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1  |  INTRODUC TION

Achalasia is a rare esophageal motility disorder characterized by an 
increased lower esophageal sphincter (LES) and loss of esophageal 
peristalsis, with an incidence of approximately 1 in 100 000 people 
per year in adults.1 Major symptoms include dysphagia, vomiting, 
chest pain, weight loss, heartburn, and respiratory complications 
due to regurgitation.1 The goal of treatment is relegated to symp-
tomatic relief via disruption of the LES, and laparoscopic Heller my-
otomy (LHM) with partial fundoplication has been recommended as 

the gold standard treatment for achalasia.2 Peroral endoscopic my-
otomy (POEM) was first reported in 20103 and has been performed 
extensively worldwide. To date, the clear indications for LHM and 
POEM remain unknown; therefore, the appropriate application of 
LHM and POEM remains controversial. Although several studies 
have demonstrated a high clinical success and safety of POEM, most 
studies have shown only short-  and mid- term outcomes. However, 
recent studies have analyzed the long- term outcomes over 5 y. In 
this review, we draw on previous reports to discuss the long- term 
outcomes and future status of LHM and POEM for achalasia.
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Abstract
Achalasia is a rare esophageal motility disorder characterized by nonrelaxation of the 
lower esophageal sphincter. Laparoscopic Heller myotomy (LHM) is the gold standard 
treatment for achalasia. Peroral endoscopic myotomy (POEM), a less invasive treat-
ment, is performed extensively, and the selection of the intervention method remains 
debatable to date. In addition to the availability of extensive studies on short- term 
outcomes, recent studies on the long- term outcomes of LHM and POEM have shown 
similar clinical success after 5 y of follow- up. However, gastroesophageal reflux dis-
ease (GERD) was more common in patients who had undergone POEM than in those 
who had undergone LHM. Moreover, existing studies have compared treatment out-
comes in various disease states. Some studies have suggested that POEM is superior 
to LHM for patients with type III achalasia because POEM allows for a longer my-
otomy. Research on treatment for sigmoid types is currently in progress. However, the 
long- term results comparing LHD and POEM are insufficient, and the best treatment 
remains controversial. Further research is needed, and treatment options should be 
discussed with patients and tailored to their individual needs and pathologies.
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2  |  EFFIC ACY

2.1  |  Long- term outcomes of LHM

Esophageal myotomy via left thoracotomy was first proposed by 
Heller in 1913, and the transabdominal approach was performed in 
the 1940s.4,5 Gastroesophageal anatomic and functional antireflux 
barriers were missing, resulting in gastroesophageal reflux, and fun-
doplication was performed to prevent reflux esophagitis. Nissen6 
proposed the full wrap in 1958, Dor6 developed the anterior wrap 
in 1962, and Toupet6 popularized the posterior wrap in 1963.6 LHM 
was first performed by Shimi et al in 1991, and is the most widely 
used laparoscopic esophageal myotomy to date.7 Although several 
studies have analyzed the treatment outcomes, studies on long- term 
results are limited. Table 1 summarizes the long- term results over 5 
y (how we conducted the literature review is described below).8- 27 
According to the previous reports, clinical response was based on 
the Eckardt score or the rate of dysphagia improvement. The Eckardt 
score is the sum of symptom scores for dysphagia, regurgitation, 
chest pain, and the degree of weight loss proposed by Eckardt et al 
in 1992.28 In recent years, many reports have described an Eckardt 
score of 3 or less as a clinical response. The rate of dysphagia im-
provement was defined as the clinical response in those reports that 
did not include an Eckardt score. The efficacy of LHM ranged from 
49.8% to 98.1% after a median of over 5 y of follow- up. Data on 
the efficacy of LHM vary between reports; these differences may 
be attributable to different definitions of clinical response and the 
subjectivity of evaluation. To date, only three studies have reported 
long- term results (>10 y). In 2008, Rebecchi et al reported a 91% 
success rate in 138 patients with a median follow- up of 125 mo.13 In 
2021, our institution demonstrated 79% clinical success using data 
from 78 patients with a median follow- up of 143 mo.24 Moreover, 
Csendes et al showed that 79% of patients reported symptomatic 
relief with a similar probability after a median follow- up of 204 mo.26

2.2  |  Long- term outcomes of POEM

The technique of POEM combines the notion of natural orifice trans-
luminal endoscopic surgery (NOTES) at Johns Hopkins Hospital and 
“third- space” endoscopy (endoscopy within a submucosal tunnel) at 
the Mayo Clinic and was first reported by Inoue et al in Japan.3,29,30 
POEM is a relatively new technique, and long- term follow- up stud-
ies are still in progress. Table 2 summarizes the outcomes of stud-
ies over 5 y (how we conducted the literature review is described 
below).31- 39 The efficacy of POEM ranges from 66.7% to 93.3%. This 
wide range of reported incidences may mirror the different defini-
tions of clinical response and the subjectivity of evaluation, similar 
to the report on LHM. Recent meta- analyses showed that POEM 
was associated with a long- term clinical success of 83% after 5 y 
of follow- up.40 A study by Onimaru et al, the only available study 
that analyzed the long- term results for ≥10 y, demonstrated clinical 
response in 14 of 15 patients (93%) who had undergone POEM.33 

However, the sample size was relatively small, and these patients un-
derwent the procedure before POEM was standardized, which may 
contribute to several biases.

