
Patients diagnosed with achalasia as defined by Chicago 
Classification [19] treated by POEM with or without previ-
ous treatments were included.

The primary outcomes were incidence of GERD assessed 
objectively on pH monitoring, esophagogastroduodenoscopy 
(EGD), and based on symptoms. All variables related to the 
POEM technique, including length of myotomy (long versus 
short), thickness of myotomy (full-thickness versus circu-
lar), and orientation of myotomy (anterior versus posterior), 
were evaluated. Variables related to patient characteristics 
such as age, ethnicity, body mass index (BMI), presence 
of comorbidities, previous treatments failure (PTF) [(naive 
versus PTF)], and previous surgical myotomy failure (HM 
versus Non-HM) were also analyzed. Additionally, achalasia 
subtypes (Type I versus Type II, Type I versus Type III, and 
Type II versus Type III). An additional analysis was also 
performed to evaluate whether there is a difference in the 
frequency of GERD after POEM between Asian and West-
ern populations.

Information sources

The electronic databases searched were MEDLINE, Embase, 
LILACS, and Cochrane Library. Moreover, gray literature 
was assessed in references from the articles, book chapters, 
and theses. Last search was performed in February 2019. 
The search strategy was “(cardiospasm OR achalasia OR 
megaesophagus) AND (POEM OR peroral myotomy OR 
endoscopic myotomy OR peroral myotomy OR endoscopy 
myotomy).”

Selection of studies

The articles were initially selected after an assessment of 
the titles and abstracts in order to evaluate the relevance 
of the full text. This process was carried out by three inde-
pendent reviewers. Disagreements between the reviewers 
were resolved after a discussion and consensus with the 
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participation of the leading authors. To summarize the study 
selection processes, an adapted PRISMA flow diagram was 
used.

Data collection process

The following information was obtained from each study: 
authors, year of publication, country, study design, demo-
graphic data, body mass index (BMI), details of POEM 
technique, disease classification, previous therapies, pre 
and post Eckardt score, method of identification and cri-
teria for GERD, preoperative EGD and pH monitoring, 
follow-up duration, and time of postoperative GERD evalu-
ation. In studies with incomplete data, authors were con-
tacted by email to obtain additional information. Collected 
data included (a) variables related to the surgical technique 
including full-thickness versus circular myotomy, anterior 
versus posterior myotomy, and long versus short myotomy; 
(b) patients characteristics such as naïve versus PTF, HM 
prior to POEM versus Non-HM prior to POEM, age (< 60 
and ≥ 60 years old), and achalasia subtypes. The data regard-
ing relative frequency of GERD was obtained separately 
for each comparison group by three criteria: (a) presence 
of symptomatic reflux, as specified by a validated scoring 
system (GERD questionnaire (GerdQ) [20] or Frequency 
Scale For the Symptoms (FSSG)) [21]; (b) presence of reflux 
esophagitis on EGD according to the Los Angeles Classi-
fication [22] (LA); (c) esophageal acid exposure defined 
as over 5% of total time with esophageal pH < 4 on 24 h 
esophageal pH monitoring and/or DeMeester score > 14.72 
over the 24-h period.

Risk of bias

We identified and evaluated the risk of bias for all studies 
according to the New Castle-Ottawa Quality Assessment 
Scale [23] criteria, which assesses selection, comparability 
of cohorts based on the design, analysis and outcomes. We 
considered a study scoring ≥ 7 as a high-quality study. The 
quality of evidence was analyzed according to the Grading 
of Recommendations Assessment, Development and Evalua-
tion Working Group (GRADE) methodology [24]. Evidence 
for all comparisons performed between potential predictors 
and outcome (GERD after POEM) measured by the three 
different methods were analyzed individually.

Summary measures and synthesis of results

Dichotomous variables were analyzed by computing risk dif-
ference (RD) and Mantel–Haenszel Test. The random effect 
model was preferred. We used a 95% confidence interval 
and heterogeneity was calculated using the method of Hig-
gins (I2). If heterogeneity > 50% was detected, the Egger Test 

[25] was then used to identify publication bias and outlier 
studies, which were then removed to adjust heterogeneity 
to < 50%. The relationship between sample size and effect 
for each outcome was graphically analyzed using a forest 
plot. Funnel plots were used to assess risk of publication bias 
or inconsistency between the study outcomes. The analysis 
was performed using the software RevMan 5 (Review Man-
ager Version 5.3.5, Cochrane Collaboration, London, UK) 
[26]. Quantitative analyses were only performed using Rev-
Man 5 software for comparisons in which 3 or more studies 
could be included.

Results

Study selection

In the initial search, 2869 studies were screened and assessed 
for eligibility by evaluating titles and abstracts. Of these, 
426 duplicated studies were removed, and 2443 titles and 
abstracts were analyzed. Finally, 31 studies were judged 
as potentially relevant and were analyzed in full text. After 
applying eligibility criteria, 25 studies were included in the 
systematic review. Of these, 18 were included in the quanti-
tative analysis. This process is summarized in Fig. 1.

Studies characteristics

Of the 25 studies included in the systematic review, 5 were 
randomized clinical trials (RCT) [3, 27–30], 1 case–control 
[30], and 19 were cohort studies [1, 5, 6, 9, 10, 12, 31–43]. 
Seventeen of these studies were from Asia. Five cohort 
studies were excluded from the meta-analysis. Of these, 3 
[33–35] did not report GERD data categorized by potential 
predictors, one [36] was the only study to report age as a 
potential predictor (not allowing comparison) and one did 
not provide data on GERD frequency diagnosed by objective 
methods [4]. The studies of Nabi Z, 2018 and Ramchandani 
M, 2018 are from the same cohort and those from Kumbhari 
V. 2017 and Ngamruengphong, S, 2017 have some overlap. 
Because of this we excluded one of each pair of reports from 
the quantitative analysis.

