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Abstract 
Achalasia, a rare esophageal motility disorder characterized by the inability of the lower esophageal sphincter to relax and loss 
of esophageal peristalsis, significantly impacts pediatric patient quality of life through symptoms like dysphagia, chest pain, and 
weight loss. This nationwide retrospective cohort study evaluates the efficacy and safety of peroral endoscopic myotomy (POEM) 
for pediatric achalasia in Mongolia, contributing to the limited global data on this minimally invasive treatment in children. Conducted 
between February 2020 and March 2022 at 2 tertiary centers, the study included symptomatic achalasia patients, treatment-naive 
or those with unsatisfactory outcomes from previous esophageal dilations. The POEM procedure was assessed for its impact 
on esophageal structure and function, symptom severity via the Eckardt score, and procedure-related safety, with outcomes 
measured at baseline, 3 days, and 12 months post-procedure. The study demonstrated notable post-procedure improvements 
across all measured outcomes: abnormal contraction length and esophageal width significantly reduced, underscoring the 
procedure’s effectiveness. More precisely, the integrated relaxation pressure showed a significant improvement from a mean 
of 26.8 mm Hg (standard deviation [SD], 5.4 mm Hg) pre-procedure to 10.8 mm Hg (SD, 1.1 mm Hg) 12 months (P < .001). 
Similarly, Eckardt scores, which assess symptom severity, improved significantly from a pre-procedure mean of 7.0 (SD, 1.0) to a 
substantially lower score post-procedure (P < .001), reflecting enhanced patient quality of life and symptom alleviation. This study 
underscores POEM’s role as an effective, minimally invasive option for pediatric achalasia management within the Mongolian 
population, offering significant symptomatic relief and improved esophageal function.

Abbreviations: GERD = gastroesophageal reflux disease, IRP = integrated relaxation pressure, LES = lower esophageal 
sphincter, POEM = per oral endoscopic myotomy, PPI = proton pump inhibitor, SD = standard deviation.
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1. Introduction
Achalasia is an infrequent disorder of esophageal motility, 
known by the lower esophageal sphincter’s (LES) inability to 
relax, coupled with the loss of peristaltic movements within 
the esophagus.[1,2] This disorder manifests through symptoms 
including dysphagia (difficulty swallowing), chest pain, regur-
gitation of undigested food, and weight loss, substantially 
affecting the life quality of those afflicted.[3,4] The etiology and 
pathophysiology of achalasia are attributed to the degeneration 
of esophageal inhibitory neurons, resulting in the inability of 

the lower esophageal sphincter to relax properly and abnormal 
motility.[5] Achalasia is a scarce disorder in pediatric popula-
tions, significantly rarer than in adults.[6–8]

Traditionally, treatment options for achalasia have included 
pharmacological interventions such as calcium channel blockers 
and endoscopic management techniques like local injections of 
botulinum toxin or esophageal dilation. For pediatric patients, 
Heller myotomy is a commonly employed surgical intervention 
for pediatric patients that demonstrates excellent clinical out-
comes.[9–11] Nevertheless, per oral endoscopic myotomy (POEM) 
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is the less invasive endoscopic management for children with 
achalasia, achieving favorable clinical outcomes.[10,12–17]

This nationwide study aims to evaluate the safety and efficacy 
of the POEM in pediatric patients with achalasia and report 
experience in Mongolia.

2. Materials and methods
This retrospective cohort study was conducted to evaluate the 
efficacy and safety of POEM in a total 12 pediatric patients with 
achalasia at 2 tertiary centers between February 2020 and March 
2022 in Ulaanbaatar, Mongolia. Eligible participants were chil-
dren (<18 years old) diagnosed with achalasia based on clinical, 
radiological, endoscopic findings and, patients were required to 
have the esophageal luminal capacity for a 9.2 mm gastroscope 
insertion. Inclusion criteria were patients who had symptomatic 
achalasia confirmed by contrast esophagram and upper gastro-
intestinal endoscopy, who were either treatment-naive or had 
previously undergone esophageal dilation without satisfactory 
symptom resolution.

Patient characteristics were collected, including age in 
months, gender, body weight, height, and body mass index. 
The below weight and height of the patients for their age were 
determined according to the World Health Organization Child 
Growth Standards.[18] Moreover, clinical history of the mean 
interval from the definitive diagnosis to the performance of the 
POEM procedure and prior esophageal dilation before POEM 
were collected.