2.3  |  Comparing the efficacy of LHM and POEM

To date, more than 25 studies comparing LHM and POEM have been 
reported, which demonstrated that the outcomes of POEM are com-
parable to those of LHM.41 However, only reports showing short-  or 
mid- term outcomes have been published, and comparative stud-
ies showing long- term results over 5 y (with 4 y being the longest) 
are lacking. In addition, most studies were retrospective, and rand-
omized controlled trials (RCTs) are few. Podboy et al retrospectively 
analyzed the outcomes of LHM and POEM in 98 patients (LHM, 
43; POEM, 55) with a mean follow- up of 5.44 and 3.94 y, respec-
tively.42 The results demonstrated that LHM and POEM had similar 
long- term efficacies (LHM, 65.1%; POEM, 72.7%, P = 0.42). Werner 
et al performed an RCT in 221 patients to compare the therapeutic 
effects of LHM and POEM.43 Two years after the assigned interven-
tion, clinical success was observed in 81.7% and 83.0% of patients 
in the LHM and POEM groups, respectively (P < 0.01), indicating 
that POEM was noninferior to LHM in symptomatic relief. Because 
achalasia is a persistent condition, all treatments tend to lose some 
efficacy over time; therefore, true long- term comparative studies of 
LHM versus POEM examining the effects for a minimum of 5–10 y 
postoperatively are expected.

2.4  |  Meta- analysis of the efficacy of 
LHM and POEM

A systematic literature search of articles on LHM and POEM 
for the treatment of achalasia over 5 y was performed accord-
ing to the Preferred Reporting Items for Systematic Reviews and 
Meta- analyses guidelines.44 We searched MEDLINE (PubMed), 
Cochrane Central Register of Controlled Trials (Cochrane Library), 
and EMBASE (Dialog) until January 29, 2024. The search terms 
included “achalasia” and (“laparoscopy” and “heller myotomy” or 
“peroral endoscopic myotomy”) (Appendix). The literature search 
was limited to the English articles. Abstracts, case reports, ex-
perimental studies in animal models, letters, and reviews were 
excluded. We also excluded studies with a follow- up period of 
less than 5 y. Two independent reviewers (N.F. and K.T.) indepen-
dently performed the screening and data extraction procedures. 
Statistical heterogeneity was evaluated by visual inspection of 
the forest plots and by calculating the I2 statistics (0%–40%, and 
may not be important; 30%–60%, may represent moderate het-
erogeneity; 50%–90%, may represent substantial heterogeneity; 
and 75%–100%, considerable heterogeneity) according to the 
Cochrane handbook. Moreover, pooled proportions with 95% con-
fidence intervals (CIs) for clinical response, symptomatic GERD, 
reflux esophagitis, and abnormal acid exposure were assessed 
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using a random- effects model with the DerSimonian–Laird esti-
mator to consider the variance between and among the studies 
according to the Cochrane handbook.45 We used STATA SE16 (v. 
16.1, Stata, College Station, TX, USA). Following the removal of 
duplicate records, a total of 3428 unique records were identified. 
After the screening process, a total of 29 studies were included 
(Figure 1). Twenty articles reported date on LHM, and nine articles 
examined POEM (Tables 1 and 2). Clinical response was reported 
by 83% (95% CI, 78–87) of the patients who underwent LHM and 
85% (95% CI, 79–91) of patients after POEM, with no significant 
difference (P = 0.53) (Figure 2).

3  |  GA STROESOPHAGE AL REFLUX 
DISE A SE (GERD)

Because antireflux procedure is not performed in POEM, the 
higher incidence of GERD is a potential concern46,47. The diagno-
sis of GERD after LHM or POEM is not standardized; symptom 
assessment, endoscopy, and pH monitoring are used to evaluate 
GERD. The GerdQ questionnaire is a self- administered question-
naire including six items. Symptomatic reflux was evaluated using 
the GerdQ, in which a score of >7 is considered indicative of symp-
tomatic GERD.48 In articles with no GerdQ score listed, heartburn 
was defined as symptomatic GERD according to the previous re-
ports.16,18,19 The severity of reflux esophagitis was assessed using 
the Los Angeles classification. Los Angeles grade A or higher was 
defined as endoscopic esophagitis, and grade C or more was de-
fined as severe endoscopic esophagitis.49 Scholottmann et al ana-
lyzed the data of 5832 who underwent LHM and 1958 patients 
who underwent POEM from 53 and 21 articles, respectively, and 
showed that patients who underwent POEM had a higher inci-
dence of symptomatic GERD (odds ratio [OR] 1.69, P < 0.01), en-
doscopic diagnosis of reflux esophagitis (OR 9.31, P < 0.01), and 
abnormal acid exposure on pH monitoring (OR 4.30, P < 0.01).46 
Repici et al reported similar outcomes in their meta- analysis. The 
rates of symptomatic GERD, reflux esophagitis, and GERD evi-
denced by pH monitoring were 8.6%, 14.9%, and 8.3% after LHM, 
and 18.1%, 39.3%, and 30.7% after POEM, respectively.47 In a mul-
ticenter randomized trial of 221 patients, reflux esophagitis on en-
doscopy at 2 y after the intervention was observed in 20% and 57% 
of patients in the LHM and POEM groups, respectively. However, 
the percentage of patients with abnormal reflux on pH monitoring 
was similar for LHM and POEM (30% vs 30%).43 Although that 
study was an RCT, only half of the patients agreed to undergo pH 
monitoring test at 2 y, thus bias may have been present.

