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INTRODUCTION

Achalasia is characterized by partial or absent relaxation of the 
lower esophageal sphincter (LES) and non-peristaltic contractions 
in the esophageal body(1). It remains an uncommon disease in the 
general population, with an estimated prevalence of seven to 13 
cases per 100,000 individuals(2), but is the most common esophageal 
motility disorder. In Brazil, the most common etiology is chronic 
Chagas disease, and it is estimated that it affects approximately 7% 
to 10% of people infected with Trypanosoma cruzi (3). Symptoms 
related to the disease include regurgitation and dysphagia, caused 
by obstruction of the alimentary flow to the stomach, in addition 
to retrosternal pain, likely related to the spasm of the musculature 
to overcome the obstruction of the LES(4,5).

There are several less invasive treatment modalities for acha-
lasia, but unfortunately none provide definitive therapy for the 
disease. In general, the treatment targets relaxation of  the LES, as 
it is felt that the non-relaxation of  the LES leads to obstruction 
of  food and thus the subsequent symptoms associated with the 
disease(6). Traditionally, pharmacological treatment and botuli-
num toxin injection are used in early cases(7). Until recently, for 
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more advanced cases, pneumatic dilatation by endoscopy and 
surgical laparoscopic Heller myotomy (LHM) were the indicated 
treatments. These two modalities had similar efficacy results, 
however, there was a longer symptom-free period associated with 
the surgical therapy(8-10).

In 2010, Inoue and colleagues described peroral endoscopic my-
otomy (POEM) as a new modality of treatment for achalasia(11). It 
combines the benefits of less invasive endoscopic treatment with the 
durability of surgical therapy, which decreases the need for recurrent 
procedures in the long term. The procedure consists of making a 
submucosal tunnel from the middle esophagus to the proximal stom-
ach, followed by total or partial myotomy of the muscle. One major 
criticism of the procedure is that it does not involve an anti-reflux 
valve system confection, which might lead to an increased rate of 
post-procedure reflux in comparison to LHM, which is often paired 
with a fundoplication at the time of the myotomy(12,13).

To date, only few studies with small sample sizes have aimed to 
compare outcomes of LHM vs POEM. Randomized clinical trials 
are still ongoing, yet none are completed to date. Thus, the aim 
of this study is to perform a systematic review and meta-analysis 
to compare the efficacy and safety of POEM compared to LHM.
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METHODS

Protocols and registration
This systematic review is in accordance with the Preferred Re-

porting Items for Systematic reviews and Meta-analyses (PRISMA) 
recommendations and registered on PROSPERO international 
database (www.crd.york.ac.uk/prospero/) under the number 
CRD42018085796. 

Search strategy
We conducted a systematic review of  the world literature 

with individualized searches of MEDLINE, EMBASE, Scopus, 
LILACS, BVS, Cochrane Central Register of  Controlled Trials 
(CENTRAL) from inception through April 2019. The following 
medical subject heading (MESH) terms were used: 

Medline: (esophageal achalasia OR cardiospasm OR achalasia 
OR megaesophagus) and (POEM OR Peroral endoscopic myotomy 
or peroral esophageal myotomy or per-oral myotomy) and (Heller 
myotomy OR laparoscopic myotomy OR surgery myotomy).

EMBASE, Scopus, LILACS, BVS, Cochrane Central Regis-
ter of Controlled Trials (CENTRAL): esophageal achalasia and 
POEM and Heller myotomy.

Study eligibility criteria
We sought and included studies according to the following 

criteria:
Study type: prospective or retrospective studies with abstract and 
full text available, regardless of date or language of publication.
Study population: all adult patients (≥18 years of age) with one 
of three subtypes of achalasia, with or without prior history 
of therapy for achalasia. 
Types of intervention: Per-Oral Endoscopic Myotomy (POEM) 
versus surgical cardiomyotomy (Heller).
Outcome measures: Eckardt Score reduction, Post-Operative 
Eckardt comparison, postoperative gastroesophageal reflux 
disease (GERD), operative time, overall complication rate, 
length of hospital stay, postoperative pain score.

Exclusion criteria
All articles involving pediatric patients and all articles which 

evaluated the efficacy and safety of treatment of only one of the 
subtypes of  achalasia by manometric classification Chicago(14) 
were excluded. 