The 25 studies were heterogeneous in their design and 
used different diagnostic criteria for GERD. However, 
most of the studies measured GERD by more than one 
diagnostic method. The time at which post-POEM evalu-
ation of GERD occurred varied from 1 to 36 months and 
few studies reported preprocedural EGD results regard-
ing reflux esophagitis. Some considered the presence of 
esophagitis pre-POEM an exclusion criterion, but no stud-
ies reported pH monitoring before POEM. Any grade of 
Los Angeles Classification [22] was considered as diag-
nostic of GERD upon EGD in all studies. The time of 
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evaluation for each diagnostic method also varied within 
studies. We obtained data on the frequency of GERD rang-
ing from 3 to 12 months after POEM. Most patients with a 
previous history of HM underwent POEM with a posterior 
and full-thickness myotomy technique. The main criteria 
used to diagnose GERD were the same in all studies. The 
characteristics of the included studies are summarized in 
Table 1.

Risk of bias within and across studies

The majority of studies analyzed were observational. There 
were 5 randomized controlled trials (RCT) and 1 case con-
trol study. To aggregate all these studies under the same 
analysis strategy, we opted to consider them all observa-
tional. For the RCTs and case control study, we collected 
data on prognostic factors from the intervention group only. 
According to the Newcastle-Ottawa Quality Assessment 
Scale criteria, 2 out of the 24 studies scored < 7 (Table 2). 
The certainty of the results was low for all assessments. Full-
tables and figures with this analysis are included in the sup-
plementary data (Tables 1 to 8 in the supplementary data).

Meta‑analysis results

Table 3 summarizes the results of this meta-analysis.

Full‑thickness versus circular myotomy

pH monitoring Four observational studies including 322 
subjects in the full-thickness group and 81 subjects in the 
circular group were included in this analysis [10, 32, 39, 44]. 
GERD was reported in 170 (53%) patients who underwent 
full-thickness POEM versus 35 (43%) in those undergoing 
circular myotomy. None of the studies individually demon-
strated a statistically significant difference between these 
two techniques. Accordingly, the meta-analysis showed 
no significant difference (IC: 0.04 [− 0.08, 0.15], p = 0.51, 
I2 = 0%) (Fig. 2).

Endoscopic findings Four observational studies including 
208 subjects in the full-thickness group and 218 subjects in 
the circular group were included in this analysis. GERD was 
reported in 28 (13%) patients who underwent full-thickness 
POEM versus 17 (8%) in those undergoing circular myot-
omy [9, 10, 37, 43]. None of the studies individually dem-

Fig. 1  PRISMA flow diagram
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onstrated a statistically significant difference between these 
two techniques. The meta-analysis indicated a lower rate of 
GERD in the circular group with borderline significance 
(IC: 0.05 [− 0.00, 0.10], p = 0.06, I2 = 0%) (Fig. 3).

Symptom assessment Four observational studies including 
212 subjects in the full-thickness group and 220 subjects in 
the circular group were included in this analysis [9, 10, 37, 
43]. GERD was reported in 37 (17%) patients who under-
went full-thickness POEM versus 32 (15%) those undergo-
ing circular myotomy. None of the studies individually dem-
onstrated a statistically significant difference between these 
two techniques. Likewise, the meta-analysis did not show 

a significant difference between groups (IC: 0.03 [-0.03, 
0.09], p = 0.31, I2 = 0%) (Fig. 4).

Anterior versus posterior myotomy

pH monitoring Five studies were included in this analysis 
[3, 27, 30, 38, 44]. Of these studies, 3 were RCTs [3, 27, 
30] and 2 were observational studies [38, 44]. This analysis 
included 495 subjects in the anterior group and 196 subjects 
in the posterior group. GERD was reported in 213 (43%) 
patients who underwent anterior myotomy versus 70 (36%) 
in those who underwent posterior myotomy. One of these 
studies demonstrated a statistically significant difference 

Table 1  Characteristics of the studies included

NA not available, RCT  randomized controlled trial, vs versus, m months, yo years old, EGD esophagogastroduodenoscopy, PTF previous treat-
ment failure, N total number of study participants
a The time to evaluate GERD ranged from 3 to 12 months among the 3 diagnostic methods within the same study

Study Country Design N Comparison Criteria of GERD Follow-upa

Khashab MA, 2018 USA RCT 150 Anterior vs posterior pH monitoring 12 m
Nabi Z, 2018 India Retrospective cohort 502 Naive vs PTF pH monitoring, EGD, symp-

toms
12 m

Tan Y, 2018 China RCT 63 Anterior vs posterior pH monitoring, EGD, symp-
toms

12 m

Ramchandani M, 2018 India RCT 60 Anterior vs posterior pH monitoring, EGD 3 m
Zhang X, 2018 USA Retrospective cohort 318 HM vs non-HM pH monitoring, EGD, symp-

toms
6 m

Zu QL, 2018 China Retrospective cohort 849 Naive vs PTF EGD, symptoms 12 m
Kumbhari V, 2017 USA Case–control 282 Anterior vs posterior/ full-

thickness vs circular/ naive 
vs PTF

pH monitoring 3 m

Ngamruengphong S, 2017 USA Retrospective cohort 180 HM vs non-HM EGD, symptoms NA
Li C, 2017 China Retrospective cohort 33 Full-thickness vs circular EGD, symptoms 12 m
Kristensen HΦ, 2017 Denmark Retrospective cohort 66 HM vs non-HM Symptoms 3 m
Mondragón OVH, 2017 Mexico Cohort 66 Chicago classification pH monitoring, 3 m
Duan T, 2017 China Retrospective cohort 123 Full-thickness vs circular pH monitoring, EGD, symp-

toms
12 m

Gao Q, 2017 China RCT 100 Long vs short myotomy Non-specified 12 m
Aslan F, 2017 Turkey Retrospective cohort 225 Anterior vs posterior EGD 3 m
Tang X, 2017 China Retrospective cohort 113  ≥ 60 yo vs < 60 yo EGD 3 m
Wang XH, 2016 China Retrospective cohort 56 Full-thickness vs circular pH monitoring, EGD, symp-

toms
36 m

Shiwaku H, 2016 Japan Retrospective cohort 152 Anterior vs posterior pH monitoring, EGD, symp-
toms

3 m

Familiari P, 2016 Italy Retrospective cohort 103 Chicago classification/ HM vs 
non-HM

pH monitoring, EGD, symp-
toms

6 m

Gong W, 2016 China Retrospective cohort 97 Long vs short myotomy Non-specified 12 m
Familiari P, 2016 Italy RCT 73 Long vs short myotomy Non-specified 6 m
Wang J, 2015 China Prospective cohort 46 Full-thickness vs circular pH monitoring 3 m
Tang X, 2015 China Prospective cohort 77 Naive vs PTF pH monitoring 12 m
Tang X, 2015 China Prospective cohort 68 Chicago classification pH monitoring NA
Zhou PH, 2013 China Prospective cohort 12 HM EGD, symptoms 3 m
Q L Li, 2013 China Prospective cohort 234 Full-thickness vs circular EGD, symptoms 3 m
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between the outcomes comparing these two techniques [38], 
favoring the anterior approach. However, the meta-analysis 
showed no significant difference (IC: − 0.08 [− 0.20, 0.04], 
p = 0.17, I2 = 44%) (Fig. 5).