Few studies showed that GERD was reported following LHM 
with fundoplication and POEM after more than 5 y. We performed 
meta- analysis (the method is described in the Efficacy section). 
Symptomatic GERD, reflux esophagitis, and abnormal acid exposure 
was observed in 11% (95% CI, 7–16), 15% (95% CI, 4–26), and 18% 
(95% CI, 2–33) of patients who underwent LHM with fundoplication, 
and 23% (95% CI, 14–31), 34% (95% CI, 21–47), and 43% (95% CI, TA
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5–36) of patients who underwent POEM. Symptomatic GERD and 
reflux esophagitis were observed more after POEM than LHM with 
fundoplication (P = 0.030, P = 0.026, respectively) (Figures 3 and 4). 
The pH monitoring data for >5 y after POEM was reported in only 
one study39 and there were no significant differences between LHM 
with fundoplication and POEM (P = 0.215) (Figure 5). GERD is more 
common in POEM, even in long- term outcomes; however, compar-
ative studies on the long- term outcomes between GERD after LHM 
with fundoplication and POEM are lacking, which warrants future 
investigation.

Antacid therapy is the first- line treatment for GERD, and most 
patients respond to proton pump inhibitors (PPIs). According to a 
meta- analysis reported by Repici et al, the rate of PPI use ranged 
from 2.6% to 27.8% after POEM, and 7% to 27% after LHM.47 
However, the criteria for prescribing PPIs to patients with GERD 
are lacking, and some cases received PPIs on demand, and the 
true rate of PPI requirement is unknown. The presence of severe 
esophagitis, long segment Barrett's esophagus (BE), or peptic stric-
tures requires lifelong PPI therapy,50 However, if only reflux symp-
toms are present, stasis or esophageal hypersensitivity may be the 
cause, rather than true acidic reflux, leading to uncertainty regard-
ing the effectiveness of PPIs.51 Additionally, the discrepancy be-
tween the symptoms and objective assessment of abnormal acid 
exposure on pH monitoring and endoscopy has been reported,51 
Repici et al reported a similar degree of dissociation between the 
occurrence of symptoms and higher rates of abnormal acid lev-
els in LHM and POEM.47 The clinical implications of increased 
acid exposure in the esophagus are currently unknown. However, 
abnormal regurgitation can cause serious conditions such as BE 
and adenocarcinoma.52 Therefore, long- term acid suppression 
with PPI is recommended for patients with abnormal esophageal 
pH, regardless of their symptoms.53 Postoperative BE after LHM 
and POEM was 2%–7% and 0%–3%, respectively, and a trend to-
ward an increased prevalence of BE over time was observed.31,42 

Determining whether the long- term complications of GERD, such 
as BE, are significantly different after LHM and POEM is imper-
ative. In addition, the definition of GERD after intervention for 
achalasia, and indications for PPIs, needs to be standardized in the 
future.

4  |  C ANCER DE VELOPMENT

Achalasia is considered a risk factor for esophageal cancer, and the 
incidence of squamous cell carcinoma (SCC) is higher than that of 
adenocarcinoma. Some researchers have suggested that this risk is 
probably associated with chronic inflammation of the esophageal 
mucosa owing to food stasis and salivary and esophageal microbial 
dysbiosis, producing subsequent histologic changes of the mucosa 
and, finally, carcinoma.54 According to a recent meta- analysis, the 
absolute risk of SCC is 0.308 per 100 person- years, and that of 
adenocarcinoma is 0.018,55 and most studies have found an in-
creased cancer risk of 7–33- fold in patients with achalasia com-
pared to the general population.56 However, there are few reports 
on the risk of esophageal cancer after interventions, ranging from 
1.2% to 3.3% for LHM and 0.6% for POEM.22,24,26,27 The incidence 
of esophageal cancer is expected to rise with continued follow- up. 
Additionally, there are no studies comparing the incidence of SCC 
after POEM and LHM, highlighting the need for further research 
in this area.

5  |  TRE ATMENT OPTIONS

5.1  |  Pathology of achalasia

Based on the degree of esophageal motility, the pathology of acha-
lasia is classified into three types (I–III). Moreover, treatment out-
comes for LHM are based on the type of pathology, which revealed 
that type II had the highest success, followed by type I and type III.57 
In contrast, all manometric subtypes exhibited good clinical success 
after POEM.58 A previous study compared the outcomes of LHM 
and POEM in patients with type III achalasia. Podboy et al analyzed 
98 patients and demonstrated that the success rate for type III acha-
lasia was higher for POEM than that for LHM (53.3% vs 44.4%, P 
< 0.05).42 Kumbhari et al demonstrated that patients with type III 
achalasia showed a significantly more frequent clinical response for 
POEM than that for LHM (98.0% vs 80.8%, P = 0.01).59 In addition, 
they demonstrated that myotomy length was longer in POEM than 
in LHM (16 vs 8 cm, P < 0.01).59 Because spastic contractions are 
observed in the middle and distal esophagus in type III achalasia, 
reducing LES pressure alone does not control the symptoms, as the 
segment affected by spastic motility extends above the esophago-
gastric junction. Moreover, POEM allows myotomy of the LES and 
the body of the esophagus and can perform a longer myotomy than 
LHM, leading to a higher success rate; therefore, POEM is recom-
mended for patients with type III achalasia.59

F I G U R E  1  Literature search results.
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5.2  |  Stages of achalasia

