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Introduction

Achalasia is an esophageal motility disorder, often mani-
fested by dysphagia, regurgitation, chest pain, and weight loss, 
seriously affecting the quality of life [1]. In addition, achalasia 
has been reported to be associated with esophageal cancer [2]. 

Therefore, effective and safe treatment for achalasia patients 
is of paramount importance. Traditional first-line treatment 
modalities included pneumatic dilation (PD) and laparoscopic 
Heller myotomy (LHM) [3]. However, the high incidence of per-
foration complications and the high need for repeated dilation 
of PD have been criticized [4]. Besides, the invasive nature, slow 

Abstract

Background: Peroral endoscopic myotomy (POEM), a treatment 
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Methods: A pre-made search strategy was used to retrieve re-
cords related to POEM and achalasia in the Web of Science Core 
Collection database. VOSviewer, CiteSpace, Tableau Public, Origin-
Pro software, and Online Bibliometric Analysis platform were em-
ployed for data analysis and visualization. 

Results: 935 studies involving 711 original articles and 224 re-
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recovery, and high cost of LHM also limited its application in 
some special populations [4]. At this time, peroral endoscopic 
myotomy (POEM), which combined the minimally invasive 
nature of PD and the effectiveness of a single intervention of 
LHM, came into being in Japan [5]. Since the implementation of 
POEM by Inoue et al. in 2008 [5], POEM has experienced more 
than ten years of development with significant global progress. 
It has become the current first-line treatment for achalasia [6]. 
Many studies on POEM treatment for achalasia patients have 
been reported during this period. However, up to now, there 
has been no comprehensive and objective bibliometric visual-
ization analysis on POEM in treating achalasia, except for two 
articles that analyzed achalasia [7] and POEM [8], respectively.

Bibliometric analysis, introduced by Alan Pritchard in 1969 
[9], is a scientific quantitative analysis method of published 
studies that integrates philology, mathematics, and statistics. 
It focuses on the distribution structure, quantity relationship, 
and change law of literature information, providing a definite 
overview of the research field and revealing the development 
trend of the discipline. Many platforms, including VOSviewer, 
CiteSpace, and Bibliometric.com, can visually analyze literature 
based on years, countries, institutions, authors, journals, co-
citations, and keywords in a given research field. So far, many 
bibliometric analyses have been published in various fields [10-
12], including digestion and endoscopy [13-15]. Those studies 
summarized the research status of related subjects and pro-
vided the hot spots and future research direction, significantly 
promoting this field’s development.

With the help of bibliometrics, this study analyzed relevant 
studies on the POEM treatment of achalasia. We aimed to re-
veal the publication trend, influential country, institution, au-
thor, and journal and their cooperation, knowledge base, and 
research hotspots in this field.

Materials and methods

Data collection

We used the following search strategy to retrieve records 
related to POEM and achalasia in the Web of Science Core Col-
lection (WoSCC) database: TS=(achalasia) AND (TS=(Peroral en-
doscopic myotomy) OR TS=(Peroral endoscopic myotomy) OR 
TS=(Peroral endoscopic myotomy)). Document type was limited 
to original articles and reviews, and language was restricted to 
English. We retrieved articles, and exported full records and 
cited references to plain text files on July 20, 2023. Because the 
data came from the public database, the Institutional Review 
Board approval and written consent were not needed for our 
research.

Data analysis

In this study, VOSviewer (version 1.6.19), CiteSpace (version 
6.1.R6), Tableau Public 2021.3, and OriginPro 2022 software 
and Online bibliometric analysis platform (https://bibliometric.
com/) were employed for data analysis and visualization. Orig-
inPro software was used for the quantitative analysis of publica-
tions. Tableau Public software produced a global map showing 
the number of publications by country. The Online bibliometric 
analysis platform created a collaborative network map between 
countries. VOSviewer software was used for source and co-cit-
ed journal analysis, co-cited references analysis, and keyword 

co-occurrence analysis. CiteSpace was used to carry out country 
cooperation analysis, institutional cooperation analysis, author 
cooperation analysis, and map the dual-map overlay of jour-
nals. Besides, CiteSpace was also used in keyword citation burst 
analysis. In the map generated by VOSviewer and CiteSpace, 
nodes represent items such as countries, institutions, authors, 
journals, references, and keywords. The size of the nodes rep-
resents the number of these items. The line thickness between 
nodes reflects the degree of collaboration or co-citation. The 
color of the nodes in VOSviewer represents the classification 
of these items, and the color of the nodes in CiteSpace reflects 
the time variation. Purple-rimmed circles in CiteSpace refer to 
the nodes with high centrality, highlighting the significance of 
these nodes in the network. The journal quartile and impact 
factor were derived from Journal Citation Reports 2022. The 
dual-map overlay of journals presents the relationship between 
journals and cited journals. References and keywords with cita-
tion bursts were those that had been cited significantly more 
frequently over a period. 

