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Abstract
BACKGROUND
Per-oral endoscopic myotomy (POEM) is emerging as a prefer treatment option for pediatric achalasia. However, data are limited on the long-term efficacy of POEM in children and adolescents with achalasia.

AIM
To evaluate the safety and long-term efficacy of POEM for pediatric patients with achalasia and compare those outcomes with adult patients.

METHODS
This retrospective cohort study was conducted in patients with achalasia who underwent POEM. Patients aged under 18 years were included in the pediatric group; patients aged between 18 to 65 years who underwent POEM in the same period were assigned to the control group. For investigation of long-term follow-up, the pediatric group were matched with patients from the control group in a 1:1 ratio. The procedure-related parameters, adverse events, clinical success, gastroesophageal reflux disease (GERD) after POEM, and quality of life (QoL) were evaluated.

RESULTS
From January 2012 to March 2020, POEM was performed in 1025 patients aged under 65 years old (48 in the pediatric group, 1025 in the control group). No significant differences were observed in the occurrence of POEM complications between the two groups (14.6% vs 14.6%; P = 0.99). Among the 34 pediatric patients (70.8%) who underwent follow-up for 5.7 years (range 2.6-10.6 years), clinical success was achieved in 35 patients (35/36; 97.2%). No differences were observed in post-POEM GERD occurrence (17.6% vs 35.3%; P = 0.10). QoL was significantly improved in both groups after POEM.

CONCLUSION
POEM is safe and effective for pediatric patients with achalasia. It can achieve significant symptoms relief and improve QoL.
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Core Tip: Per-oral endoscopic myotomy (POEM) is widely accepted in adult patients with achalasia. However, there is limited data on the application of POEM in pediatric patients, particularly regarding the long-term outcomes. In this study, we evaluated the safety and long-term efficacy of POEM in pediatric patients and compared those results with adult patients. The results show that POEM is safe and effective for pediatric patients with achalasia.

INTRODUCTION
Achalasia is a rare disorder of the esophageal smooth muscle characterized by impaired relaxation of the lower esophageal sphincter (LES) and absent or spastic contractions in the esophageal body[1]. Recent studies have estimated that the annul incidence of achalasia in pediatric population is approximately 0.02-0.31 per 100000 individuals[2-4]. Despite this modest incidence rate, the disease burden of achalasia in pediatric patients is substantial owing to the extreme disruption caused to the patients’ childhood and education. Children with achalasia suffer from dysphagia, regurgitation, vomiting, chest pain, weight loss, and respiratory symptoms (nocturnal cough, aspiration), with frequent emergency department visits, hospitalizations, and malnutrition caused by decreased dietary intake of these children[5]. 
The traditional management of achalasia includes medication, endoscopy, and laparoscopic Heller myotomy (LHM)[6]. Per-oral endoscopic myotomy (POEM) is a minimally invasive method of myotomy first applied in clinical since 2010[7]. Since then, numerous large scales, retrospective and prospective with long-term follow-up studies have shown that POEM is safe and effective in the treatment of achalasia in adult patients[8,9]. However, studies on the safety and long-term effectiveness of POEM in the treatment of pediatric population are limited[10-13]. Owning to the low incidence of achalasia in pediatric population, the sample sizes that can be included in studies are usually small which may affect the credibility of the results. POEM has been proved to be safe and effective in adult patients, comparing the results in pediatric patients with adult patients may further validated the effectiveness of POEM in pediatric patients. Furthermore, the long-term outcome of POEM is needed to be studied as children have a long-life expectancy. Therefore, the aim of this study was to comprehensively evaluate and analyze the safety and long-term outcomes of POEM in pediatric patients and compare with those in adults.

MATERIALS AND METHODS
Study design 
We performed a retrospective cohort study to evaluate the outcome of pediatric patients with achalasia who underwent POEM in comparison to the outcome of all adult patients who underwent POEM within the same period. Written informed consent was obtained from each patient, and the study was approved by the Medical Ethics Committee of The First Medical Center of Chinese PLA General Hospital. Informed consent for patients aged less than 18 years was provided by their guardian.