The sigmoid esophagus is characterized by marked dilatation and 
tortuosity of the esophageal body, which is an endstage achalasia, 
although its definition differs in the literature. The treatment for sig-
moid esophagus is challenging, and the 2018 ISDE guidelines do not 
recommend a specific treatment for endstage achalasia.60 Successful 
treatments of sigmoid- type achalasia with LHM have been demon-
strated by previous studies. In a review, Herbella et al61 noted that 
excellent and good outcomes were obtained in an average of 79% 
of the patients with endstage achalasia.62 However, some studies 
have found that the clinical success of LHMs for sigmoid- type acha-
lasia is inferior to that of the nonsigmoid type. In a recent report by 
Salvador et al, symptom control was 71.2% for patients with sigmoid 
type achalasia and 89% for patients with nonsigmoid type achalasia, 
which is inferior in the sigmoid type (P < 0.01).62

Although POEM was not initially indicated for patients with 
sigmoid type, POEM has been performed in recent years. In a 
meta- analysis of the 11 studies involving 428 patients conducted 

by Mandavdhare et al, the clinical success for the patients for 
sigmoid type was 89%.63 Xu et al reported a similarly good out-
come, with a clinical response rate of 90% in the patients with 
sigmoid type.64 However, morphological changes in sigmoid acha-
lasia make POEM more challenging than in nonsigmoid achalasia. 
Owing to inflammation and fibrosis in the submucosa and high 
tortuosity both distally and proximally, treating sigmoid achalasia 
requires more time and expertise. Some studies have reported 
that mucosal injury, perforation, and gas- related complications 
were more common than in nonsigmoid type achalasia, and POEM 
for the sigmoid type should be performed by an experienced op-
erator.64,65 Additionally, the effects of LHM tend to worsen over 
time, especially in patients with sigmoid- type achalasia, and it is 
not possible to determine whether POEM is recommended for pa-
tients with sigmoid achalasia based only on the short- term results 
of POEM.66 Furthermore, there are no reports comparing LHM 
and POEM for patients with sigmoid- type achalasia. Therefore, 
the most effective treatment option for patients with a sigmoid 
esophagus remains controversial.

F I G U R E  2  Forest plot of the proportion of clinical response after Laparoscopic Heller Myotomy (LHM) and Peroral Endoscopic Myotomy 
(POEM).
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F I G U R E  3  Forest plot of the proportion of symptomatic gastroesophageal reflux disease (GERD) after Laparoscopic Heller Myotomy 
(LHM) with fundoplication and Peroral Endoscopic Myotomy (POEM).

F I G U R E  4  Forest plot of the proportion of reflux esophagitis after Laparoscopic Heller Myotomy (LHM) with fundoplication and Peroral 
Endoscopic Myotomy (POEM).
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6  |  ADDITIONAL TRE ATMENT

Although both LHM and POEM show good clinical outcomes, few 
patients require reintervention. The rate of additional treatment for 
patients who underwent LHM is 2.0%–29.5% and POEM is 2.8%–
26.7% (Tables 1 and 2) with long- term follow- up, and additional 
treatments such as pneumatic dilation (PD), surgery, and POEM 
were performed.8,9,11,12,13,14,16,17,18,20,22,31,33,34,37 Reintervention is 
technically challenging and requires experienced surgeons owing 
to the presence of fibrosis, scars, and tissue adhesions. POEM is 
an endoscopic approach that can be used to perform myotomies 
in different orientations. Furthermore, POEM is less affected by 
tissue adhesion and scars from previous treatments than LHM.67 
Therefore, POEM has been performed as an additional treatment 
and has reported good clinical success in patients with failed 
LHM.68 However, few studies have compared different treatments 
for failed LHM. We compared LHM and POEM in patients with re-
current symptoms after LHM and showed that rescue POEM was 
associated with better surgical outcomes than that of redo LHM.69 
An RCT by Saleh et al showed that POEM achieved a significantly 
higher success rate than did PD (62.2% vs 26.7%, P < 0.01) in pa-
tients with recurrent symptoms after LHM.70 Studies comparing 
the results of LHM, PD, and POEM as additional treatments after 
the failure of LHM are lacking. Recently, POEM has also been per-
formed on patients with recurrence after POEM. A multiple study 
by Ichkhanian et al demonstrated that the success rates of repeat 
POEM, PD, and LHM were 76%, 60%, and 29%, respectively, in 
patients with persistent or recurrent symptoms after POEM.71 A 

meta- analysis by Tan et al revealed that POEM is a safe and effec-
tive treatment for patients who underwent any kind of previously 
failed intervention, with a clinical success rate of 90.8%.67 POEM 
is effective for reintervention after LHM and POEM; however, 
only a limited number of patients with short- term results are avail-
able, and the choice of additional treatment, in terms of effective-
ness, remains controversial.

7  |  CONCLUSION

The efficacy of LHM and POEM is comparable, and the incidence of 
GERD is higher in patients with POEM than in those with LHM after 
5 y of follow- up. However, existing studies on long- term outcomes 
are scarce, and it is not possible to conclude whether one technique 
is better than the other. Therefore, the treatment options and their 
advantages and disadvantages should be explained to patients with 
achalasia, and treatment should be tailored to their individual needs 
and pathologies.

ACKNOWLEDG MENTS
None declared.

FUNDING INFORMATION
None.

CONFLIC T OF INTERE S T S TATEMENT
The authors declare no conflicts of interest for this article.

F I G U R E  5  Forest plot of the proportion of abnormal acid exposure after Laparoscopic Heller Myotomy (LHM) with fundoplication and 
Peroral Endoscopic Myotomy (POEM).