Results

Publication and citation trends 

As shown in Figure 1, we finally included 935 studies in-
volving 711 original articles (76.04%) and 224 review articles 
(23.96%). The dynamic change in annual publication and cita-
tion numbers is presented in Figure 2. The number of publica-
tions grew gradually between 2010 and 2020, peaking in 2020 
with 143 studies. However, there was a slight downward be-
tween 2020 and 2022, which was still higher than between 
2010 and 2019. Similarly, citations increased steadily from eight 
in 2010 to 1070 in 2015 and then skyrocketed to 3199 in 2020. 
From 2020 to 2022, the number of citations decreased slightly, 
remaining three thousand times.

Country/region analysis

A total of 50 countries worldwide were committed to study-
ing POEM for achalasia. The top ten countries with the most 
publications are displayed in Figure 3A. Most countries in East-
ern Europe, Western Asia, and Africa still had a research gap in 
this field (Figure 3B). Researchers from the USA in North Amer-
ica contributed the most significant number of publications and 
had the highest H-index (382 articles, 49) in this field. From 
Asia, China (182 articles, 35) and Japan (131 articles, 35) ranked 
second and third, respectively. These three countries account 
for half of the global publications (49.9%). Interestingly, Germa-
ny, the country with the lowest number of publications among 
the ten countries, had the highest average citations (62.74 per 
paper), followed by Canada (45.03). Figure 3C depicts the coop-
eration map, suggesting the close partnership among the vari-
ous countries and regions. Notably, the USA had close ties with 
Italy, France, and Japan. With high centrality, Italy, England, the 
USA, Australia, and Belgium have cooperated with many coun-
tries and regions (Figure 3D). Interestingly, China ranked second 
in the total amount of publications but at the bottom in the 
centrality.

Institution analysis

More than one thousand institutions worldwide were en-
gaged in the study of POEM in treating achalasia. Among them, 
the top ten by the number of publications were Showa Univer-
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sity (69), Northwestern University (44), Asian Institute of Gas-
troenterology (37), Fudan University (33), University of Chicago 
(25), Kobe University Hospital (22), Johns Hopkins Medical Insti-
tution (21), Niigata University (20), Fukuoka University (20), and 
Oregon Clinic (20) (Figure 4A). In the top 10 institutions, Japan 
and the USA each had four organizations, while India and China 
each had one organization. Notably, European institutions did 
not appear in the top ten list. Figure 4B displays the close coop-
eration among the various institutions. Regarding institutional 
partnerships, the Chinese University of Hong Kong in China had 
the closest links with global institutions. However, as the most 
prolific Chinese institution, Fudan University was mostly limited 
to domestic collaborations, such as with the Chinese People’s 
Liberation Army General Hospital and Central South Universi-
ty. In addition, the top two institutions, Showa University and 
Northwestern University, also ranked third and second in the 
degree of cooperation, respectively. University of California San 
Diego, Tohoku University, and Oita University were newly active 
institutions in recent years. 

Author analysis

More than three thousand authors have conducted stud-
ies on POEM in treating achalasia. Among them, the top ten 
by the number of publications were Inoue Haruhiro (72), Kha-
shab Mouen A (41), Nabi Zaheer (31), Pandolfino John E (29), 
Onimaru Manabu (26), Ramchandani Mohan (24), Patti Marco 
G (22), Sato Hiroki (22), Li Quan-Lin (20), and Hungness, Eric 
S (20) (Figure 5A). The author who published the most ar-
ticles was Inoue Haruhiro from Showa University in Japan. Of 
the top ten authors, four were from the USA, three were from 
Japan, two were from India, and one was from China. Figure 
5B presents the close cooperation among the various authors. 
Regarding collaboration between authors, Inoue Haruhiro and 
Khashab Mouen A, the two most prolific authors, also worked 
closely with authors worldwide. Interestingly, Chinese authors 
often cooperated with each other and lacked communication 
with foreign authors. Abe Hirofumi and Carlson Dustin A were 
active authors that had emerged in recent years.