Patients and data collection
The inclusion criteria in this study included: (1) Achalasia diagnosed by Eckardt score ≥ 4 and further confirmed by esophagogastroduodenoscopy (EGD), barium esophagram, and/or esophageal manometry; and excluding others secondary to tumor, autoimmune diseases, etc; and (2) Patients with age ≤ 65 when performing POEM. Those patients with severe cardiopulmonary disease, blood coagulation disorders, or other underlying diseases were excluded from this study.
Patients aged less than 18 years who underwent POEM in The First Medical Center of Chinese PLA General Hospital, Beijing, China from January 2012 to March 2020 were included in the pediatric group, whereas patients between the ages of 18-65 who underwent POEM in the same period were assigned to the control group. Demographic data and the disease course of the achalasia, including the manifestations, diagnosis, and prior treatments, were recorded in detail upon admission to the hospital. In addition, the Urbach scale questionaries were completed to assess the quality of life (QoL) of achalasia patients[14].
To evaluate the long-term outcomes of POEM in pediatric patients, we matched the pediatric group with patients from the control group in a 1:1 ratio. The matching principles were based on identical gender, the same type of Chicago classification and Ling classification, a surgery date that did not differ by more than three months, and the involvement of the same operating physician.
Patients were scheduled for follow-up visits at 3 mo, 6 mo, and 1 year after POEM, then yearly. EGD was performed to assess wound healing and to determine whether or not post-POEM reflux esophagitis existed. Moreover, esophageal high-resolution manometry, an X-ray barium meal, and 24-h esophageal pH monitoring were performed if possible. Patients were also contacted via telephone and the post-POEM complications, Eckardt score and the Urbach questionaries were recorded.

POEM procedure
POEM was performed after the patients fasted for 48 h and underwent EGD to ensure that no food residue remained in the esophageal lumen. The standard POEM procedure was performed as previously described and generally consisted of the following major steps: First, a submucosal injection of methylene blue saline solution (1:10000) was administered, then a mucosal incision was made approximately 6–10 cm above the gastroesophageal junction (GEJ); second, a submucosal tunnel was established, passing over the GEJ and 2–3 cm into the proximal stomach; third, a myotomy started 2 cm distal to the incision and extended 2–3 cm into the stomach; and finally, after assuring hemostasis and verifying that the endoscope could easily pass the cardia, the mucosal incision was closed with clips (Figure 1). Adequate extension of the submucosal tunnel across the GEJ was confirmed by visualizing blanched gastric mucosa and a vascular pattern. Carbon dioxide gas was used for insufflation with a CO2 insufflator (UCR; Olympus) during procedures.
All patients were kept fasting for 3 d after the procedure. A liquid diet was started for an additional day. Antibiotics and proton pump inhibitor (PPI) were administered intravenously during the fasting period. An oral PPI was required for at least 4 wk subsequently. X-ray or chest and abdominal computed tomography was performed to evaluate gas-related adverse events.

Endoscopic classifications and definitions
The Ling classification was based on the endoscopic morphology of the esophageal lumen[15]. According to multiring structures, crescent-like structures, and diverticula, the Ling classification was recorded as Ling I, Ling IIa, Ling Ib, Ling IIc, and Ling III.
Perioperative outcomes and clinical follow-up were evaluated. Perioperative outcomes included technical success, and perioperative adverse events. Technical success was defined as the successful completion of the entire POEM procedure; if the procedure was not completed, it was defined as technical failure. Perioperative adverse events include mucosa injury, gas-related adverse events (pneumothorax, pneumoperitoneum and subcutaneous emphysema), pleural effusion, and bleeding. Procedure time was defined as the time from submucosal injection to the end of incision closure with clips. Clinical success was defined as a post-POEM Eckardt score ≤ 3. QoL was accessed by Urbach questionaries.

Statistical analysis
Depending on the distributional properties, outcome measures were expressed as the mean ± SD or as median values with ranges. For normally distributed continuous data, statistical significance was assessed by the Student’s t-test; for categorical data, significance was assessed by the chisquared test with Yates’ correction when appropriate or by the Fisher’s exact test; and for non-normally distributed continuous data, statistical significance was assessed by the Wilcoxon test. A P value of < 0.05 was established as the significance level. 

RESULTS
From January 2012 to March 2020, POEM was performed in 1073 patients aged under 65 years old (48 in the pediatric group and 1025 in the control group).