758  |    FUKUSHIMA et al.

E THIC S S TATEMENTS
Approval of the research protocol: N/A.
Informed Consent: N/A.
Registry and the Registration No. of the study/trial: N/A.
Animal Studies: N/A.

ORCID
Naoko Fukushima  https://orcid.org/0000-0002-7656-3198 
Kazuto Tsuboi  https://orcid.org/0000-0002-8126-431X 
Fumiaki Yano  https://orcid.org/0000-0001-6682-4166 

R E FE R E N C E S
 1. Boeckxstaens GE, Zaninotto G, Richter JE. Achalasia. Lancet. 

2014;383:83–93.
 2. Kahrilas PJ, Pandolfino JE. Treatments for achalasia in 2017: how to 

choose among them. Curr Opin Gastroenterol. 2017;33:270–6.
 3. Inoue H, Minami H, Kobayashi Y. Peroral endoscopic myotomy 

(POEM) for esophageal achalasia. Endoscopy. 2010;42:265–71.
 4. Bonavina L, Nosadini A, Bardini R, Baessato M, Peracchia A. 

Primary treatment of esophageal achalasia. Long- term results of 
myotomy and Dor fundoplication. Arch Surg. 1992;127:222–6.

 5. Heller E. Extramukose Kardiaplastik beim chronischen kardio-
spasmus mit dilatation des oesophagus. Mitt Grenzgeb Med Chir. 
1914;27:141–9.

 6. Schlottmann F, Herbella F, Allaix ME, Patti MG. Modern manage-
ment of esophageal achalasia: from pathophysiology to treatment. 
Curr Probl Surg. 2018;55:10–37.

 7. Shimi S, Nathanson LK, Cuschieri A. Laparoscopic cardiomyotomy 
for achalasia. J R Coll Surg Edinb. 1991;36:152–4.

 8. Bonatti H, Hinder RA, Klocker J, Neuhauser B, Klaus A, Achem 
SR, et al. Long- term results of laparoscopic Heller myotomy with 
partial fundoplication for the treatment of achalasia. Am J Surg. 
2005;190:874–8.

 9. Rossetti G, Brusciano L, Amato G, Maffettone V, Napolitano V, 
Russo G, et al. A total fundoplication is not an obstacle to esopha-
geal emptying after heller myotomy for achalasia: results of a long- 
term follow up. Ann Surg. 2005;241:614–21.

 10. Berch BR, Nava RD, Torquati A, Sharp KW, Richards WO. 
Myotomy: follow- up study of 50 patients. J Gastrointest Surg. 
2005;9:1326–31.

 11. Jeansonne LO, White BC, Pilger KE, Shane MD, Zagorski S, Davis 
SS, et al. Ten- year follow- up of laparoscopic Heller myotomy for 
achalasia shows durability. Surg Endosc. 2007;21:1498–502.

 12. Cowgill SM, Villadolid D, Boyle R, Al- Saadi S, Ross S, Rosemurgy AS 
2nd. Laparoscopic Heller myotomy for achalasia: results after 10 y. 
Surg Endosc. 2009;23:2644–9.

 13. Rebecchi F, Giaccone C, Farinella E, Campaci R, Morino M. 
Randomized controlled trial of laparoscopic Heller myotomy plus 
Dor fundoplication versus Nissen fundoplication for achalasia: 
long- term results. Ann Surg. 2008;248:1023–30.

 14. Kilic A, Schuchert MJ, Pennathur A, Gilbert S, Landreneau RJ, 
Luketich JD. Long- term outcomes of laparoscopic Heller myotomy 
for achalasia. Surgery. 2009;146:826–31.

 15. Cuttitta A, Tancredi A, Andriulli A, De Santo E, Fontana A, 
Pellegrini F, et al. Fundoplication after heller myotomy: a ret-
rospective comparison between Nissen and Dor. Eur J Med. 
2011;43:133–40.

 16. Carter JT, Nguyen D, Roll GR, Ma SW, Way LW. Predictors of long- 
term outcome after laparoscopic esophagomyotomy and dor fun-
doplication for achalasia. Arch Surg. 2011;146:1024–8.

 17. Parise P, Santi S, Solito B, Pallabazzer G, Rossi M. Laparoscopic 
Heller myotomy plus Dor fundoplication in 137 achalasic patients: 

results on symptoms relief and successful outcome predictors. 
Updates Surg. 2011;63:11–5.

 18. Popoff AM, Myers JA, Zelhart M, Maroulis B, Mesleh M, Millikan 
K, et al. Long- term symptom relief and patient satisfaction after 
Heller myotomy and Toupet fundoplication for achalasia. Am J 
Surg. 2012;203:339–42.

 19. Krishnamohan P, Allen MS, Shen KR, Wigle DA, Nichols FC 3rd, 
Cassivi SD, et al. Long- term outcome after laparoscopic myotomy 
for achalasia. J Thorac Cardiovasc Surg. 2014;147:730–6.

 20. Persson J, Johnsson E, Kostic S, Lundell L, Smedh U. Treatment 
of achalasia with laparoscopic myotomy or pneumatic dilatation: 
long- term results of a prospective, randomized study. World J Surg. 
2015;39:713–20.

 21. Moonen A, Annese V, Belmans A, Bredenoord AJ, Bruley des 
Varannes S, Costantini M, et al. Long- term results of the European 
achalasia trial: a multicentre randomised controlled trial compar-
ing pneumatic dilation versus laparoscopic Heller myotomy. Gut. 
2016;65:732–9.