Journal analysis

Literature on POEM in treating achalasia has been published 
in 210 journals. The top ten journals with the most publications 
are depicted in Figure 6 and Table 1. The number of articles 
published by the top ten journals accounted for about 40 per-
cent. Surgical Endoscopy (114 articles, 29), Gastrointestinal En-
doscopy (54 articles, 25), and Endoscopy (34 articles, 18) ranked 
first, second, and third respectively, in the total number of ar-
ticles and H-index. Besides, Endoscopy (68.3 per paper) was the 
journal with the most average citations. The second and third 
place in average citations per paper were Journal of Gastroin-
testinal Surgery (37.1) and Gastrointestinal Endoscopy (36.7), 
respectively. Of the top ten journals, six belong to the USA, two 
to Germany, one to England, and one to Japan. There are three 
journals with an impact factor greater than five, including En-
doscopy (IF=9.3), Gastrointestinal Endoscopy (IF=7.7), and Di-
gestive Endoscopy (IF=5.3). Figure 7A and Figure 7B show the 
density maps of journal analysis and journal co-citation analy-
sis, respectively. 

In the co-citation analysis, the co-cited journals were di-
vided into the following three categories: green mainly repre-
sents professional journals in the field of gastroenterology or 

comprehensive medical journals, such as American Journal Of 
Gastroenterology, Gastroenterology and New England Journal 
of Medicine, red represents academic journals in the field of 
digestive endoscopy, and blue represents academic journals in 
the field of surgery. As shown in Figure 7C, one main path was 
identified, indicating that articles published in “Health, Nursing, 
Medicine” journals were generally cited in those articles pub-
lished in “Medicine, medical, Clinical” journals.

References analysis

Figure 8A and Figure 8B show maps of co-cited references 
analysis and reference citation burst analysis, respectively. Of 
the 8098 cited references, 30 were cited at least 100 times. 
Among them, the most co-cited reference was the global first 
article, “Peroral endoscopic myotomy (POEM) for esophageal 
achalasia [5],” published in Endoscopy by Inoue Haruhiro et 
al. in 2010 (n=608) with the strongest bursts (strength=68.46). 
There were eight original articles and two reviews in the top ten 
references. On these highly cited references, the prospective 
multi-center results of POEM in treating achalasia, the efficacy 
comparison of POEM with PD and LHM in achalasia, and the 
studies based on the achalasia sub-type were attractive. It was 
worth noting that four references by Repici A et al. [16], Werner 
YB et al. [17], Ponds FA et al. [18], and Vaezi MF et al. [19] were 
still in a burst state.

Keywords analysis

Keyword co-occurrence analysis reflects the current re-
search status, including research hotspots and future direc-
tions. A co-occurrence network for high-frequency keywords 
is built in Figure 9A. In addition to the theme words “peroral 
endoscopic myotomy” and “achalasia,” the keywords “Heller 
myotomy,” “pneumatic dilatation,” and “gastroesophageal re-
flux disease” ranked second, third, and fifth with 83,70, and 60 
times, respectively. The results show that the efficacy compari-
son of POEM and traditional treatment and the occurrence of 
GERD after POEM have become the most prominent topics in 
this field. In addition, according to Figure 9B, keywords can be 
divided into 5 clusters: Cluster 1 (achalasia and its therapeutic 
modalities, including POEM, LHM, PD, etc. ); Cluster 2 (exten-
sive promotion of third space endoscopy, including G-POEM, 
Z-POEM, etc., green nodes); Cluster 3 (management of particu-
lar types of achalasia and other esophageal motility disorders, 
including the pediatric, the aged, the recurrent, the advanced, 
etc., blue nodes); Cluster 4 (POEM’s safety and efficacy evalu-
ation studies, including systematic review and meta-analysis, 
etc., yellow nodes); Cluster 5 (endoscopic functional luminal 
impedance planimetry application [EndoFlip] application, pur-
ple nodes). Moreover, we also visualized the year in which the 
keywords appeared with different colors (Figure 9C). “Zenker’s 
diverticulum” and “epiphrenic diverticulum” were the latest 
keywords. Furthermore, we identify the top 19 strongest cita-
tions burst keywords from 2010 to 2023 in Figure 9D: esoph-
agomyotomy (4.06, 2010-2017), endoscopic myotomy (4.84, 
2012-2014), squamous cell carcinoma (2.79, 2013-2015), single 
center (12.72, 2014-2018), botulinum toxin (6.8, 2014-2015), 
experience (6.15, 2016-2017), meta-analysis (4.47, 2014-2018), 
prevalence (3.63, 2019-2023), pyloromyotomy G-POEM (3.56, 
2019-2020), third space endoscopy (3.55, 2020-2023), lumen 
imaging probe (3.04, 2020-2023), zenkers diverticulum (3.71, 
2021-2023), adverse event (3.63, 2021-2023), etc. It was worth 
noting that five keywords were still in a burst state.