The POEM procedure was performed under general anesthe-
sia and the carbon dioxide was utilized as the insufflation gas 
throughout the procedure. The Olympus Exera III (EVIS-190 
system) paired with a GIF-H190 gastroscope of 9.2 mm diam-
eter featuring a 2.8 mm working channel. Electrocoagulation 
was used with the ERBE VIO 200D unit and a Dual Jet knife 
with a 2.0 mm size for the procedure. The mucosal incision was 
achieved through the Endocut Q mode, utilized to effect level 
1, a duration of 4, and an interval setting of 1. During the sub-
mucosal tunneling and myotomy phases, the forced coagulation 
mode was engaged at effect level 3 and a maximum wattage of 
45. A submucosal tunnel was started 6 to 8 cm proximal to the 
esophagogastric junction. Elevation of the mucosa was done by 
injection of a solution mix of normal saline and indigo carmine. 

Subsequently, a mucosal incision of approximately 2 cm was 
performed, followed by tunneling extending to the gastric car-
dia. A selective myotomy of the inner circular muscle layer on 
the posterior side of the esophagus was performed. The extent 
of the myotomy was chosen according to the length of abnor-
mal contractions in the preoperative LES. Upon completion, the 
esophagogastric junction opening and a thorough inspection 
for any intratunnel bleeding were assessed prior to closing the 
mucosal incision point with EZ reloadable hemoclips (Fig. 1). 
Postoperatively, patients were instructed to abstain from oral 
intake for 24 hours, after which a soft diet was initiated after a 
confirmatory contrast esophagram. All patients were initiated 
on intravenous proton pump inhibitors (PPIs) 1 day before the 
POEM procedure. The dosing regimen was meticulously calcu-
lated based on each patient’s age and weight. This regimen of 
on intravenous PPIs was maintained until the patients were dis-
charged. Post-discharge, patients were transitioned to oral PPI 
therapy, which was continued for 1 month following the POEM 
procedure.

The procedure outcomes measured were abnormal contrac-
tion length and width of the esophagus, contrast delay above the 
abnormal contraction, integrated relaxation pressure (IRP), and 
the severity of achalasia symptoms quantified by the Eckardt 
score. These measurements were obtained at baseline (prior to 
the procedure), 3 days post-procedure, and at the 12-month  
follow-up after POEM, where applicable. The Wilcoxon signed-
rank test was used to compare pre-POEM and post-POEM 
parameters within the same group. A P-value of <.001 was con-
sidered statistically significant, and statistical analysis was per-
formed using SPSS 26.

3. Results
The baseline characteristics of the participants are presented in 
Table 1. The study comprised an equal distribution of female 
and male participants, each representing 50% of the total, 
with 6 participants in each group, and the mean age of the 
participants was 99.3 ± 63.9 months. The mean weight was 
25.7 ± 14.0 kg, and the average percentage of underweight was 
11.5% ± 5.6%. The average height was 119.2 ± 30.4 cm, and a 
percentage of 4.4% (±1.7%) was the mean percentage of under-
weight for their age. Body mass index across the population 

Figure 1. Peroral endoscopic myotomy procedure stages. (A) Endoscopic visualization of the esophageal lumen with an obstructing food bolus indicating 
abnormal contraction. (B) Endoscopic detection of pathologic contractions. (C) Submucosal elevation via injection of a solution comprising normal saline and 
indigo carmine. (D) Creation of a longitudinal incision within the mucosal layer to access the submucosal space. (E) Establishment of a submucosal tunnel and 
initiation of targeted myotomy of the inner circular muscle layer. (F) Continuation of the selective myotomy extending through the inner circular layer down to the 
level of the gastric cardia. (G) Endoscopic assessment of the lower esophageal sphincter post-myotomy to ensure adequate opening and release of pressure. 
(H) Endoscopic application of clips to approximate the mucosal edges and secure closure of the initial access incision.
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averaged 16.4 ± 1.8. Regarding the Chicago classification of 
achalasia version 3.0, most patients (91.7%) were classified as 
Type 2, with only one patient (8.3%) classified as Type 1, and 
no patients were classified as Type 3. The duration from diag-
nosis to POEM averaged 12.2 ± 8.5 months. Among the study 
participants, a substantial majority, 75% (n = 9), had previously 
received esophageal dilation, in contrast to 25% (n = 3) who 
had not. The mean duration of post-procedure hospitalization, 
expressed in bed days, was 9.0 ± 5.0 days.