Endoscopic findings Three studies were included in this 
analysis [3, 28, 38]. Of them, 2 were RCTs [3, 28] and 1 
was an observational study [38]. This analysis included 
148 subjects in the anterior group and 111 subjects in 
the posterior group. GERD was reported in 75 (51%) 
of patients who underwent anterior myotomy versus 59 
(53%) of those who underwent posterior myotomy. One of 
these studies [38] demonstrated a statistically significant 
difference between the outcomes comparing these two 
techniques favoring the anterior approach. The meta-anal-
ysis showed a lower rate of GERD in the anterior group 
with borderline significance (IC: − 0.09 [− 0.20, 0.01], 
p = 0.07, I2 = 0%) (Fig. 6).

Symptoms assessment Only two studies [28, 38] reported 
GERD by symptoms assessment in this subgroup. Of 
these, there was one RCT [28] and one observational study 
[38]. The overall sample included 123 subjects in the ante-
rior group and 84 subjects in the posterior group. GERD 
was reported in 16 (13%) patients who underwent anterior 
POEM versus 13 (15%) in those who underwent posterior 
POEM. None of the studies individually demonstrated a 
statistically significant difference between the outcomes. 
No meta-analysis was performed for this outcome.
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Table 3  Summary of meta-analysis results

Comparison Risk difference p value Favors

Post-POEM GERD risk according to pH monitoring
 Full-thickness versus 

circular
0.04 (− 0.08, 0.15) p = 0.51 Circular

 Anterior versus pos-
terior

− 0.08 (− 0.20, 0.04) p = 0.17 Anterior

 Naive versus PTF −0.00 (− 0.08, 0.08) p = 0.98 Naive
 Type I versus Type II − 0.04 (− 0.15, 0.07) p = 0.45 Type I

Post-POEM GERD risk according to endoscopic findings
 Full-thickness versus 

circular
0.05 (0.00, 0.10) p = 0.06 Circular

 Anterior versus pos-
terior

− 0.09 (− 0.20, 0.01) p = 0.07 Anterior

 HM versus non-HM 0.03 (− 0.11, 0.17) p = 0.69 Non-HM
Post-POEM GERD risk according to symptom assessment
 Full-thickness versus 

circular
0.03 (− 0.03, 0.09) p = 0.31 Circular

 HM versus non-HM 0.07 (− 0.13, 0.28) p = 0.47 Non-HM
Post-POEM GERD risk according to non-specific assessment
 Long versus short − 0.05 (− 0.18, 0.08) p = 0.47 Long
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Fig. 2  Risk difference of GERD after POEM (measured by pH monitoring) between full-thickness and circular myotomy

Fig. 3  Risk difference of GERD after POEM (measured by EGD) between full-thickness and circular myotomy

Fig. 4  Risk difference of GERD after POEM (measured by symptoms assessment) between full-thickness and circular myotomy

Fig. 5  Risk difference of GERD after POEM (measured by pH monitoring) between anterior and posterior myotomy
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Long versus short myotomy

pH monitoring Three studies compared long versus short 
myotomy [29, 30, 39]. However, only one study provided 
information on the frequency of GERD diagnosed by pH 
monitoring [30]. This study was observational and included 
23 subjects in the long myotomy group and 26 subjects in 
the short myotomy group. In this specific comparison GERD 
was reported in 10 (43%) patients from the long myotomy 
group versus 17 (65%) patients of the short myotomy group 
with no statistical difference.

Endoscopic findings and Symptom assessment Three stud-
ies compared these two techniques [29, 30, 39]. None of 
these provided information on the frequency of GERD 
according to endoscopic findings or symptom assessment.

Nonspecific assessment Three studies were included in 
this analysis [29, 30, 39]. Out of these studies, 2 were RCT 
[29, 30] and 1 was an observational study [39]. They pro-
vided the frequency of GERD without mentioning how it 
was assessed. This analysis included 150 subjects in the 
long myotomy group and 124 subjects in the short myotomy 
group. GERD was reported in 33 (22%) patients who under-
went long myotomy versus 37 (30%) who underwent short 
myotomy. Pooled data from the meta-analysis did not find a 
significant difference between these techniques (IC: − 0.05 
[− 0.018, 0.08], p = 0.47, I2 = 48%) (Fig. 7).

Naive versus PTF

pH monitoring Three observational studies including 269 
subjects in the naive group and 187 subjects in the PTF 
group were included in this analysis [40, 41, 44]. GERD was 
reported in 132 (49%) patients from the naive group versus 

Fig. 6  Risk difference of GERD post POEM (measured by EGD) between anterior and posterior myotomy

Fig. 7  Risk difference of GERD (nonspecific assessment) post POEM between long and short myotomy

Fig. 8  Risk difference of GERD post POEM (measured by pH monitoring) between naive and PTF group
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66 (35%) patients from the PTF group. None of the stud-
ies individually demonstrated a statistically significant dif-
ference between the outcomes comparing these two groups 
and the meta-analysis also showed no significant difference 
(IC: − 0.00 [− 0.08, 0.08], p = 0.98, I2 = 0%) (Fig. 8).

Endoscopic findings Only one observational study [40] 
comparing these two categories of patients provided infor-
mation on the frequency of GERD assessed by endoscopic 
findings. This study included 131 subjects in the naive 
group and 116 subjects in the PTF group. GERD was 
reported in 29 (22%) patients in the naive group versus 24 
(20%) patients in the PTF group. The study concluded that 
the occurrence of GERD by endoscopic erosions was simi-
lar in both groups (p = 0.88).