www.jjgastro.com               Page 4

Table 1: The top ten source journals.

Rank Journal Publications H-Index Citations per paper Quartile Impact factor

1 Surgical Endoscopy 114 29 23.4 Q1 3.1

2 Gastrointestinal Endoscopy 54 25 36.7 Q1 7.7

3 Endoscopy 34 18 68.3 Q1 9.3

4 Digestive Endoscopy 29 12 21.7 Q2 5.3

5 Diseases of the Esophagus 27 11 17.1 Q4 2.6

6 Endoscopy International Open 27 6 8.3 - 2.6

7 World Journal of Gastroenterology 27 15 18.8 Q2 4.3

8 Journal of Laparoendoscopic & Advanced Surgical Techniques 25 7 7.6 Q4 1.3

9 Journal of Gastrointestinal Surgery 24 13 37.1 Q3 3.2

10 Neurogastroenterology and Motility 21 8 19.8 Q2 3.5

Figure 1: Literature screening flow chart.

Figure 2: Trend chart of publication and citations.

Figure 3: Country analysis: Top ten countries regarding publication 
volume (A); Map of global distribution of articles (B); Map of coop-
eration network between countries/regions (C); Country/Region 
cooperation degree chart (D).  
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Figure 4: Institution analysis: Top ten institutions regarding publi-
cation volume (A); Map of cooperation network between institu-
tions (B).

Figure 5: Author analysis: Top ten authors regarding publication 
volume (A); Map of cooperation network between authors (B).

 
Figure 6: Journal analysis: Top ten journals regarding publication 
volume.

 
Figure 7: Journal analysis: Source journals density visualization 
map regarding publication volume (A); Co-cited journals density 
visualization map regarding cited frequency (B); Dual-map overlay 
of journals (C).

Figure 8: References analysis: References co-cited network visual-
ization (A); Top ten references with strong citation burst (B).

Discussion

General information

With the help of bibliometrics, this study comprehensively 
analyzed the literature concerning POEM treatment of acha-
lasia patients. A total of 935 articles published in 210 journals 
by 3592 authors from 1017 institutions in 50 countries were 
included in the analysis. Among the 935 articles, the number 
of original articles was more than three times that of review 
articles, which reflected a more significant focus by research-
ers on the original study rather than a review of this field. Our 
research showed that POEM has come a long way in the last 
thirteen years, but there is still a long way to go.

According to the publication trend, the development of this 
field in the decade 2010-2020 could be divided into a slow rise 

in the early period (2010-2014) and a rapid rise in the late pe-
riod (2015-2020). This change in development rate might be at-
tributed to better diagnosis and management of achalasia by 
applying high-resolution manometry (HRM) and Chicago Classi-
fication version 3.0 in 2015 [20,21]. Moreover, articles reporting 
the promising efficacy and safety of POEM published between 
2010 and 2014 had given confidence to endoscopists world-
wide [22-24]. A growing number of publications indicated that 
POEM treatment of achalasia had attracted increasing atten-
tion and interest. However, it is worth noting that the growth 
in the publication number has stagnated since 2020, indicat-
ing that POEM's development in treating achalasia has hit a 
bottleneck. For example, in the face of the high incidence of 
GERD after POEM, there still needs to be an optimal prevention 
strategy [25]. Besides, faced with the challenge that the clinical 
success rate of POEM decreased over time, POEM is still nec-
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Figure 9: Keywords analysis: Keywords co-occurrence density vi-
sualization (A); Keywords co-occurrence network visualization (B); 
Keywords co-occurrence overlay visualization (C); Top 19 keywords 
with strong citation burst (D).

essary to undergo the validation of long-term follow-up [26]. 
Furthermore, this also seems to result from the impact of the 
COVID-19 pandemic. It was reported that the number of POEM 
procedures in 2020 was significantly less than before COVID-19, 
which would also affect the study's progress and the publication 
of results [27].  