A comparative evaluation of patient characteristics, con-
ducted before and after the POEM, is delineated in Table 2. 
This analysis revealed a statistically significant improvement 
in all assessed parameters from the pre-procedure baseline to 
the 3-day and 12-month post-procedure follow-up. The pre-
POEM abnormal contraction length demonstrated a mean 
of 3.2 cm (standard deviation [SD] 0.4 cm), which showed 
a significant decrease to 0.2 cm (SD 0.5 cm) 3 days post- 
procedure and 0.3 cm (SD 0.6 cm) at the 12 months follow-up 
(P < .001), respectively. Similarly, the esophageal width reduced 
from a pre-POEM mean of 3.7 cm (SD 0.5 cm) to 2.2 cm (SD 
0.4 cm) in the immediate post-procedure period and to 2.0 cm 
(SD 0.2 cm) after 12 months (P < .001). Furthermore, the pre- 
procedural IRP was 26.8 ± 5.4 mm Hg, significantly improving 
to 10.8 ± 1.1 mm Hg after 12 months.

Notwithstanding these improvements, the Eckardt score, 
which assesses the severity of achalasia symptoms, significantly 

improved from pre-procedure of 7.0 ± 1.0 to post-procedure, 
indicating a significant improvement of symptoms (P < .001). 
These findings suggest that POEM is an effective treatment 
for eliminating esophageal abnormal contraction and improv-
ing the Eckardt score in patients with achalasia. Two patients 
developed gas-related complications, specifically subcutaneous 
emphysema around the neck area. However, the subcutaneous 
emphysema resolved spontaneously after 2 days without the 
need for further intervention or specific treatment. Moreover, 3 
patients developed symptomatic gastroesophageal reflux disease 
(GERD) during the 12-month follow-up period. These patients 
reported experiencing heartburn symptoms approximately 3 
to 4 months after the intervention. A diagnostic gastroscopy 
revealed that both patients had developed Grade A esophagitis 
according to the Los Angeles classification. We initiated treat-
ment with PPIs in response to these findings. There is no indica-
tion for further invasive intervention, as the symptoms are being 
managed medically. Moreover, 2 patients developed symptoms 
of occasional dysphagia and regurgitation after 12 months of 
follow-up.

4. Discussion
The findings from our nationwide study reveal the efficacy of 
POEM procedure as a formidable minimal invasive approach 
for achalasia in pediatric patients within the Mongolian pop-
ulation. Moreover, our findings show that POEM offers sig-
nificant improvements in structural and functional parameters. 
The equal distribution of male and female participants and the 
inclusion of both treatment-naive patients and those with prior 
esophageal dilations broaden the applicability of the results. 
Additionally, the study shows that the annual incidence of 
pediatric achalasia in Mongolia is 0.14 cases per 100,000 indi-
viduals, highlighting the rarity of this disorder in the pediatric 
population.

The management of achalasia in pediatric populations poses 
significant challenges due to the rarity of the condition and the 
necessity for therapeutic modalities that are both efficacious and 
minimally invasive. Therefore, previously, the favored treatment 
options for pediatric patients were pneumatic dilation and Heller 
myotomy.[17] Nonetheless, in earlier studies over a 3-year follow- 
up period, the clinical success rates for Heller myotomy and 
pneumatic dilations stood at 78% and 45%, respectively.[10,19] 
In our study, myotomy was only performed on the posterior 
wall of the esophagus. This strategic choice is predicated on the 
possibility of necessitating an additional intervention should the 
initial POEM not produce the anticipated outcomes. Should fur-
ther treatment be required, the options include either an ante-
rior POEM or a surgical Hellers myotomy. Recent literature has 
demonstrated that POEM procedure achieves notable technical 

Table 1

Baseline characteristics.

Parameter Mean ± SD/percentage

Age 99.3 ± 63.9 months
Gender
  Female 6 (50%)
  Male 6 (50%)
Weight 25.7 ± 14.0 kg
Percentage of underweight 11.5%±5.6%
Height 119.2 ± 30.4 cm
Percentage of under height 4.4%±1.7%
Body mass index 16.4 ± 1.8
Chicago classification
  Type 1 1 (8.3%)
  Type 2 11 (91.7%)
  Type 3 0 (0%)
Duration of diagnosis to POEM 12.2 ± 8.5 months
Previous dilation
  Yes 9 (75%)
  No 3 (25%)
Bed day 9.0 ± 5.0 days

POEM = peroral endoscopic myotomy.