Baseline characters
The demographic and clinical characteristics of the patients in the two groups are shown in Table 1. There was no significant difference in gender distribution between the two groups. The median age of the pediatric patients who underwent POEM in our hospital was 16 years (range 7-18 years). Compared with control group, body weight index of pediatric group was significantly lower (17.7 vs 20.9, P < 0.001). Although the median disease course was significantly shorter in the pediatric group (median 17.5 mo vs 48 mo, P < 0.001), no significant differences were observed between the two groups regarding the type of Chicago classification, type of Ling classification and residual LES pressure. Twelve pediatric patients and 183 adult patients had undergone prior treatments, including botulinum toxin injection, pneumatic balloon dilation, endoscopic stent placement, POEM and LHM. In terms of prior treatment history, there were 4 (8.3%) patients received botulinum toxin injection, 5 (10.4%) patients received pneumatic balloon dilation, 1 (2.1%) patient had POEM and 2 (4.2%) patients had more than one treatment method in pediatric group. While 46 (4.5%) patients had botulinum toxin injection, 92 (9.0%) patients had pneumatic balloon dilation, 9 (0.9%) patients had POEM, 10 (1.0%) had LHM, 14 (1.4%) patients had endoscopic stent placement, and 12 (1.2%) had more than one treatment method in control group.

Procedure-related characteristics and safety
The procedure results in the two groups are shown in Table 2. All pediatric patients successfully underwent POEM. Of the 1025 patients in control group, 1016 (99.1%) had technique success; nine patients could not complete the POEM procedure because of serious submucosal adhesions. No significant differences were observed between the pediatric and control groups regarding the length of tunnel, length of esophageal myotomy, length of gastric myotomy, types of myotomy and procedure time. The mean lengths of the tunnel were 10.8 cm (range, 7–14 cm) and 11.2 cm (range, 5-20 cm), respectively, whereas the length of the esophageal and gastric tunnels were 5.3 cm (range, 1-9 cm) and 1.9 cm (range, 0-4 cm) in pediatric group and were 5.2 cm (range, 3-15 cm) and 1.9 cm (range, 0-4 cm) in control group. A progressive full-thickness myotomy was the most common type of myotomy in both group (87.5% in pediatric group and 78.0% in control group). The types of myotomy in the remaining pediatric patients involved full thickness muscle myotomy (6.3%), circular muscle myotomy (2.1%), and other types (4.2%). In the control group, full-thickness myotomy accounted for 9.6%, circular myotomy accounted for 5.5%, and other incision types accounted for 6.9%. The mean procedure time was 43.9 min (range, 24-116 min) and 47.1 min (14-160 min) respectively. 
No significant differences were observed between the pediatric and control groups regarding the overall complications of POEM (14.6 % vs 14.6 %; P = 0.997). All of the mucosa injuries were closed with titanium clips and porcine fibrin glue. Patients with pneumoperitoneum treated by puncture with a 10-mL syringe intra-operatively and patients with subcutaneous emphysema gradually absorbed the gas without special intervention. In the pediatric group, three complications of POEM occurred in seven patients (7/48; 14.6%), with three of these patients presenting with mucosa injury, two presenting with pneumoperitoneum, and two presenting with subcutaneous emphysema. In control group, in addition to mucosa injury and gas-related complications, a 27-year-old male patient had delayed bleeding with hematemesis 11 d after the POEM and he underwent gastroscopic hemostasis. The patient with pleural effusion was treated with closed thoracic drainage. None of the patients with complications required surgical intervention or intensive care unit (ICU) transfer.