The number of publications and centrality were crucial in-
dicators in the country/institution/author analysis and the cor-
responding cooperation analysis. The USA, China, and Japan 
contributed most publications in this field. The USA had the 
most published articles, the highest H-index, and a high degree 
of centrality, leading the research in this field. China ranked sec-
ond in the publication with the eighth-highest number of cita-
tions, indicating that the quality of research has yet to improve 
as the number of studies increases. Japan, the country that first 
proposed POEM, ranked third in publication volume and fourth 
in citation frequency, which indicates that Japan has a lasting 
and significant influence on this field. In addition, Germany, 
with the highest average citation number, and Italy, with the 
highest centrality, also played an essential role in developing 
this field. 

In addition, we found on the publication map that many de-
veloping countries were still unresearched in this field. China 
and India, as representatives of developing countries, consis-
tently lead the world in the number of published papers. How-
ever, their influence on other countries in this field needs to 
be stronger, reflected in the near isolation of Chinese mainland 
and India and corresponding institutions and authors in the co-
operation network. There is a persistent imbalance between 
developed and developing countries. Partnerships between 
countries, institutions, and authors are crucial to developing 
the most reliable large-scale multi-center trials. In the future, 
the Chinese mainland and India still need to strengthen coop-
eration with other developed countries and become a link be-
tween developed and developing countries.

Of the top ten institutions, except for one from China and 
one from India, the remaining eight were half from Japan and 
half from the USA, which shows that building a first-class re-
search institution is the key to improving the status of the coun-
try's academic community. Among them, Northwestern Uni-
versity in the USA had the highest centrality and played a vital 
"Bridge" role in global collaboration. Although Showa University 
in Japan also had a high degree of centrality, its cooperation was 
more limited to domestic institutional cooperation. Interest-
ingly, in China, while the Chinese University of Hong Kong had 
extensive cooperation with the rest of the world, Fudan Univer-
sity, which had published the most papers, rarely cooperated 
with other institutions and only partially worked with domes-
tic institutions. This contradiction may be because the Chinese 
mainland's cooperation with other countries and regions is rela-
tively dispersed rather than concentrated. Either way, they have 
played a vital role in the global development of POEM for treat-
ing achalasia. Among the top ten authors, Inoue Haruhiro, the 
initiator of POEM, is the leader in this field. Through exchanges 
with scholars worldwide, he has extensively promoted the de-
velopment of this field and made outstanding contributions to 
transforming the treatment of achalasia. 

In journal analysis, surgical endoscopy was the most influ-
ential journal in this field regarding the combined results of 
publication volume and co-cited frequency. This might be due 
to the coincidence with the two characteristics of POEM: mini-
mally invasive surgery (surgical) and endoscopic operation (en-
doscopy). Endoscopy and Gastrointestinal Endoscopy ranked in 
the top 3 sources and co-cited journals, indicating that they are 
essential in disseminating research in this field. The journal in-
dex generated by bibliometrics analysis can provide a reliable 
reference for researchers to search literature, and we suggest 
additional manuscripts to be submitted to these publications. 
Endoscopy has the highest number of citations per paper, prob-
ably because the article, “Peroral endoscopic myotomy (POEM) 
for esophageal achalasia [5],” with the highest number of cita-
tions (n=608) was published in this journal.

Regarding references citation burst analysis, four references 
were still in a burst state. In 2018, a meta-analysis by Repici A 
et al. showed that post-POEM gastroesophageal reflux disease 
(GERD) significantly increased compared with LHM plus fundo-
plication [16]. In 2019, a randomized trial study by Werner YB 
et al. concluded that POEM was comparable to LHM plus Dor’s 
fundoplication for efficacy [17]. However, post-POEM gastro-
esophageal reflux was more common than LHM. Another ran-
domized controlled trial conducted by Ponds FA et al. in 2019 
found that POEM was more effective than PD and should be 
used as an initial treatment for patients with achalasia [18]. 
Last, in 2020, Vaezi MF et al. reported clinical guidelines for di-
agnosing and treating achalasia, recommending POEM, associ-
ated with a higher incidence of GERD, as the standard treatment 
protocol [19]. It could be found that the comparison of efficacy 
and the incidence of postoperative GERD between POEM and 
LHM were popular. 