Data collection
All search hits, abstracts, and full texts were evaluated for eligi-

bility by three reviewers independently, who had experience in data 
extraction for retrospective and prospective studies, by using the 
predefined inclusion and exclusion criteria. Any differences were 
resolved via discussion between the three reviewers. If  the same 
research group published more than one article, it was decided 
to include both studies if  there were different or complementary 
results. The data was included in Excel tables. Data from the studies 
included first author, year of publication, country, study design, 
and follow-up time. The outcomes were analyzed in other tables.

Studies quality appraisal
The Modified Newcastle-Ottawa quality assessment scale was 

used and scores above 5 were considered satisfactory for the qual-
ity evaluation.

Statistical analysis
Effect sizes for continuous variables were analyzed using the 

mean difference (MD) and standard deviation (SD) with 95% 
confidence interval. For categorical variables, we used the risk 
difference (RD) with 95% confidence interval. The RD and MD 
were considered statistically significant at a P-value less than 0.05. 
Pooling of  continuous data required the mean and SD of  each 
study. However, some of the published clinical trials only reported 
the size of the trial, the median, and range. Using these available 
statistics, estimates of the mean and SD were obtained using the 
Hozo et al. formula(15).

Heterogeneity among studies was assessed using I2 index in-
troduced by Higgins and Thompson(16). Significant heterogeneity 
was defined as I

2
>50%. A random-effect model was used except for 

when statistical heterogeneity was not significant (i.e. if  I2<50%, 
fixed effect model was used.) If  necessary, a funnel plot was con-
structed, and the outsider study was excluded from the analysis. 

To analyze the majority of outcomes, RevMan 5.3 was used. 
However, for the analysis of  Eckardt Score reduction, we used 
Comprehensive Metanalysis Software (version 3.3.070) as it allows 
an analysis using the pre- and post-values of the Eckardt Score, 
which cannot be performed in RevMan 5.

RESULTS

Study selection and characteristics
The initial search resulted in 387 articles. Twelve were duplicates 

and were excluded. Twenty-four studies fulfilled initial eligibility 
criteria. However, of these, nine were descriptive reviews or meta-
analyses, one analyzed only type III achalasia, one analyzed only the 
extension of myotomy, and one was only a descriptive study about 
post-procedure pain and thus they were excluded from the analysis, 
resulting in 12 studies for our meta-analysis. All 12 studies were cohort 
studies, as no randomized clinical trials were available (FIGURE 1).FIGURE 1. Prisma flow chat. 
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Two studies(17,18) were published by the same group on a similar 
patient population, however, the outcomes analyzed in each study 
were different and thus they were included in this analysis. Ujiki et 
al.(19) and Ward et al.(20) are from the same group, but the publications 
(completed in 2013 and 2017) consisted of a heterogeneous group of 
patients and had different results, thus both studies were used in this 
analysis. There were 893 patients overall; 359 in POEM group and 
534 in LHM. The study characteristics are summarized in TABLE 1.

Risk of bias
The risk of bias between studies queue done with Modified New 

Castle Ottawa, as shown in TABLE 2. All articles were considered 
adequate for analysis in our study given scores of ≥5.

Therapeutic efficacy
The main clinical measure of efficacy for treatment of achalasia 

is the Eckardt score value, which consists of the analysis of weight 
loss, dysphagia severity, a sensation of retrosternal pain and regurgi-
tation. We found adequate data in 7 of the 12 studies, including 542 
patients. When the initial analysis of the Eckardt score reduction 
was performed, a greater reduction was observed in patients whom 
underwent POEM compared to LHM, with statistical significance. 
A Forrest Plot tool was used to investigate the heterogeneity of 
the sample, and we noticed that two studies(19,21) had significantly 
different levels of preoperative Eckardt scores between the groups, 
which may have led to the aforementioned finding of statistically 
significant reduction in Eckardt score in favor of the POEM cohort. 
However, when these two studies were excluded from the analysis, 
there was no longer significant heterogeneity amongst the studies 
(I2=25%), yet the result remained the same and continued to favor 
the POEM group (MD= -0.257, 95% CI: -0.512 to -0.002, P=0.04) 
(FIGURE 2).