Symptom assessment Only one observational study [40] 
comparing these two categories of patients provided infor-
mation on the frequency of GERD by symptoms assessment. 
This study included 134 subjects in the naive group and 146 
subjects in the PTF group. GERD was reported in 22 (16%) 
patients in the naive group versus 26 (18%) patients in the 
PTF group. The study did not demonstrate a statistically sig-
nificant difference between these two groups (p = 0.87).

HM versus Non‑HM

pH monitoring Two observational studies [1, 31] compar-
ing these two groups provided information on the frequency 
of GERD assessed by pH monitoring. The overall sample 

included was 27 subjects with HM prior to POEM and 244 
subjects with no-HM prior to POEM. GERD was reported 
in 14 (52%) of those undergoing HM prior to POEM ver-
sus 119 (49%) patients who did not undergo HM prior to 
POEM. None of the studies individually demonstrated a sta-
tistically significant difference between the outcomes com-
paring these two groups. No meta-analysis was performed 
for this outcome.

Endoscopic findings Three observational studies including 
70 subjects in HM prior to POEM and 291 subjects with 
non-HM prior to POEM were included in this analysis 
[1, 6, 31]. GERD was reported in 31 (44%) patients who 
underwent HM prior to POEM versus 93 (32%) who did 
not undergo HM prior to POEM. None of the studies indi-
vidually demonstrated a statistically significant difference 
between the outcomes comparing these two groups. The 
meta-analysis showed no significant difference either (IC: 
0.03 [− 0.11, 0.17], p = 0.69, I2 = 0%) (Fig. 9).

Symptom assessment Four observational studies includ-
ing 133 subjects in HM prior to POEM and 500 subjects 
in non-HM prior to POEM were included in this analysis 
[1, 5, 6, 31]. GERD was reported in 47 (35%) patients who 
underwent to HM prior to POEM versus 138 (28%) who 
did not undergo prior HM. Two [5, 31] of the analyzed 
studies showed a trend towards a lower rate of GERD in 
the non-HM group and the other two demonstrated a trend 
towards a lower rate of GERD in the HM group. Pooled 
data from meta-analyses did not find a significant difference 

Fig. 9  Risk difference of GERD post POEM (measured by EGD) between HM and non-HM group

Fig. 10  Risk difference of GERD post POEM (measured by symptoms assessment) between HM and non-HM group
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between groups (IC: 0.07 [− 0.13, 0.28], p = 0.47, I2 = 75%) 
(Fig. 10).

Type I versus Type II

pH monitoring Three observational studies including 94 
subjects in the Type I group and 241 subjects in the Type 
II group were included in this analysis [1, 42, 44]. GERD 
was reported in 42 (45%) patients with Type I achalasia 
versus 121 (50%) patients with Type II achalasia. None of 
the studies individually demonstrated a statistically signifi-
cant difference between the outcomes comparing these two 
subtypes of achalasia. The meta-analysis also showed no 
significant difference (IC: − 0.04 [− 0.15, 0.07], p = 0.45, 
I2 = 0%) (Fig. 11).

Endoscopic findings and symptom assessment Three obser-
vational studies compared these two subtypes of achalasia 
[1, 42, 44]. Only one provided information on the frequency 
of GERD according to endoscopic findings or symptom 
assessment [1]. This study included 26 subjects in the Type 
I group and 46 subjects in the Type II group. GERD was 
reported in 5 (19%) patients with Type I achalasia versus 
9 (20%) patients with Type II achalasia, assessed by endo-
scopic findings and 2 (8%) patients with Type I achalasia 
versus 7 (15%) patients with Type II achalasia, measured by 
symptom assessment. The study demonstrated no statisti-
cally significant difference between the outcomes compar-
ing these two subtypes of achalasia.

Type I versus Type III

pH monitoring Two observational studies [1, 44] compared 
these two subtypes of achalasia and provided information on 
the frequency of GERD measured by pH monitoring. The 
overall sample included 75 subjects in the Type I group and 
23 subjects in the Type III group. GERD was reported in 
28 (37%) patients with Type I achalasia versus 14 (61%) 
patients with Type III achalasia. None of the studies indi-
vidually demonstrated a statistically significant difference 

between the two subtypes of achalasia. No meta-analysis 
was performed for this outcome.

Endoscopic findings and symptom assessment Two studies 
compared these two subtypes of achalasia [1, 44]. Only one 
provided information on the frequency of GERD according 
to endoscopic findings or symptom assessment [1]. This 
study included 26 subjects in the Type I group and 2 sub-
jects in the Type III group. GERD was reported in 5 (19%) 
patients with Type I achalasia versus 0 patients with Type 
III achalasia, assessed by endoscopic findings and 2 (8%) 
patients with Type I achalasia versus 0 patients with Type 
III achalasia, measured by symptoms assessment. The study 
demonstrated no statistically significant difference between 
the outcomes comparing these two subtypes of achalasia.

Type II versus Type III

pH monitoring Two observational studies [1, 44] com-
pered these two subtypes of achalasia. The overall sample 
included 192 subjects in the Type II group and 23 subjects 
in the Type III group were included in this analysis. GERD 
was reported in 95 (49%) patients with Type II achalasia 
versus 14 (61%) patients with Type III achalasia. None of 
the studies individually demonstrated a statistically signifi-
cant difference between the two subtypes of achalasia. No 
meta-analysis was performed.

Endoscopic findings and symptom assessment Two studies 
compared these two subtypes of achalasia [1, 44]. Only one 
provided information on the frequency of GERD according 
to endoscopic findings or symptom assessment [1]. This 
study included 46 subjects in the Type II group and 2 sub-
jects in the Type III group. GERD was reported in 9 (20%) 
patients with Type II achalasia versus 0 patients with Type 
III achalasia, assessed by endoscopic findings and 7 (15%) 
patients with Type II achalasia versus 0 patients with Type 
III achalasia, measured by symptoms assessment. The study 
demonstrated no statistically significant difference between 
the outcomes comparing these two subtypes of achalasia.