The hotspots and trending comparison between POEM and 
LHM or PD

The comparison of POEM with traditional treatment meth-
ods LHM and PD is an evergreen tree in this field. The compari-
sons focused on clinical outcomes and the incidence of adverse 
events, particularly the occurrence of GERD of achalasia pa-
tients. Two randomized controlled trials have shown that com-
pared with LHM with fundoplication, POEM has a similar effi-
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cacy within two years follow-ups, with a shorter operation time 
and a higher incidence of GERD [17,28]. Due to the lack of anti-
reflux procedures, the high incidence of GERD after POEM has 
been a problem. However, a new operation method of POEM 
with endoscopic fundoplication has been proposed recently 
[29]. Studies have reported that this is a safe and reproducible 
procedure that can reduce the occurrence of GERD in the short-
term follow-up [30,31]. However, long-term follow-up results 
have yet to be discovered. Moreover, there need to be more 
clinical studies comparing POEM+F with LHM+F, which could be 
the way forward. More importantly, POEM also faces another 
major challenge of LHM. A study of 17 years of follow-up after 
LHM showed an effective rate of 79%, which is the level report-
ed after five years of follow-up after POEM [32]. Therefore, the 
future research trend is comparing long-term follow-up results 
between POEM and LHM.

For PD, three randomized controlled trials have shown that 
POEM has a significant advantage in treatment-naïve patients, 
recurrent patients, and long-term follow-up outcomes of 5 
years [18,33,34]. However, this should not lead to the aban-
donment of pneumatic dilation in clinical practice. Compared 
to POEM, PD is less time-consuming, easier to learn, and less 
likely to cause reflux esophagitis or reflux symptoms. In addi-
tion, PD does not require general anesthesia, thus shortening 
hospital stays. Ideally, all treatment options should be discussed 
with achalasia patients, and a joint decision should be made 
based on the patient's characteristics, for example, the subtype 
of achalasia, age, comorbidity, available expertise, and patient 
preferences [34].

Particular achalasia patients and other esophageal motility 
disorders

With the development of POEM technology, its application 
in the pediatric and the aged has gradually increased. Many 
studies have shown the safety and efficacy of POEM in these 
patients [35-38], but there need to be more studies comparing 
POEM with LHM or PD in special age groups. Besides, the clini-
cal success rate for type III achalasia after traditional LHM and 
PD treatment has historically been limited [39]. POEM provides 
more effective and long-lasting relief for type III achalasia and 
should be considered a first-line treatment for this challenging 
sub-type [39,40]. In addition, POEM has good clinical efficacy 
and morphological improvement in treating patients with ad-
vanced achalasia With Sigmoid or Megaesophagus [41,42]. 
Furthermore, prior PD and LHM may make subsequent POEM 
treatment more challenging, but it does not impede success-
ful POEM implementation and the safety and efficacy of acha-
lasia patients [43,44]. POEM is a promising saving therapy 
for the failure of Heller myotomy and PD. Last, non-achalasia 
esophageal motility disorders include esophagogastric junction 
outflow obstruction, distal esophageal spasm, esophageal hy-
perconstriction, and other minor peristaltic disorders, which, al-
though pathophysiologically different, present in a similar man-
ner to achalasia [45,46]. Although it is not as effective as POEM 
in treating Achalasia, POEM is currently an effective treatment 
for these esophageal motility disorders [45,46]. Further work is 
needed to develop the best treatment strategies for such com-
plex diseases. 

Systematic review and meta-analysis for POEM in treating 
achalasia

With the publications of numerous case reports, case series, 
retrospective or prospective studies, single-center or multi-cen-

ter studies, single-arm or comparative or even randomized con-
trolled trial studies on POEM in treating achalasia, systematic 
reviews, and meta-analyses based on these findings have also 
been published in large numbers, providing a large amount of 
evidence-based medical evidence in this field.