Efficacy
The median follow-up period was 5.7 years (range 2.6-10.6 years) for the pediatric group and 14 patients were lost for long-term follow-up. Significant differences were shown in the Eckardt score, QoL, height, weight, residual LES pressure and numbers of months absent from school of the pediatric patients before and after POEM (Table 3). The Eckardt score after median 5.7 years of follow-up was significantly declined compared with the score before POEM (8.0 vs 1.1, P < 0.001) and all symptom component of the Eckardt score decreased significantly. QoL was assessed by Urbach scale questionaries, which is a 10-item measure of disease-specific health-related QoL that sampled the concepts of food tolerance, dysphagiarelated behavior modifications, pain, heartburn, distress, lifestyle limitation, and satisfaction. Scores on the Urbach scale questionaries range from 10-33, and lower scores indicate better QoL. Urbach scores were significantly lower in pediatric patients at long-term follow-up after POEM treatment compared with pre-treatment scores (24.7 vs 12.8, P < 0.001). The height and weight of pediatric patients also improved significantly at follow-up (163.7 cm vs 170.5 cm and 49.9 kg vs 64.3 kg, P < 0.001). Moreover, the absences from school decreased significantly (median 3.3 mo vs 0.1 mo, P < 0.001).
To compare the long-term outcomes of POEM in pediatric patients and adult patients, we matched the pediatric group with patients from the control group in a 1:1 ratio. The matching principles were based on identical gender, the same type of Chicago classification and Ling classification, a surgery date that did not differ by more than three months, and the involvement of the same operating physician. The long-term outcomes of POEM in pediatric patients and matched adult patients were shown in Table 4. The median follow-up time in pediatric group and matched adult group was 5.7years (range 2.6-10.6 years) and 6.0 years (range 2.7-10.7 years) respectively. Patients in both groups had clinical symptoms relief and QoL improvement after POEM. No significant differences were observed between the two groups regarding the Eckardt scores, Urbach scores, clinical failure and clinical reflux evaluation. Before POEM treatment and at post-operative follow-up, the body mass index (BMI) of matched control group was significantly greater than that of pediatric group (17.7 vs 20.0; 20.8 vs 24.0). However, the difference in BMI before and after POEM was similar in both groups (3.7 vs 3.5, P = 0.502). 
All adult patients in matched group received clinical success. One pediatric patient was considered clinical failure because his Eckardt score was 4. The patient mainly has substernal pain and need to drink water to when eating dry food without weight loss and chest pain. 
Gastroesophageal reflux disease (GERD) is the most common adverse event after POEM treatment[16]. Reflux esophagitis identified by EGD and assessed by the Los Angeles classification. A GerdQ score of GERD with a score of > 7 was defined as symptomatic reflux[11,13]. At median 5.7 years follow-up, 6 patients (6/34, 17.6%) were suffered from symptomatic reflux, with 2 patients (5.9%) showed reflux esophagitis (1 Los Angeles type A, 1 Los Angeles type B) on endoscopy and 4 patients (11.8%) were suffered from clinical reflux. In matched control group, 2 patients (5.9%) showed reflux esophagitis (1 Los Angeles type A, 1 Los Angeles type C) on endoscopy, 10 patients (29.4%) were suffered from clinical reflux. All patients were well controlled with medical therapy.