Fig. 11  Risk difference of GERD post POEM (measured by pH monitoring) between Type I and Type II achalasia
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Age (≥ 60 years versus < 60 years)

Endoscopic findings Only one study compared age-related 
patient groups and provided information on the frequency 
of GERD assessed by endoscopic findings [36]. This 
was an observational study and included 8 patients who 
were ≥ 60  years old and 50 patients who were < 60  years 
old. The proportion of GERD was 25% among those 
who were ≥ 60  years old and 22% among those who 
were < 60 years old, with no statistical difference between 
groups (p = 0.90).

pH monitoring and  symptom assessment Only one study 
compared age-related patient groups [36]. This study did 
not provide information on the frequency of GERD accord-
ing to pH monitoring or symptom assessment.

Additional analysis

We intended to compare studies including Eastern and West-
ern populations in the analysis for each of the comparisons 
performed in the main analysis. However, it was not possible 
because there were less than 3 studies that could be included 
in the same comparison group or there were no comparable 
outcomes.

Discussion

This is the first systematic review and metanalysis assessing 
risk factors of GERD after POEM for achalasia, including 
analyses based on pH monitoring, endoscopic findings, and 
symptoms. We found that patient-related factors, different 
achalasia subtypes, and variations in the myotomy technique 
do not differ in the incidence of post-POEM GERD.

When comparing groups according to the orientation of 
the myotomy (anterior versus posterior), a lower frequency 
of GERD assessed by EGD was found in the anterior myot-
omy group with borderline significance (p = 0.07); neverthe-
less, we did not find the same results by pH monitoring or 
symptoms assessment, which may render this result mean-
ingless. The likely explanation for a higher frequency of 
GERD in patients submitted to a posterior myotomy is the 
damage to the angle of His, located at approximately the 8 
o’clock position, which is a natural antireflux mechanism 
[3, 28]. One way to avoid damage to the angle of His, thus 
reducing the occurrence of GERD, is to perform the myot-
omy between the 5 and 6 o’clock position [3]. One RCT [3] 
found a greater frequency of GERD with posterior myotomy; 
however, a higher incidence of mucosal injury with ante-
rior myotomy was observed. Additionally, this study found 
no differences in operative time, technical success, bleed-
ing, or adverse events related to insufflation [3]. The higher 

incidence of mucosal damage in the anterior myotomy 
may be related to the acute tip angulation required to hook 
the circular muscle layer and the subsequent uncontrolled 
release of the knife upon cutting the muscle [45]. Based on 
our results, we believe that an anterior myotomy performed 
with caution is preferred; however, if a posterior myotomy is 
performed, the 5 to 6 o’clock position should be favored with 
careful attention to avoid the sling fibers of the angle of His.

Individually, the studies did not demonstrate significant 
difference between full-thickness and circular myotomy 
approaches. However, in the meta-analysis, a lower fre-
quency of GERD by endoscopic criteria was found in the 
circular group with borderline significance (p = 0.06). These 
studies used the Los Angeles Classification (LA) [22] as 
the endoscopic criteria for GERD and most of the patients 
presented with esophagitis grade A and B. Some authors 
believe that complete myotomy is a prerequisite for sufficient 
and long-term reduction of pressure in the LES [9, 37]. An 
incomplete myotomy with possible fibrotic scarring may be 
considered one of the main reasons for the recurrence of 
achalasia symptoms [43]. However, several studies showed 
similar efficacy when comparing full-thickness and circu-
lar myotomy [9, 10, 43]. Selective myotomy of the circular 
fibers is often difficult to achieve because the longitudinal 
muscle fibers of the esophagus can be extremely thin, which 
often leads to unintentional incision of the longitudinal fib-
ers. At the esophagogastric junction (EGJ), a clear separa-
tion of the circular muscle layer and longitudinal muscle 
layer during the myotomy is very difficult, resulting in dam-
age to the freno-esophageal ligaments, which may contribute 
to post-POEM GERD [1]. Studies comparing these two tech-
niques show that performing the circular myotomy technique 
increases the procedure time. However, there is no difference 
when we compare the occurrence of adverse events such as 
bleeding, pneumoperitoneum, or inadvertent injury to the 
esophageal mucosa [9, 10, 43].

Comparing POEM performed by long myotomy or short 
myotomy, we found only abstracts that identified GERD 
without specifying the diagnostic methods used. The meta-
analysis of these studies showed no difference between the 
techniques related to post-POEM GERD. However, the 
method used for GERD diagnosis may not have been uni-
form between studies.

The impact of previous treatments of achalasia on the 
viability of POEM, its efficacy, and the adverse events rate 
was evaluated in several studies [4, 40, 46, 47]. The included 
studies showed no difference in the rate of post-POEM 
GERD assessed by pH monitoring in comparison between 
patients with or without prior non-surgical treatment for 
achalasia and prior treatment. The previous application of 
botulinum toxin (BTI) can obliterate the planes between the 
mucosa and the muscle, making the dissection more dif-
ficult. Both BTI and pneumatic endoscopic balloon dilation 
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(PBD) induced esophageal inflammation and fibrosis in ani-
mal models. Due to this difficulty in separating dissection 
planes, a selective myotomy of the muscular layer can be 
more challenging; however, this does not appear to effect 
rates of post-POEM GERD [40].

We did not find a difference in the incidence of GERD 
measured by EGD or symptoms assessment when comparing 
groups with previous HM and non-HM. The studies included 
in the analysis by each diagnostic method were different and 
when analyzed individually, demonstrated no statistically 
difference in GERD rate between the two groups. HM has 
been considered the gold standard treatment for achalasia 
[6, 31]. Besides leading to a significant reduction in LES 
tone, which relieves symptoms, the possibility to make a 
fundoplication, whether partial or complete, reduces the risk 
of subsequent GERD. However, when HM fails, few treat-
ment options are available. Re-do HM is technically chal-
lenging and carries a higher risk of adverse events and lower 
efficacy, compared to primary HM [6, 31]. Recently, POEM 
has been described as an opportune rescue therapy for those 
patients [6]. Several studies [6, 31, 40] have demonstrated 
a similar risk of GERD among patients undergoing POEM 
with prior HM and patients with no history of HM. The 
initial hypothesis was that patients who underwent previous 
HM might have a lower risk of GERD after POEM since 
they had a fundoplication. However, our results do not sup-
port this hypothesis.