 22. Costantini M, Salvador R, Capovilla G, Vallese L, Costantini A, 
Nicoletti L, et al. A thousand and one laparoscopic Heller myoto-
mies for esophageal achalasia: a 25- year experience at a single ter-
tiary center. J Gastrointest Surg. 2019;23:23–35.

 23. Costantino CL, Geller AD, Visenio MR, Morse CR, Rattner DW. 
Outcomes of laparoscopic Heller myotomy for achalasia: 22- year 
experience. J Gastrointest Surg. 2020;24:1411–6.

 24. Fukushima N, Masuda T, Yano F, Omura N, Tsuboi K, Hoshino M, 
et al. Over ten- year outcomes of laparoscopic Heller- myotomy with 
Dor- fundoplication with achalasia: single- center experience with 
annual endoscopic surveillance. Surg Endosc. 2021;35:6513–23.

 25. Haskins IN, Strassle PD, Parker BN, Catterall LC, Duke MC, Farrell 
TM. Minimally invasive Heller myotomy with partial posterior fun-
doplication for the treatment of achalasia: long- term results from a 
tertiary referral center. Surg Endosc. 2022;36:728–35.

 26. Csendes A, Orellana O, Figueroa M, Lanzarini E, Panza B. Long- 
term (17 years) subjective and objective evaluation of the durability 
of laparoscopic Heller esophagomyotomy in patients with achala-
sia of the esophagus (90% of follow- up): a real challenge to POEM. 
Surg Endosc. 2022;36:282–91.

 27. Tassi V, Lugaresi M, Pilotti V, Bassi F, Daddi N, D'Ovidio F, et al. 
Outcomes of Heller myotomy for esophageal achalasia: lessons 
from a 48- year prospective experience with 4 different techniques. 
Ann Surg. 2023;278:e27–e34.

 28. Eckardt VF, Aignherr C, Bernhard G. Predictors of outcome 
in patients with achalasia treated by pneumatic dilation. 
Gastroenterology. 1992;6:1732–8.

 29. Pasricha PJ, Hawari R, Ahmed I, Chen J, Cotton PB, Hawes RH, 
et al. Sumucosal endoscopic esophageal myotomy: a novel ex-
perimental approach for the treatment of achalasia. Endoscopy. 
2007;39:761–4.

 30. Sumiyama K, Gostout CJ, Rajan E, Bakken TA, Knipschield MA. 
Transesophageal mediastinoscopy by submucosal endoscopy 
with mucosal flap safety valve technique. Gastrointest Endosc. 
2007;65:679–83.

 31. Teitelbaum EN, Dunst CM, Reavis KM, Sharata AM, Ward MA, 
DeMeester SR, et al. Clinical outcomes five years after POEM for 
treatment of primary esophageal motility disorders. Surg Endosc. 
2018;32:421–7.

 32. Zhang WG, Chai NL, Zhai YQ, Linghu EQ, Li HK. Long- term outcomes 
of peroral endoscopic myotomy in achalasia patients with a minimum 
follow- up of 7 years. Chin Med J (Engl). 2020;133:996–8.

 33. Onimaru M, Inoue H, Fujiyoshi Y, Abad MRA, Nishikawa Y, 
Toshimori A, et al. Long- term clinical results of per- oral endoscopic 
myotomy (POEM) for achalasia: first report of more than 10- year 
patient experience as assessed with a questionnaire- based survey. 
Endosc Int Open. 2021;9:E409–E416.

https://orcid.org/0000-0002-7656-3198
https://orcid.org/0000-0002-7656-3198
https://orcid.org/0000-0002-8126-431X
https://orcid.org/0000-0002-8126-431X
https://orcid.org/0000-0001-6682-4166
https://orcid.org/0000-0001-6682-4166


    |  759FUKUSHIMA et al.

 34. McKay SC, Dunst CM, Sharata AM, Fletcher R, Reavis KM, Bradley 
DD, et al. POEM: clinical outcomes beyond 5 y. Surg Endosc. 
2021;35:5709–16.

 35. AbiMansour JP, Ichkhanian Y, Minami H, Familiari P, Landi R, 
Costamagna G, et al. Durability of per- oral endoscopic myotomy 
beyond 6 years. Endosc Int Open. 2021;9:E1595–E1601.

 36. Kuipers T, Ponds FA, Fockens P, Bastiaansen BAJ, Lei A, Oude 
Nijhuis RAB, et al. Peroral endoscopic myotomy versus pneu-
matic dilation in treatment- naive patients with achalasia: 5- year 
follow- up of a randomised controlled trial. Lancet Gastroenterol 
Hepatol. 2022;7:1103–11.

 37. Nabi Z, Karyampudi A, Ramchandani M, Chavan R, Basha J, Inavolu 
P, et al. Predictors of long- term outcomes, recurrent dysphagia, and 
gastroesophageal reflux after per- oral endoscopic myotomy in esoph-
ageal motility disorders. J Gastrointest Surg. 2022;26:1352–61.

 38. Shiwaku H, Sato H, Shimamura Y, Abe H, Shiota J, Sato C, et al. 
Risk factors and long- term course of gastroesophageal reflux dis-
ease after peroral endoscopic myotomy: a large- scale multicenter 
cohort study in Japan. Endoscopy. 2022;54:839–47.