DISCUSSION
In this study, we included 48 pediatric patients and 1025 adult patients with achalasia and patients had a median 5.7 years followed-up. The risk of complications relating to POEM was not increased in pediatric patients, and the long-term efficacy of POEM in pediatric patients were similar to the results of adult group. Our results indicated that POEM is a safe and effective procedure for the management of pediatric achalasia.
Achalasia is a primary esophageal motility disorder with unknown etiology. While adults and children both present with progressive dysphagia initially to solids and in some cases to liquids, the manifestations can be more protean and challenging to diagnose in children. A majority of pediatric patients, especially those under 6-7 years of age, are often misdiagnosed as GERD and given acid-suppressive therapy[17]. Patients have dysphagia due to esophageal motility disorder, and some children may show reluctance to eat and be misdiagnosed as anorexia[18]. Up to 50% of children are treated with antacids or prokinetics before the diagnosis of achalasia is identified[19]. Dysphagia and regurgitation are the main symptoms of achalasia, and patients often suffer from malnutrition due to insufficient intake[20]. Upon majority of patients present normal BMI or even obese, there are almost 50% of patients to be at moderate or high risk for malnutrition at presentation[21]. Compared with adult patients, malnutrition in a pediatric patient may negatively affect long-term growth and development. Furthermore, psychology of children is immature, and the decline in QoL caused by achalasia can lead to a series of mental illnesses in pediatric patients such as low self-esteem, depression, anxiety, school stress or decreased performance[22]. Therefore, it is urgent to find an effective treatment method to relieve the symptoms of achalasia in pediatric patients. POEM is a is a less invasive therapy with promising treatment effect. Since the clinical application of POEM in 2010, a large number of studies have been conducted and shown that POEM is a safe and effective method for the treatment of achalasia in adult patients[7,23,24]. However, data of POEM for pediatric patients are limited. Due to the low incidence of achalasia in children and adolescents, the sample size is small in most studies which is difficult to systematically evaluate and avoid statistical bias. Therefore, comparing its outcomes with those in adults seems particularly necessary. In addition, pediatric patients have a long-life expectancy and the long-term outcomes of POEM should be investigated. To our best knowledge, this is the first study evaluated the safety and long-term efficacy of POEM in children and compared those with adults with the median follow-up time over 5 years.
In our study, we compare 48 pediatric patients with 1025 adults with a median follow-up over 5 years. The technique success achieved 100% in pediatric group and 99.1% in control group. Standard tunnel and the length of myotomy were applied during POEM procedure in both groups. According to the previous studies, pediatric patients were all received standard tunnel and myotomy length[11,13,25]. POEM-related parameters such as length of tunnel, length of myotomy, types of myotomy and operation time were similar to those of adult patients.
Our results showed that there are no significant differences between the pediatric and control groups regarding the overall complications of POEM. All pediatric patients who developed complications recovered with conservative management. While one adult patient had delayed bleeding with hematemesis need another endoscopic invention and one pleural effusion which treated with closed thoracic drainage. Liu et al[13] showed only five children (3.8%) experienced major adverse events, which were resolved by conservative treatment[13]. Peng et al[11] found two children (8.3%) developed perioperative subcutaneous emphysema during the procedure and were spontaneously absorbed without any intervention[11]. Wood et al[25] showed that among 21 pediatric patients who received POEM, one had mucosa injury and one had pneumoperitoneum. None of them need for reintervention[25]. Choné et al[26] indicated that 1 case (1%) of significant per-procedure bleeding, 7 cases (6%) had postoperative adverse events. None of them need surgery or transfer to ICU[26]. All these results indicate that POEM is a safe treatment method for pediatric patients.
In our study, all the pediatric patients with preoperative dysphagia and regurgitation reported improved or resolved symptoms at the median 5.7 years follow-up. All of them were free from the further intervention for achalasia after POEM. Compared with adult patients, POEM also achieved satisfactory long-term outcomes in pediatric patients. One pediatric patient was considered clinical failure at last time follow-up as his Eckardt score was 4. The patient began to experience intermittent dysphagia symptoms again in the second year after POEM and at last time follow-up the patient mainly has substernal pain and need to drink water to when eating dry food every day. In this patient, a submucosal tunnel of standard length was established, but the end of the tunnel was located at the EGJ, and only esophagomyotomy was performed. Studies had showed that in order to ensure the curative effect of POEM, the length of myotomy is routinely 8-10 cm, at least 2 cm below the EGJ[27]. Therefore, symptom recurrence of the patient may be related to insufficient myotomy and we suggested him could receive a re-POEM. 
Several factors could limit the extent to which the results can be generalized in our study. First, we did not analysis the risk factors for complications of POEM in pediatric patients due to the small sample size. Second, the mean age was slightly older in pediatric group (median age was 16). This shortage is due to younger children tend to receive treatment in children’s hospitals in China. Third, the study was retrospective and a single-center analysis. 

CONCLUSION
In summary, POEM is safe treatment method and could achieve satisfactory long-term outcomes in pediatric patients. Furthermore, prospective, multicenter, and large sample studies are warranted to validate our conclusions.

ARTICLE HIGHLIGHTS
Research background
Achalasia is a rare disorder of the esophageal smooth muscle which cause dysphagia, regurgitation, chest pain and weight loss. In recent years, per-oral endoscopic myotomy (POEM) is emerging as a prefer treatment option for patients achalasia.

Research motivation
Although POEM was proved to be safe and efficacy for adult patients with achalasia, data of POEM in pediatric patients are limited.

Research objectives
To evaluate the safety and long-term efficacy of POEM for pediatric patients with achalasia.

Research methods
We performed a retrospective cohort study to evaluate the outcome of pediatric patients with achalasia who underwent POEM in comparison to the outcome of all adult patients who underwent POEM within the same period. To evaluate the safety of POEM, we compare the operation-related parameters and complications in the two groups. To evaluate the long-term efficacy of POEM, we compare the body mass index, clinical symptoms, quality of life in pediatric group before and after POEM; and we also compare those outcomes in pediatric group and matched adult group.

Research results
The risk of complications relating to POEM was not increased in pediatric patients, and the long-term efficacy of POEM in pediatric patients were similar to the results of adult group. 

Research conclusions
POEM is safe treatment method and could achieve satisfactory long-term outcomes in pediatric patients.