Although there is evidence that achalasia subtype is 
related to response after POEM, we did not find a significant 
difference in the proportion of post-POEM GERD between 
type I versus type II subtypes of achalasia analyzed by pH 
monitoring [48].

As previously highlighted, the development of GERD is 
the major shortcoming for POEM. Interestingly, even before 
POEM procedure, several endoscopic therapies for GERD 
have emerged as alternatives to the surgical fundoplica-
tion. Ultimately, combining POEM with some endoluminal 
modality to treat GERD might eventually mitigate this prob-
lem. Currently there are several endoscopic methods to treat 
GERD including plication of the gastroesophageal junction 
(GEJ), radiofrequency, and mucosal resection of the gas-
tric cardia [49], among others [50–52]. A systematic review 
and meta-analysis of 16 RCTs [53] compared the efficacy 
of endoscopic procedures versus sham therapies, pharma-
cological or surgical approaches. The article showed better 
short-term efficacy of endoscopic procedures compared to 
sham and pharmacological or surgical treatments. However, 
the long-term efficacy of endoscopic GERD therapies is not 
well established [54]

This systematic review and meta-analysis is not exempt 
from limitations. The studies are heterogeneous in design 
and methods. However, the meta-analysis showed low sta-
tistical heterogeneity (< 50%) in all the analyses. Different 

approaches were employed to confirm the diagnosis of 
GERD. Additionally, the time of the post-POEM evalua-
tion of GERD ranged from 3 to 36 months, which could 
have created comparisons at different times of follow-up. 
Moreover, not all studies used the three diagnostic methods: 
pH monitoring, endoscopic criteria, and symptoms assess-
ment to define GERD, which did not allow a homogene-
ous comparison between the studies, divided by diagnostic 
method. Finally, the diagnostic criteria for GERD in all stud-
ies included differ from the 2018 Lyon Consensus [55] as 
they were performed prior to 2018. Lyon Consensus does 
not consider grade A and B esophagitis by the Los Ange-
les Classification [22] as diagnostic of GERD. Because of 
this, many patients who were included in the quantitative 
analyses as having GERD measured by EGD would not be 
diagnosed with GERD with current practice. Moving for-
ward it would be ideal for centers to adopt these criteria 
aiming to standardize diagnosis and facilitating comparison 
between centers. In spite of these limitations that are some-
what inherent to many meta-analyses, we believe that our 
findings may have significant clinical implications for the 
endoscopic management of patients with achalasia.

To our knowledge, this is the first meta-analysis to assess 
the risk of GERD after POEM including relevant and objec-
tive comparisons. This study synthesizes all current knowl-
edge regarding this controversial matter and may inform the 
management of patients with achalasia undergoing endo-
scopic myotomy.

Conclusion

This systematic review and meta-analysis identified a lower 
frequency of post-POEM GERD with borderline statistical 
significance, as assessed by EGD, in patients undergoing 
circular myotomy and anterior myotomy. Myotomy length, 
achalasia subtype, history of previous treatment, and pre-
vious Heller myotomy did not influence the development 
of post-POEM GERD. These results suggest that a circular 
anterior approach may limit post-POEM GERD and might 
be considered in appropriate patients.

Compliance with ethical standards 

Disclosures Eduardo Guimarães Hourneaux de Moura is consultant for 
Boston Scientific and Olympus. Christopher C. Thompson is consultant 
for Boston Scientific, Apollo Endosurgery, Fractyl, USGI medical and 
Olympus. Raquel Cristina Lins Mota, Diogo Turiani Hourneaux de 
Moura, Wanderlei Marques Bernardo, Eduardo Turiani Hourneax de 
Moura, Vitor O. Brunaldi, and Paulo Sakai have no conflict of interest 
or financial ties to disclose.



396 Surgical Endoscopy (2021) 35:383–397

1 3

References

 1. Familiari P, Greco S, Gigante G et al (2016) Gastroesophageal 
reflux disease after peroral endoscopic myotomy: analysis of clini-
cal, procedural and functional factors, associated with gastroe-
sophageal reflux disease and esophagitis. Dig Endosc 28(1):33–41

 2. Bonifácio P, de Moura DTH, Bernardo WM et al (2018) Pneu-
matic dilation versus laparoscopic Heller’s myotomy in the treat-
ment of achalasia: systematic review and meta-analysis based 
on randomized controlled trials. Dis Esophagus. https ://doi.
org/10.1093/dote/doy10 5

 3. Ramchandani M, Nabi Z, Reddy DN et al (2018) Outcomes of 
anterior myotomy versus posterior myotomy during POEM: a 
randomized pilot study. Endosc Int Open 6(2):E190–E198

 4. Liu ZQ, Li QL, Chen WF et al (2018) The effect of prior treat-
ment on clinical outcomes in patients with achalasia under-
going peroral endoscopic myotomy. Endoscopy. https ://doi.
org/10.1055/a-0658-5783

 5. Kristensen HØ, Kirkegård J, Kjær DW et al (2017) Long-term 
outcome of peroral endoscopic myotomy for esophageal acha-
lasia in patients with previous Heller myotomy. Surg Endosc 
31(6):2596–2601

 6. Ngamruengphong S, Inoue H, Ujiki MB et al (2017) Efficacy 
and safety of peroral endoscopic myotomy for treatment of acha-
lasia after failed heller myotomy. Clin Gastroenterol Hepatol 
15(10):1531–1537

 7. Inoue H, Minami H, Kobayashi Y et al (2010) Peroral endo-
scopic myotomy (POEM) for esophageal achalasia. Endoscopy 
42(4):265–271

 8. Schlottmann F, Luckett DJ, Fine J et al (2018) Laparoscopic 
heller myotomy versus peroral endoscopic myotomy (POEM) 
for achalasia: a systematic review and meta-analysis. Ann Surg 
267(3):451–460

 9. Li C, Gong A, Zhang J et al (2017) Clinical outcomes and 
safety of partial full-thickness myotomy versus circular muscle 
myotomy in peroral endoscopic myotomy for achalasia patients. 
Gastroenterol Res Pract 2017:2676513