 39. Peng D, Tan Y, Yang S, Zhou M, Lv L, Liang C, et al. Peroral endoscopic 
myotomy for achalasia in older adults: a retrospective analysis of 39 
cases with a minimum follow- up of 5 y. Dysphagia. 2023;38:1286–94.

 40. Zhang H, Zeng X, Huang S, Shi L, Xia H, Jiang J, et al. Mid- term and 
long- term outcomes of peroral endoscopic myotomy for the treat-
ment of achalasia: a systematic review and meta- analysis. Dig Dis 
Sci. 2023;68:1386–96.

 41. North A, Tewari N. Peroral endoscopic myotomy compared 
to laparoscopic Heller myotomy and pneumatic dilation in the 
treatment of achalasia: a systematic review. Dis Esophagus. 
2023;37:doad055.

 42. Podboy AJ, Hwang JH, Rivas H, Azagury D, Hawn M, Lau J, et al. 
Long- term outcomes of per- oral endoscopic myotomy compared to 
laparoscopic Heller myotomy for achalasia: a single- center experi-
ence. Surg Endosc. 2021;35:792–801.

 43. Werner YB, Hakanson B, Martinek J, Repici A, von Rahden BHA, 
Bredenoord AJ, et al. Endoscopic or surgical myotomy in patients 
with idiopathic achalasia. N Engl J Med. 2019;381:2219–29.

 44. Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, 
Mulrow CD, et al. The PRISMA 2020 statement: an updated guide-
line for reporting systematic reviews. BMJ. 2021;372:n71.

 45. Higgins JPT, Thomas J, Chandler J, Cumpston M, Li T, Page MJ, 
et al. Cochrane handbook for systematic reviews of interventions 
version 6.4 (updated Aug 2023). Chichester: Cochrane; 2023. 
Available from www. train ing. cochr ane. org/ handbook

 46. Schlottmann F, Luckett DJ, Fine J, Shaheen NJ, Patti MG. 
Laparoscopic Heller myotomy versus peroral endoscopic myotomy 
(POEM) for achalasia: a systematic review and meta- analysis. Ann 
Surg. 2018;267:451–60.

 47. Repici A, Fuccio L, Maselli R, Mazza F, Correale L, Mandolesi D, 
et al. GERD after per- oral endoscopic myotomy as compared with 
Heller's myotomy with fundoplication: a systematic review with 
meta- analysis. Gastrointest Endosc. 2018;87:934–43.

 48. Jones R, Junghard O, Dent J, Vakil N, Halling K, Wernersson B, et al. 
Development of the GerdQ, a tool for the diagnosis and manage-
ment of gastro- oesophageal reflux disease in primary care. Aliment 
Pharmacol Ther. 2009;30:1030–8.

 49. Lundell L, Dent J, Bennett J, Blum A, Armstrong D, Galmiche J, et al. 
Endoscopic assessment of oesophagitis: clinical and functional cor-
relates and further validation of the Los Angeles classification. Gut. 
1999;45:172–80.

 50. Gyawali CP, Kahrilas PJ, Savarino E, Zerbib F, Mion F, Smout 
AJPM, et al. Modern diagnosis of GERD: the Lyon consensus. Gut. 
2018;67:1351–62.

 51. Ramchandani M, Pal P, Singla N, Reddy DN. Post- per- oral endo-
scopic myotomy heartburn: it's not always reflux: expert review. 
Dig Endosc. 2022;34:325–33.

 52. Lagergren J, Bergström R, Lindgren A, Nyrén O. Symptomatic gas-
troesophageal refux as a risk factor for esophageal adenocarci-
noma. N Engl J Med. 1999;340:825–31.

 53. Sanaka MR, Thota PN, Parikh MP, Hayat U, Gupta NM, Gabbard S, 
et al. Peroral endoscopic myotomy leads to higher rates of abnor-
mal esophageal acid exposure than laparoscopic Heller myotomy in 
achalasia. Surg Endosc. 2019;33:2284–92.

 54. Tustumi F, Arienzo VP, Sunye IR, Lucas PFS, Colonno BB, Quintas 
JG, et al. Esophageal dysbiosis in achalasia and cancer develop-
ment: a critical review. Genes. 2023;14:1521.

 55. Tustumi F, Bernardo WM, da Rocha JRM, Szachnowicz S, Seguro 
FC, Bianchi ET, et al. Esophageal achalasia: a risk factor for car-
cinoma. A systematic review and meta- analysis. Dis Esophagus. 
2017;30:1–8.

 56. Hirota WK, Zuckerman MJ, Adler DG, Davila RE, Egan J, Leighton 
JA, et al. ASGE guideline: the role of endoscopy in the surveillance 
of premalignant conditions of the upper GI tract. Gastrointest 
Endosc. 2006;63:570–80.

 57. Salvador R, Costantini M, Zaninotto G, Morbin T, Rizzetto C, Zanatta 
L, et al. The preoperative manometric pattern predicts the outcome 
of surgical treatment for esophageal achalasia. J Gastrointest Surg. 
2010;14:1635–45.

 58. Kim WH, Cho JY, Ko WJ, Hong SP, Hahm KB, Cho JH, et al. 
Comparison of the outcomes of peroral endoscopic myot-
omy for achalasia according to manometric subtype. Gut Liver. 
2017;11:642–7.