Research perspectives
POEM can be an an effective treatment option for achalasia in pediatric patients.
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Figure Legends
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Figure 1 The procedure of per-oral endoscopic myotomy. A: Submucosal injection of methylene blue saline solution; B: Mucosal incision. The black arrow points to the inversed T-shaped incision; C: The submucosal tunnel establishment; D and E: Myotomy in the submucosal tunnel; F: Mucosal incision was closed with clips.

Table 1 General characteristics of the pediatric group and the control group
	
	Pediatric group (n = 48)
	Control group (n = 1025)
	P value

	Sex, n (%)
	
	
	

	Male
	26 (54.2)
	469 (45.8)
	0.253

	female
	22 (45.8)
	556 (54.2)
	

	Age, median (range), years
	16 (7-18)
	43 (19-65)
	< 0.001

	BMI, median (range), kg/m2
	17.7 (11.2-26.8)
	20.9 (12.9-40.4)
	< 0.001

	Chicago classification, n (%)
	(n = 42, 87.5)
	(n = 1003, 97.8)
	0.928

	
	Type I
	7 (16.7)
	156 (15.5)
	

	
	Type II
	32 (76.2)
	787 (78.5)
	

	
	Type III
	3 (7.1)
	60 (6.0)
	

	Ling classification, n (%)
	
	
	0.076

	
	Ling I
	9 (18.8)
	189 (17.0)
	

	
	Ling IIa
	17 (35.4)
	340 (30.6)
	

	
	Ling IIb
	18 (37.5)
	249 (22.4)
	

	
	Ling IIc
	4 (8.3)
	206 (18.5)
	

	
	Ling III
	0 (0.0)
	41 (1.35)
	

	Disease course, median (range), month
	17.5 (2-120)
	48 (1-540)
	< 0.001

	LES pressure, median (range), mmHg
	(n = 42, 87.5)
	(n = 1003, 97.8)
	0.214

	
	[bookmark: _Hlk133875085]25.8 (8.4-65.9)
	[bookmark: _Hlk133875158]24.5 (1-83.2)
	

	Prior treatment
	
	
	0.210

	Patients without prior treatment, n (%)
	36 (75.0)
	842 (82.1)
	

	Patients with prior treatment, n (%)
	12 (25.0)
	183 (17.9)
	

	
	BTI
	4 (8.3)
	46 (4.5)
	

	
	PBD
	5 (10.4)
	92 (9.0)
	

	
	POEM
	1 (2.1)
	9 (0.9)
	

	
	LHM
	0 (0.0)
	10 (1.0)
	

	
	ESP
	0 (0.0)
	14 (1.4)
	

	
	PBD + BTI
	1 (2.1)
	3 (0.3)
	

	
	ESP + BTI
	1 (2.1)
	1 (0.1)
	

	
	POEM + PBD
	0 (0.0)
	2 (0.2)
	

	
	PBD + ESP
	0 (0.0)
	3 (0.3)
	

	
	PBD + LHM
	0 (0.0)
	1 (0.1)
	

	
	BTI + LHM
	0 (0.0)
	1 (0.1)
	

	
	ESP + LHM
	0 (0.0)
	1 (0.1)
	


BTI: Botulinum toxin injection; BMI: Body mass index; PBD: Pneumatic balloon dilation; POEM: Per-oral endoscopic myotomy; LHM: Laparoscopic Heller myotomy; ESP: Endoscopic stent placement; LES: Lower esophageal sphincter.

Table 2 Procedure‑related characteristics and complications of pediatric group and control group, n (%)
	
	Pediatric group 
	Control group
	P value

	Technique success
	48 (100.0)
	1016 (99.1)
	> 0.999

	Length of tunnel, mean (range), cm
	10.8 (7-14)
	11.2 (5-20)
	0.206

	Length of esophageal myotomy, mean (range), cm
	5.3 (1-9)
	5.2 (3-15)
	0.529

	Length of gastric myotomy, mean (range), cm
	1.9 (0-4)
	1.9 (0-4)
	0.648

	Types of myotomy
	
	
	0.458

	
	Progressive full-thickness myotomy
	42 (87.5)
	792 (78.0)
	

	
	Full-thickness muscle myotomy
	3 (6.3)
	98 (9.6)
	

	
	Circular muscle myotomy
	1 (2.1)
	56 (5.5)
	

	
	Others1
	2 (4.2)
	70 (6.9)
	