Table 2

Comparative evaluation of patient characteristics before and after peroral endoscopic myotomy (POEM).

Before POEM Post-POEM P value

Pre-procedure 95% CI
3 days 

post-POEM 95% CI
12 months 
post-POEM 95% CI

Pre-POEM vs 3 days 
post-POEM

Pre-POEM vs 12 
months post-POEM

Abnormal contraction lenght
3.2 + 0.4 cm [2.974–3.426] 0.2 ± 0.5 cm [0.083–0.483] 0.3 ± 0.6 cm [0.039–0.639] 0.0001 0.0001

Width of esophagus
3.7 ± 0.5 cm [3.417–3.983] 2.2 ± 0.4 [1.974–2.426] 2.0 ± 0.2 [1.887–2.113] 0.0001 0.0001

Contrast delay
22.3 ± 7.0 sec [18.339–26.261] 1.7 ± .3.7 sec [0.393–3.793] 2.1 ± .4.7 sec [0.559–4.759] 0.0001 0.0001

High resolution-manometory (IRP) mm Hg
26.8 ± 5.4 [21.508–32.092] NA NA 10.8 ± 1.1 [9.722–11.878] NA 0.0001

Eckardt score
7.0 ± 1.0 [6.434–7.566] 1.0 ± 1.7 [0.0382–1.962] 1.0 ± 1.7 [0.0382–1.962] 0.0001 0.0001
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and clinical success, particularly in enhancing Eckardt scores 
and significantly reducing the IRP of the LES.[20–24] Additionally, 
these studies include both short-term and long-term follow-up 
assessments, with some even comparing the efficacy of POEM 
between pediatric and adult patients with achalasia, providing 
a comprehensive evaluation of its effectiveness across different 
age groups.[14,25–29]

In our study population, the POEM procedure demonstrated 
a favorable safety profile, 2 patients experienced gas-related 
complications, presenting as subcutaneous emphysema in the 
neck area. Remarkably, the subcutaneous emphysema resolved 
on its own within 2 days, requiring no additional intervention 
or specific treatment. The emergence of symptomatic GERD 
in a subset of 3 patients during the follow-up period is consis-
tent with established post-POEM outcomes, highlighting the 
necessity for continuous monitoring and the development of 
effective management strategies to address post-procedural 
GERD. Out of these cases, 2 had not been subjected to prior 
dilation therapies, whereas 1 had, indicating no significant 
correlation between prior dilation procedures and the onset 
of GERD post-POEM. These observations concord with prior 
literature documenting the incidence of GERD following 
POEM procedures.[23,28,29] Moreover, the development of the 
occasional regurgitation and dysphagia in 2 patients during 
the 12-month follow-up. These findings suggest the possibility 
of either incomplete myotomy, fibrosis formation, or the nat-
ural progression of the disease in some patients. Furthermore, 
that the 2 individuals who did not benefit optimally from 
POEM had histories of multiple dilations before undergo-
ing the endoscopic myotomy. This indicates a preference for 
selecting POEM as the initial treatment modality rather than 
esophageal dilation. This suggestion arises from observations 
within our study population where patients with previous 
dilation exhibited submucosal fibrosis during the POEM pro-
cedure. Furthermore, these patients were more likely to expe-
rience suboptimal outcomes, as evidenced by the persistence of 
achalasia symptoms post-POEM. It underscores the need for 
careful patient selection, precise surgical technique, and pos-
sibly longer follow-up to understand the long-term outcomes  
fully.

Despite the encouraging findings, our study acknowledges 
the limitations inherent in its retrospective design and the sam-
ple size, which may affect the generalizability of the results. 
Additionally, the lack of a control group precludes a direct 
comparison with other therapeutic modalities, such as Heller 
myotomy, thus limiting our ability to determine POEM’s rela-
tive efficacy conclusively. Furthermore, identifying the annual 
incidence rate of 0.14 cases per 100,000 individuals for pediat-
ric achalasia in Mongolia, emphasizing the need for awareness 
and specialized care for this rare disorder.

In conclusion, POEM is a safe, effective, minimally inva-
sive approach with acceptable clinical outcomes for pediatric 
patients with achalasia.
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