These pooled analyses focus on the following: 1) Short-term 
and long-term follow-up efficacy and safety [47,48]; 2) Com-
parison of clinical outcomes with LHM or PD [49,50]; 3) Com-
parison of efficacy and safety of different operation procedures 
[51,52]; 4) Group analysis based on Chicago classification [53]; 
5) Special types of achalasia [54,55]; 6) The occurrence and pos-
sible risk factors of GERD [56,57]; 7) Factors for predicting clini-
cal outcomes [58]; 8) Learning curve [59]; 9) Analysis based on 
randomized controlled trial studies [60]; 10) Treatment of non-
achalasia, including other esophageal motility disorders [61], 
refractory gastroparesis [62], zenker's diverticulum [63], etc. 
Notably, a high-quality, randomized, controlled trial-based net-
work meta-analysis published in the Lancet Gastroenterology & 
Hepatologyshows concluded that POEM and LHM should be the 
preferred treatments for idiopathic achalasia, while POEM was 
ranked first [60]. Antibiotic use, anesthesia management, POEM 
with endoscopic fundoplication, and EndoFlip applications may 
be potential research hotspots for future meta-analysis.

EndoFlip application

The EndoFlip is a catheter-based tool that uses impedance 
planimetry to obtain objective measurements of the gastro-
esophageal junction, including cross-sectional area, distensibil-
ity index, and compliance [64]. Over time, the role of EndoFlip 
in POEM for treating achalasia has expanded, and it has been 
found useful when performed before POEM, during POEM, and 
postoperative monitoring and follow-up [64-69]. Doing this be-
fore POEM can determine if the patient's measurements are 
consistent with those of patients with achalasia. The intraop-
erative addition of EndoFlip technology provides real-time feed-
back on the adequacy of the myotomy, enabling tailored myot-
omy. Key outcome measures of POEM in treating achalasia are 
effective in alleviating symptoms and preventing pathological 
gastroesophageal reflux. Changes in cross-sectional area, dilata-
tion index, and compliance measured after POEM by EndoFlip 
are associated with clinical response and postoperative reflux 
in patients with achalasia [64-69]. So far, multiple authors have 
attempted to get the ideal range of parameters to achieve the 
goal of myotomy. However, differences in measurement proto-
cols limit direct comparisons between the inconsistent results 
published by different studies [64-69]. Therefore, the param-
eters that best guide endoscopists to select the appropriate 
length and range of myotomy, which can alleviate the achalasia 
and reduce postoperative GERD, need to be clarified. The re-
search in this area needs to be further in-depth.

POEM for the treatment of achalasia opens the door to third-
space endoscopy techniques [70]. The third-space endoscopy 
technique, also known as the submucosal endoscopic tech-
nique, allows for a wide range of therapeutic interventions in 
the submucosa, even the muscular or subserous layer that en-
ters the lumen of the digestive tract [71]. The development of 
POEM in treating achalasia has revolutionized the field of thera-
peutic endoscopy, and its methods are constantly improved and 
perfected. Using the same steps as POEM, namely constructing 
submucosal tunnels and safely closing mucosal incisions, POEM 
has yielded some effective derivatives, such as such as peroral 
endoscopic tumor resection or submucosal tunneling endo-
scopic resection for resection of subepithelial tumors, Z-POEM 
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for Zenker’s diverticulum, D-POEM for epiphrenic diverticula, 
and G-POEM for refractory gastroparesis [72]. Of course, this 
application is not limited to the upper digestive tract. For ex-
ample, POEM is also used in the lower digestive tract to treat 
congenital megacolon or perform rectal surgery [72]. Submu-
cosal tunneling technology has been widely accepted and con-
tinues to evolve. Indications for third-space endoscopic surgery 
are proliferating due to its non-invasive nature, which may may 
diminish the impact of surgical operation. Besides, more re-
searches are needed to prove the safety and effectiveness of 
these techniques.

There were some shortcomings in our study. First, we only 
conducted a literature search on the WOSCC database. Other 
available literature databases, such as Scopus, Medline, and 
Google Scholar, were not searched. Furthermore, it was lim-
ited to original articles and reviews published in English. These 
might restrict the generality of the findings. Second, the number 
of citations was an index to judge the influence of individuals, 
but many factors affected the number of citations. For example, 
articles published earlier were likely to have more citations. In 
addition, self-citation, incomplete citation, and omission were 
essential factors affecting citation frequency. This was the in-
herent flaw of citation analysis.

POEM, a representative of orifice transluminal endoscopic 
surgery, has become a first-line treatment for achalasia. POEM 
has come a long way in the last thirteen years, but there is still 
a long way to go. Comparison between POEM and laparoscopic 
Heller myotomy or pneumatic dilation, particular achalasia pa-
tients and other esophageal motility disorders, systematic re-
view and meta-analysis, endoscopic functional luminal imped-
ance planimetry application, and third space endoscopy were 
research hotspots and future direction.
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