TABLE 1. Study Characteristics

Study Year Population
Intervention

Outcomes Follow-up
POEM Heller

Pascale et al. 2017 74 32 42 Eckardt Score, GERD-Score, OPT 26.5–27.3 W

Kashab et al. 2017 104 52 52 Compl. 8.90–15.6 W

Ward et al. 2017 65 41 24 Eckardt Score, IBP use, LHS, Pain 52W

Peng et al. 2017 31 13 18 Eckardt Score, GERD-Score, LHS, OPT, Compl. 197–231 W

Sanaka et al. 2016 178 36 142 Eckardt Score 9 W

Schneider et al. 2016 50 25 25 Eckardt Score, GERD-Score, OPT 36.2–158.1 W

Chan et al. 2015 56 33 23 Reflux Synt., LHS, OPT, Pain, Compl. 26–260 W

Kumagai et al. 2015 83 42 41 pH-testing, LHS, OPT, Compl. NR

Bhayani et al. 2014 11 37 64 pH-testing, LHS, OPT, Compl. 52 W (POEM group)

Ujiki et al. 2013 39 18 21 Eckardt Score, GERD-Score, OPT, LHS, Pain, 
Compl. 16.4–23.4 W

Teitelbaum et al. 2013 29 12 17 Eckardt, GERD-score NR

Hungness et al. 2012 73 18 55 LHS, OPT, Pain, Compl. 26 W
OPT: Operative Time; GERD-Score: Gastroesophageal Reflux Disease Score; Compl.: Complication; LHS: Length of Hospital Stay; W: weeks

TABLE 2. Modified Newcastle-Ottawa Quality Assessment Scale.

Representativeness 
of exposed cohort

Selection of 
non-exposed 

cohort

Ascertainment 
of exposure

Comparability of 
cohorts on the 

basis of the design 
or analysis

Assessment of 
outcome

Adequacy of 
follow up

Score and 
levels of 
evidence

(max. 1 point) (max. 1 point) (max. 1 point) (max. 2 points) (max. 1 point) (max. 1 point) (max 7 points)

Pascale et al. 1 1 1 2 1 6

Kashab et al. 1 1 1 1 1 5

Ward et al. 1 1 1 2 1 1 7

Peng et al. 1 1 1 2 1 1 7

Sanaka et al. 1 1 1 2 1 1 7

Schneider et al. 1 1 1 2 1 1 7

Chan et al. 1 1 1 2 1 1 7

Kumagai et al. 1 1 1 1 1 5

Bhayani et al. 1 1 1 2 1 1 7

Hungness et al. 1 1 1 2 1 1 7

Ujiki et al. 1 1 1 2 1 1 7

Teitelbaum et al. 1 1 1 1 1 1 7
Modified New Castle Ottawa
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Post-operative gastroesophageal reflux
Seven of the 12 studies were included in the meta-analysis to 

assess post-procedure gastroesophageal reflux, with a total of 352 
patients. Measures for analysis in the various studies included: 
GERD-score, pH-testing, the presence of symptoms and use of 
proton pump inhibitor at the end of the study. There was no statis-
tical difference in postoperative reflux (RD: -0.00, 95% CI: (-0.09, 
0.09), I2: 0%, P=0.96) (FIGURE 3).

Operative time
Seven of the 12 studies allowed for analysis of operative time, 

with a total of  422 patients. There was no statistical difference 
between the techniques regarding the operative time (MD= -10.26, 
95% CI -5.6 to 8.2, P<0.001) (FIGURE 4).

Length of hospital stay
Data for analysis of hospitalization time were available in 7 of 

FIGURE 2. Eckardt Score Reduction analysis without outliers studies.

FIGURE 3. Post-Operative Gastroesophageal Reflux.

FIGURE 4. Operative time.
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the 12 studies, with a total of 451 patients. It was observed that those 
who underwent endoscopic myotomy had shorter hospitalization 
time than the patients submitted to the surgical procedure (MD: 
-0.6, 95% CI -1.11 to -0.09, P=0.02), but with high heterogeneity 
(I2=70%) (FIGURE 5).

Adverse events
To analyze procedural-related adverse events, Clavien-Dindo 

(CD) classification was established to standardize the data. Seven 
studies provided adequate data for analysis. Two studies provided 
the classification specifically (Kumagai et al.(22) and Hungness 
et al. (18)), while others provided data and the present authors clas-
sified them accordingly (Khashab et al.(23), Peng et al.(24), Chan et 
al.(25), Bhayani et al.(26), Ujiki et al.(19)).

There was no severe adverse event in either group, as observed in 
TABLE 3. Minor adverse events (CD I and II) were more frequent 
in the laparoscopic group, while major events (CD III a and IIIb) 
were more common in the POEM group, with a total of 7 events 
(TABLE 3). There were no deaths related to the procedures.