 10. Duan T, Tan Y, Zhou J et al (2017) A Retrospective study of per-
oral endoscopic full-thickness myotomy in patients with severe 
achalasia. J Laparoendosc Adv Surg Tech A 27(8):770–776

 11. Talukdar R, Inoue H, Nageshwar Reddy D et al (2015) Efficacy 
of peroral endoscopic myotomy (POEM) in the treatment of 
achalasia: a systematic review and meta-analysis. Surg Endosc 
29(11):3030–3046

 12. Ramirez M, Zubieta C, Ciotola F et al (2018) Per oral endo-
scopic myotomy vs. laparoscopic Heller myotomy, does gastric 
extension length matter? Surg Endosc 32(1):282–288

 13. Von Renteln D, Fuchs KH, Fockens P et  al (2013) Peroral 
endoscopic myotomy for the treatment of achalasia: an inter-
national prospective multicenter study. Gastroenterology 
145(2):309–311

 14. Werner YB, Costamagna G, Swanström LL et al (2016) Clini-
cal response to peroral endoscopic myotomy in patients with 
idiopathic achalasia at a minimum follow-up of 2 years. Gut 
65(6):899–906

 15. Familiari P, Gigante G, Marchese M et al (2016) Peroral endo-
scopic myotomy for esophageal achalasia: outcomes of the first 
100 patients with short-term follow-up. Ann Surg 263(1):82–87

 16. Moher D, Liberati A, Tetzlaff J, Altman DG (2009) Preferred 
reporting items for systematic reviews and meta-analyses: the 
PRISMA statement. PLoS Med 6(7):1–6

 17. Stroup DF, Berlin JA, Morton SC et al (2000) Meta-analysis of 
observational studies in epidemiology: a proposal for report-
ing. Meta-analysis Of Observational Studies in Epidemiology 
(MOOSE) group. JAMA 283(15):2008–2012

 18. PROSPERO (2019) International prospective register of system-
atic reviews. www.crd.york.ac.uk/CRDWe b/ShowR ecord .asp

 19. Pandolfino JE, Kwiatek MA, Nealis T et al (2008) Achalasia: a 
new clinically relevant classification by high-resolution manom-
etry. Gastroenterology 135:1526–1533

 20. Jones R, Junghard O, Dent J et al (2009) Development of the 
GerdQ, a tool for the diagnosis and management of gastro-oesoph-
ageal reflux disease in primary care. Aliment Pharmacol Ther 
30:1030–1038

 21. Kusano M, Shimoyama Y, Sugimoto S et al (2004) Development 
and evaluation of FSSG: frequency scale for the symptoms of 
GERD. J Gastroenterol 39:888–891

 22. Armstrong D, Bennett JR, Blum AL et al (1996) The endoscopic 
assessment of esophagitis: a progress report on observer agree-
ment. Gastroenterology 111:85–92

 23. Wells G, Shea B, O’Connell J, Robertson J et al (2011) The 
Newcastle-Ottawa Scale (NOS) for assessing the quality of non-
randomised studies in meta-analysis. Ottawa Hospital Research 
Institute, Ottawa

 24. GRADEpro GDT: GRADEpro Guideline Development Tool 
[Software] (2015) McMaster University (developed by Evidence 
Prime, Inc.). gradepro.org

 25. Egger M, Davey Smith G, Schneider M, Minder C (1997) Bias 
in meta-analysis detected by a simple, graphical test. Br Med J 
315:629–634

 26. Review Manager (RevMan) [Computer program]. Version 5.3. 
(2014) The Nordic Cochrane Centre, The Cochrane Collabora-
tion, Copenhagen

 27. Khashab MA, Sanaei O, Ponchon T et al (2018) Peroral endo-
scopic myotomy (POEM): anterior versus posterior approach, a 
randomized single-blinded clinical trial gastrointestinal endos-
copy. In: Conference: digestive diease week, DDW 2018 ASGE. 
United States. 87(6 Supplement 1):AB119

 28. Tan Y, Lv L, Wang X et al (2018) Efficacy of anterior ver-
sus posterior per-oral endoscopic myotomy for treating acha-
lasia: a randomized, prospective study. Gastrointest Endosc 
88(1):46–54

 29. Gao Q, Tu S, Tang X et al (2017) Mid-term outcomes of a 
single center randomized controlled trial comparing peroral 
endoscopic short versus long myotomy for achalasia in China. 
Am J Gastroenterol 112(Supplement 1):S173–S174

 30. Familiari P, Calì A, Landi R et al (2016) Long vs short POEM 
for the treatment of achalasia. Interim analysis of a randomized 
controlled trial. Gastrointest Endosc 83(5 SUPPL. 1):AB624

 31. Zhang X, Modayil RJ, Friedel D et al (2018) Per-oral endo-
scopic myotomy in patients with or without prior Heller’s 
myotomy: comparing long-term outcomes in a large U.S. single-
center cohort (with videos). Gastrointest Endosc 87(4):972–985

 32. Wang J, Tan N, Xiao Y et al (2015) Safety and efficacy of the 
modified peroral endoscopic myotomy with shorter myotomy 
for achalasia patients: a prospective study. Dis Esophagus 
28(8):720–727

 33. Hernández Mondragón OV, González Martinez MA, Blancas 
Valencia JM et al (2017) Long-term quality of life after peroral 
endoscopic myotomy remains compromised in patients with 
achalasia type III. Endoscopy 49(12):1209–1218

 34. Zhou PH, Li QL, Yao LQ et al (2013) Peroral endoscopic remy-
otomy for failed Heller myotomy: a prospective single-center 
study. Endoscopy 45(3):161–166

 35. Aslan F, Akpinar Z, Yurtlu DA et al (2017) What is the effect 
of myotomy site on per-oral endoscopic myotomy? Comparison 
of anterior and posterior myotomy. United Eur Gastroenterol J 
5(5 Supplement 1):A347

 36. Tang X, Ren Y, Gao Q et al (2017) Peroral endoscopic myotomy 
is safe and effective in achalasia patients aged older than 60 

https://doi.org/10.1093/dote/doy105
https://doi.org/10.1093/dote/doy105
https://doi.org/10.1055/a-0658-5783
https://doi.org/10.1055/a-0658-5783
http://www.crd.york.ac.uk/CRDWeb/ShowRecord.asp