 59. Kumbhari V, Tieu AH, Onimaru M, El Zein MH, Teitelbaum EN, Ujiki 
MB, et al. Peroral endoscopic myotomy (POEM) vs laparoscopic 
Heller myotomy (LHM) for the treatment of type III achalasia in 
75 patients: a multicenter comparative study. Endosc Int Open. 
2015;3:E195–E201.

 60. Zaninotto G, Bennett C, Boeckxstaens G, Costantini M, Ferguson 
MK, Pandolfino JE, et al. The 2018 ISDE achalasia guidelines. Dis 
Esophagus. 2018;31:1–29.

 61. Herbella FA, Patti MG. Laparoscopic heller myotomy and fun-
doplication in patients with end- stage achalasia. World J Surg. 
2015;39:1631–3.

 62. Salvador R, Nezi G, Forattini F, Riccio F, Vittori A, Provenzano L, 
et al. Laparoscopic Heller- Dor is an effective long- term treatment 
for end- stage achalasia. Surg Endosc. 2023;37:1742–8.

 63. Mandavdhare HS, Praveen Kumar M, Shukla J, Kumar A, Sharma V. 
Role of peroral endoscopic myotomy in advanced achalasia cardia 
with sigmoid and/or megaesophagus: a systematic review and met-
analysis. J Neurogastroenterol Motil. 2022;28:15–27.

 64. Xu J, Zhong C, Huang S, Zeng X, Tan S, Shi L, et al. Efficacy 
and safety of peroral endoscopic myotomy for sigmoid- type 
achalasia: a systematic review and meta- analysis. Front Med. 
2021;8:677694.

 65. Hammad A, Lu VF, Dahiya DS, Kichloo A, Tuma F. Treatment chal-
lenges of sigmoid- shaped esophagus and severe achalasia. Ann 
Med Surg. 2021;61:30–4.

 66. Mattioli S, Ruffato A, Lugaresi M, Pilotti V, Aramini B, D'Ovidio F. 
Long- term results of the Heller- Dor operation with intraoperative 
manometry for the treatment of esophageal achalasia. J Thorac 
Cardiovasc Surg. 2010;140:962–9.

 67. Tan S, Zhong C, Ren Y, Luo X, Xu J, Fu X, et al. Efficacy and safety of 
peroral endoscopic myotomy in achalasia patients with failed previ-
ous intervention: a systematic review and meta- analysis. Gut Liver. 
2021;15:153–67.

 68. Kristensen HØ, Kirkegård J, Kjær DW, Mortensen FV, Kunda R, 
Bjerregaard NC. Long- term outcome of peroral endoscopic myot-
omy for esophageal achalasia in patients with previous Heller my-
otomy. Surg Endosc. 2017;31:2596–601.

 69. Akimoto S, Yano F, Omura N, Tsuboi K, Hoshino M, Yamamoto 
SR, et al. Redo laparoscopic Heller myotomy and Dor fundoplica-
tion versus rescue peroral endoscopic myotomy for esophageal 

http://www.training.cochrane.org/handbook


760  |    FUKUSHIMA et al.

APPENDIX 

Search strategy
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myotom*”[tiab] OR POEM[tiab]

#3 “Heller Myotomy”[Mesh] OR Helle*[tiab] AND (Myotom*[tiab] 
OR cardiomyotom*[tiab] OR operation*[tiab])

#4 “Laparoscopy”[Mesh] OR laparoscop*[tiab]
#5 #3 AND #4
#6 “laparoscopic myotom*”[tiab]
#7 #5 OR #6
#8 #1 AND (#2 OR #7)
#9 (“Review”[Publication Type] OR “Case Reports”[Publication 

Type] OR “case report*”[tiab])
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#11 #8 NOT (#9 OR #10)
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S3 EMB.EXACT.EXPLODE(“cardioesophagomyotomy”) 
OR (TI(Helle*) AND (TI(Myotom*) OR TI(cardiomyotom*) 
OR TI(operation*))) OR (AB(Helle*) AND (AB(Myotom*) OR 
AB(cardiomyotom*) OR AB(operation*)))

S4 EMB.EXACT.EXPLODE(“Laparoscopy”) OR TI(laparoscop*) OR 
AB(laparoscop*)

S5 S3 AND S4
S6 TI(“laparoscopic myotom*”) OR AB(“laparoscopic myotom*”)
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S8 S1 AND (S2 OR S7)
S9 PT(“Review”) OR PT(“Case Reports”) OR TI(“case report*”) OR 

AB(“case report*”)
S10 TI(child*) OR AB(child*) OR TI(pediatric*) OR AB(pediatric*)
S11 S8 NOT (S9 OR S10)

CENTRAL
#1 ([mh “Esophageal Achalasia”]) OR (achalasia*:ti,ab)

#2 ((“peroral endoscopic” NEXT myoto*):ti,ab) OR ((“endoscopic” 
NEXT myotom*):ti,ab) OR (POEM:ti,ab)

#3 ([mh “Heller Myotomy”]) OR (Helle*:ti,ab AND (Myotom*:ti,ab 
OR cardiomyotom*:ti,ab OR operation*:ti,ab))

#4 ([mh Laparoscopy]) OR (laparoscop*:ti,ab)
#5 #3 AND #4
#6 ((“laparoscopic” NEXT myotom*):ti,ab)
#5 #5 OR #6
#7 #1 AND (#2 OR #5)
#8 (Review:pt OR “Case Reports”:pt OR (“case” NEXT 

report*):ti,ab)
#9 (child*:ti,ab OR (pediatric*:ti,ab))
#10 #7 NOT (#8 OR #9)
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