	Procedure time, mean (range), min
	43.9 (24-116)
	47.1 (14-160)
	0.394

	Complications
	7 (14.6)
	148 (14.6)
	0.997

	
	Mucosa injury
	3 (6.2)
	84 (8.3)
	

	
	Gas-related adverse event
	
	
	

	
	
	Pneumothorax
	0 (0.0)
	3 (0.3)
	

	
	
	Pneumoperitoneum
	2 (4.2)
	27 (2.7)
	

	
	
	Subcutaneous emphysema
	2 (4.2)
	32 (3.2)
	

	
	Pleural effusion
	0 (0.0)
	1 (0.1)
	

	
	Bleeding
	0 (0.0)
	1 (0.1)
	


1Other types of myotomy include circular muscle incision plus balloon plasty and glass-style anti-reflux myotomy.

Table 3 The long-term outcomes of per-oral endoscopic myotomy in pediatric patients
	
	Pre-POEM
	Post-POEM
	P value

	Eckardt score, mean (range)
	8.0 (4-11)
	1.1 (0-4)
	< 0.001

	Dysphagia, mean ± SD
	2.8 ± 0.7
	0.6 ± 0.7
	< 0.001

	Regurgitation, mean ± SD
	1.7 ± 0.8
	0.1 ± 0.2
	< 0.001

	Chest pain, mean ± SD
	1.0 ± 0.9
	0.4 ± 0.6
	< 0.001

	Weight loss, mean ± SD
	1.5 ± 1.2
	0.0 ± 0.0
	< 0.001

	Urbach score, mean (range)
	12.8 (10-20)
	24.7 (18-30)
	< 0.001

	Height, mean (range), cm
	163.7 (120-184)
	170.5 (159-185)
	< 0.001

	Weight, mean (range), kg
	49.9 (22.2-82)
	64.3 (47-100)
	< 0.001

	Number of months absent from school, mean (range), months
	3.3 (0.5-24)
	0.1 (0-1)
	< 0.001


POEM: Per-oral endoscopic myotomy.

Table 4 The long-term outcomes of per-oral endoscopic myotomy in pediatric group and matched control group
	
	Pediatric group (n = 34)
	Matched control group (n = 34)
	P value

	Follow-up time, median (range), years
	5.7 (2.6-10.6)
	6.0 (2.7-10.7)
	0.954

	Pre-POEM, Eckardt score, mean (range)
	8.0 (4-11)
	7.9 (4-12)
	0.975

	Post-POEM (3 mo), Eckardt score, mean (range)
	0.3 (0-3)
	0.3 (0-2)
	0.978

	Post-POEM, Eckardt score, mean (range)
	1.1 (0-4)
	1.4 (0-3)
	0.088

	Eckardt score1 (pre-post), mean (range)
	6.9 (2-10)
	6.4 (0-12)
	0.578

	Pre-POEM BMI, median (range), kg/m2
	17.7 (11.2-26.8)
	20.0 (16.4-28.7)
	< 0.001

	Post-POEM BMI, median (range), kg/m2
	20.8 (15.8-29.5)
	24.0 (19.5-29.4)
	< 0.001

	BMI (Post-pre)2, median (range), kg/m2
	3.7 (-1.7-13)
	3.5 (0.7-12.9)
	0.502

	Pre-POEM, Urbach score, mean (range)
	12.8 (10-20)
	12.7 (10-20)
	0.842

	Post-POEM, Urbach score, mean (range)
	24.7 (18-30)
	25.7 (17-33)
	0.221

	Urbach score3 (pre-post), mean (range)
	11.9 (1-18)
	13.0 (4-23)
	0.254

	Clinical success, n (%)
	33 (97.1)
	34 (100.0)
	> 0.999

	Clinical reflux evaluation
	6 (17.6)
	12 (35.3)
	0.099

	
	Reflux esophagitis by gastroscopy
	2 (5.9)
	2 (5.9)
	

	
	Symptomatic reflux
	4 (11.8)
	10 (29.4)
	


1Eckardt score: The Eckardt score before per-oral endoscopic myotomy (POEM) minus the Eckardt score at last follow-up.
2Body mass index (BMI): The BMI value at the last follow-up minus the BMI value before POEM.
3Urbach score: The Urbach score before POEM minus the Urbach score at last follow-up.
POEM: Per-oral endoscopic myotomy; BMI: Body mass index.
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