397Surgical Endoscopy (2021) 35:383–397 

1 3

years compared with younger patients. Geriatr Gerontol Int 
17(12):2407–2413

 37. Wang XH, Tan YY, Zhu HY et al (2016) Full-thickness myot-
omy is associated with higher rate of postoperative gastroesoph-
ageal reflux disease. World J Gastroenterol 22(42):9419–9426

 38. Shiwaku H, Yamashita K, Matsuoka T et al (2016) Retrospec-
tive case series of GERD after poem: a comparison of anterior 
and posterior myotomy. United Eur Gastroenterol J 4(5 Supple-
ment 1):A679–A680

 39. Gong W, Tang X, Huang S et al (2016) Peroral endoscopic 
shorter versus longer myotomy for the treatment of achalasia: 
a comparative study. Am J Gastroenterol 111(Supplement 
1):S138–S139

 40. Nabi Z, Ramchandani M, Chavan R et al (2018) Peroral endo-
scopic myotomy in treatment-naïve achalasia patients versus prior 
treatment failure cases. Endoscopy 50(4):358–370

 41. Tang X, Deng Z, Gong W, Jiang B (2015) Feasibility and safety of 
peroral endoscopy myotomy for achalasia after failed endoscopic 
or surgical interventions: a prospective study. Gastrointest Endosc 
81(5 SUPPL. 1):AB490

 42. Tang X, Deng Z, Gong W, Jiang B (2015) Outcomes of peroral 
endoscopic myotomy for achalasia depend on manometric sub-
type. Gastrointest Endosc 81(5 SUPPL. 1):AB493

 43. Li QL, Chen WF, Zhou PH et al (2013) Peroral endoscopic myot-
omy for the treatment of achalasia: a clinical comparative study 
of endoscopic full-thickness and circular muscle myotomy. J Am 
Coll Surg 217(3):442–451

 44. Kumbhari V, Familiari P, Bjerregaard NC et al (2017) Gastroe-
sophageal reflux after peroral endoscopic myotomy: a multicenter 
case-control study. Endoscopy 49(7):634–642

 45. Bechara R, Onimaru M, Ikeda H, Inoue H (2016) Per-oral endo-
scopic myotomy, 1000 cases later: pearls, pitfalls, and practical 
considerations. Gastrointest Endosc 84(2):330–338

 46. Souma Y, Nakajima K, Taniguchi E et al (2017) Mucosal perfora-
tion during laparoscopic surgery for achalasia: impact of preopera-
tive pneumatic balloon dilation. Surg Endosc 31:1427–1435

 47. Smith CD, Stival A, Howell DL et al (2006) Endoscopic therapy 
for achalasia before Heller myotomy results in worse outcomes 
than Heller myotomy alone. Ann Surg 243:579–586

 48. Greene CL, Chang EJ, Oh DS et  al (2015) High resolution 
manometry sub-classification of Achalasia: does it really mat-
ter? Does Achalasia sub-classification matter? Surg Endosc 
29(6):1363–1367

 49. Inoue H, Ito H, Ikeda H (2014) Anti-reflux mucosectomy for gas-
troesophageal reflux disease in the absence of hiatus hernia: a pilot 
study. Ann Gastroenterol 27(4):346–351

 50. Triadafilopoulos G, DiBaise JK, Notrant TT et al (2001) Radi-
ofrequency energy delivery to the gastroesophageal junction for 
the treatment of GERD. Gastrointest Endosc 53:407–415

 51. Cadiere GB, Rajan A, Rqibate M et al (2006) Endoluminal fun-
doplication (ELF)-evolution of EsophyXTM, a new surgical 
device for transoral surgery. Minim Invasive Ther Allied Technol 
15:348–355

 52. Louis H, Deviere J (2003) Endoscopic implantation of Enteryx 
for the treatment of gastroesophageal reflux disease: technique, 
pre-clinical and clinical experience. Gastrointest Endosc Clin N 
Am 13:191–200

 53. Coronel MA, Bernardo WM, Moura DTH et al (2018) The Effi-
cacy of the difference endoscopic treatment versus sham, pharma-
cologic or surgical methods for chronic gastroesophageal reflux 
disease: a systematic review and meta-analysis. Arq Gastroenterol 
55(3):296–305

 54. De Moura EGH, Sallum RAA, Nasi A et al (2018) Endoscopic 
polymer injection and endoluminal plication in treatment of gas-
troesophageal reflux disease: evaluation of long-term results. 
Endosc Int Open 6(5):E630–E636

 55. Gyawali CP, Kahrilas PJ, Savarino E et al (2018) Modern diagno-
sis of GERD: the Lyon Consensus. Gut 67(7):1351–1362

Publisher’s Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.


	Risk factors for gastroesophageal reflux after POEM for achalasia: a systematic review and meta-analysis
	Abstract
	Introduction 
	Method 
	Results 
	Conclusion 

	Methods
	Protocol and registration
	Eligibility criteria
	Information sources
	Selection of studies
	Data collection process
	Risk of bias
	Summary measures and synthesis of results

	Results
	Study selection
	Studies characteristics
	Risk of bias within and across studies
	Meta-analysis results
	Full-thickness versus circular myotomy
	pH monitoring 
	Endoscopic findings 
	Symptom assessment 

	Anterior versus posterior myotomy
	pH monitoring 
	Endoscopic findings 
	Symptoms assessment 

	Long versus short myotomy
	pH monitoring 
	Endoscopic findings and Symptom assessment 
	Nonspecific assessment 

	Naive versus PTF
	pH monitoring 
	Endoscopic findings 
	Symptom assessment 

	HM versus Non-HM
	pH monitoring 
	Endoscopic findings 
	Symptom assessment 

	Type I versus Type II
	pH monitoring 
	Endoscopic findings and symptom assessment 

	Type I versus Type III
	pH monitoring 
	Endoscopic findings and symptom assessment 

	Type II versus Type III
	pH monitoring 
	Endoscopic findings and symptom assessment 

	Age (≥ 60 years versus < 60 years)
	Endoscopic findings 
	pH monitoring and symptom assessment 


	Additional analysis

	Discussion
	Conclusion
	References