DISCUSSION

The goal of  treatment of achalasia is reduction of lower es-
ophageal sphincter pressure, through pharmacologic relaxation or 
more invasive dissection or splitting of the LES muscular fibers 
through a variety of  diverse techniques. Until recently, the gold 
standard for definitive treatment was surgical myotomy, consist-
ing of a controlled partial or full thickness dissection of muscle 
fibers, in addition to partial fundoplication to reduce the incidence 
of post-procedure gastroesophageal reflux disease. In 2010, Inoue 
and colleagues first published on the use of POEM in humans(11), 

and it has since been shown in many small studies to have similar 
safety and efficacy results in comparison to LHM.

Our meta-analysis revealed that the patients whom underwent 
POEM had better symptomatic relief  than those whom underwent 
LHM. While prior systematic reviews and meta-analysis have not 
elucidated this same finding. This is likely due to the small number 
of patients included in those studies with short term follow-up, and 
thus lack of power to demonstrate a significant result(27-29). There 
was only one study, by Peng et al.(24), which had follow-up time 
greater than 12 months. In this study, the authors demonstrated 
that there was no statistically significant differences between values 
of Eckardt scores in the POEM vs LHM groups at the end of the 
study period. They also demonstrated that a satisfactory therapeutic 
response occurred in more than 80% of the patients overall without 
statistically significant differences between the groups. A similar 
result was observed in a recent meta-analysis(30), which compared 
isolated case series of POEM vs LHM, where the authors demon-
strated that in the short-term POEM technique had better results, 
but when the follow-up was greater than 1 year, the result tended 
to be the same between the two groups.

There are several cases series with longer follow-up time which 
showed that the efficacy of POEM is sustained over time. Inoue et 
al.(31) published a case series with up to 3-year follow-up and showed 
a persistent reduction in Eckardt score in this period. Ngamrueng-
phong S et al.(32), in a multicenter study, reported an efficacy of 91% 
(defined as Eckardt <3) at the end of a 2-year follow-up period. Li 
QL et al.(33) demonstrated an efficacy of 87.1% at the end of a 5-year 
follow-up period. These authors were the first to demonstrate that 
previous intervention prior to POEM or LHM and longer duration 
of disease could be possible causes of  therapeutic failure. Thus, 
from these prior studies is evident that symptomatic improvement 

TABLE 3. Adverse events after procedure.

Kashab et al. Peng et al. Chan et al. Kumagai et al. Bhayani et al. Uijiki et al. Hungness et al.

Clavien-Dindo POEM Heller POEM Heller POEM Heller POEM Heller POEM Heller POEM Heller POEM Heller

I 1 1 1 3 7

II 4 1 1 1

IIIa 1 1 1

IIIb 1 1 1 1 1 1 1 1

FIGURE 5. Length of hospital stay.
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based on long-term Eckardt score reduction is similar between 
those patients treated with POEM vs LHM, and long-term studies 
demonstrate that this outcome appears to be sustained.

In this systematic review, post-POEM reflux ranged from 7.5% 
to 47%, whereas for surgical myotomy reflux ranged from 5.6% 
to 43%, which was not statistically significantly different between 
the groups. These rather broad ranges are likely related to the 
heterogeneity amongst the studies in terms of the mode by which 
post-procedure reflux was analyzed. There is a clear dissociation 
between the presence or absence of reflux symptoms and the finding 
or absence of pathological reflux measured by objective measures 
(pH-testing) and endoscopic analysis. Inoue et al.(31) reported en-
doscopic findings consistent with reflux in 56.3% of patients, while 
only 21.3% of patients reported symptoms consistent with reflux 
disease. All patients had symptomatic control with the use of  a 
proton-pump inhibitor. In the study published by Pascale et al.(34), 
only 12.5% of patients after POEM were symptomatic, whereas 
esophagitis and endoscopy findings reached 40%. Scheneider et 
al.(35) demonstrated a 54.3% rate of esophagitis in the postoperative 
endoscopy of POEM. Teitelbaum et. al., in a large multi-center 
study(17) of  patients whom underwent POEM, demonstrated a 
change in pH-testing of 57.8% and 37.5% at the end of one-year 
and two-year follow up, respectively. 

One case series meta-analysis(30) with the largest number of 
patients, used patient reported symptoms to demonstrate that the 
two procedures cause comparable rates of  symptoms indicative 
of  post-procedure reflux disease. However, when evaluated on 
postoperative endoscopy, there was a greater number of patients 
with esophagitis (22.4 versus 11.5%) in patients whom underwent 
POEM; when evaluated on pH-testing, reflux was present in up to 
47.5% of the patients whom underwent POEM compared to only 
11.1% in the surgical myotomy group. Notably, almost all of the 
published studies to date have high rates of patients whom are lost 
to follow-up, which most certainly impacts data analysis. It is of 
our opinion that standardization in measurement must occur in 
this patient population. While use of 24-hour pH and impedance 
testing can be limited given requirement of placement and removal 
of the catheter in a healthcare setting, we believe this should be the 
established standard for post-operative reflux analysis. 

Regarding operative time, only one study(22) demonstrated 
longer operative time for POEM, and the author thinks that this 
was related to a learning curve of the endoscopists. All other stud-
ies demonstrated a shorter procedure time in the POEM group. 
Additionally, our analysis demonstrated that POEM is associated 
with a shorter length of hospital stay. Thus, as providers continue 
to gain more experience with POEM, the hope is that the procedure 
time and length of stay will continue to improve. As both of these 
factors contribute to hospital costs, with ongoing experience and 
improvement in these parameters, it may lead to decreased health-
care utilization and expenditure over time. 

In terms of adverse events, there is no standardized classifica-
tion system for comparison, thus we chose to use the Clavien-
Dindo classification for its simplicity and clarity(36). Our study 
demonstrated a low rate of adverse events and no reported deaths. 
Notably, subcutaneous emphysema and inadvertent mucosal per-
foration were not classified as adverse events, unless they were not 
immediately recognized and/or required procedures beyond the 

normal intraoperative interventions. Unfortunately, most of  the 
major adverse events were related to unrecognized intraoperative 
mucosal perforation. Some recent studies(7,37,38) found no difference 
in adverse events or efficacy after treatment with POEM vs Heller in 
patients treated with different previous therapies (dilation, Botox, 
and surgery)(4,7,21,38-41). However, a separate prior study by Ren et 
al.(42) showed a higher complication rate in POEM, perhaps related 
to the learning curve. More recently, experienced endoscopists 
have shown very low complication rates in POEM, such as Inoue 
et al.(31) and Zhang XC(43) et al., which demonstrated 3.2% and 
3.3% of major adverse events, respectively. In the largest study ever 
published, with 1826 patients whom underwent POEM, including 
American, European, and Asian studies, the rate of adverse events 
was 7.5%, and of  these, only four patients required conversion 
to surgery(12). In our study, we observed comparable low adverse 
events rates in the POEM and LHM groups, thus from a safety 
perspective, either procedure can be considered in the management 
options of achalasia.

Five of 12 studies describe peri- or postoperative pain, but the 
report of pain is quite heterogeneous, which does not allow accurate 
meta-analysis. Ward et al.(20) evaluated postoperative pain accord-
ing to an analog pain scale and the need for analgesic medication 
at hospital discharge. They observed that there was less pain at 
hospital discharge in patients whom underwent POEM compared 
to LHM. By analyzing visual pain scale and analgesic medication 
requirement, Docimo S Jr et al.(44) found significantly less pain in 
POEM patients. Chan et al.(25) evaluated the need for postoperative 
pentamidine and found that patients undergoing LHM required 
more medication. Hungness et al.(18) evaluated the level of pain in 
the recovery unit and in the first postoperative period, noting no 
difference between the groups, and Ujiki et al.(19) demonstrated a 
better result for the POEM cohort by comparing both the need 
for morphine derivatives and the visual analog pain scale. Thus, 
based on these studies, one can argue that POEM patients seem to 
have less pain than LHM patients, although additional comparator 
studies and a standardized way of measurement must be done to 
confirm this finding.

Limitations
Our study has some limitations due to heterogeneity among 

the studies. Only one study had a follow-up period of greater than 
12 months, making it impossible to evaluate long-term outcomes 
in this review. Randomized trials comparing methods are not 
available yet in the literature, which reduces the level of evidence 
from this review.

CONCLUSION

POEM demonstrated similar results compared to laparoscopic 
Heller myotomy with regards to improvement of dysphagia, post-
procedure reflux, and surgical time, with the benefit of  shorter 
length of  hospital stay. Therefore, POEM can be considered an 
option for patients with achalasia.
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