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Abstract
BACKGROUND
For recurrent achalasia after initial peroral endoscopic myotomy (POEM) failure, repeat POEM (Re-POEM) has been reported as a treatment option. However, severe esophageal interlayer adhesions caused by previous procedures impede the successful establishment of a submucosal tunnel and lead to aborted Re-POEM procedures. Our team previously described POEM with simultaneous submucosal and muscle dissection (POEM-SSMD) as a feasible solution for achalasia with severe interlayer adhesions.

AIM
To investigate the effectiveness and safety of Re-POEM with simultaneous submucosal and muscle dissection (Re-POEM-SSMD).

METHODS
A total of 1049 patients with achalasia who underwent successful endoscopic myotomy at the Digestive Endoscopic Center of Chinese PLA General Hospital from December 2014 to May 2022 were reviewed. Patients with recurrent achalasia who experienced initial POEM clinical failure were retrospectively included in this study. The primary endpoint was retreatment clinical success, defined as an Eckardt score ≤ 3 during the postretreatment follow-up and no need for additional treatment. Procedure-related adverse events, changes in manometric lower esophageal sphincter (LES) pressure and reflux complications, as well as procedure-related parameters, were recorded.

RESULTS
Sixteen patients underwent Re-POEM (9 patients) or Re-POEM-SSMD (7 patients) successfully at a median of 45.5 mo (range, 4-95 mo) after initial POEM. During a median follow-up period of 31 mo (range, 7-96 mo), clinical success (Eckardt score ≤ 3) was achieved in 8 (88.9%) and 6 (85.7%) patients after Re-POEM and Re-POEM-SSMD, respectively (P = 0.849). The median Eckardt score dropped from 4 (range, 3-8) at preretreatment to 1 (range, 0-5) at postretreatment in the Re-POEM group (P = 0.025) and from 5 (range, 2-8) to 2 (range, 0-4) in the Re-POEM-SSMD group (P < 0.001). The mean manometric LES pressure decreased from 23.78 ± 9.04 mmHg to 11.45 ± 5.37 mmHg after Re-POEM (P < 0.001) and from 26.80 ± 7.48 mmHg to 11.05 ± 4.38 mmHg after Re-POEM-SSMD (P < 0.001). No serious adverse events were recorded in both groups.

CONCLUSION
In conclusion, Re-POEM-SSMD appears to be a safe and effective salvage therapy for recurrent achalasia with severe interlayer adhesions.
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INTRODUCTION
Achalasia is an uncommon esophageal motor disorder estimated to affect 2 to 3 people per 100000 people in the general population and is caused by failure of adequate relaxation of the lower esophageal sphincter (LES) and impaired esophageal peristalsis[1]. Treatment options mainly include endoscopic botulinum toxin injection, laparoscopic Heller’s myotomy (LHM), pneumatic dilation (PD) and peroral endoscopic myotomy (POEM) and aim to relax or cause a mechanical disruption of the LES in order to achieve symptom relief and restore quality of life[2].
POEM is a super minimally invasive surgery (SMIS) with transesophageal tunnelling endoscopic myotomy and has been used to treat achalasia since 2010[3]. Because of digestive endoscopic tunnel techniques (DETTs), diseases such as achalasia that were previously treated surgically can now be treated endoscopically by creating a submucosal tunnel as a surgical space[4]. Based on results from a multitude of retrospective studies, the clinical success rate of POEM for achalasia treatment exceeds 90%, with only approximately 5%-10% of patients remaining symptomatic postoperatively[5-7].
Recently, repeat POEM (Re-POEM) has been reported as an endoscopic therapeutic option for patients with persistent or recurrent symptoms of achalasia after POEM[8,9]. However, severe interlayer adhesions in the submucosa caused by previous POEM could hinder the establishment of a submucosal tunnel and therefore increase the procedural difficulty of RE-POEM. Coincidentally, we previously reported POEM with simultaneous submucosal and muscle dissection (POEM-SSMD) as a treatment option for patients with achalasia and severe interlayer adhesions[10]. Herein, we retrospectively compared Re-POEM and Re-POEM with simultaneous submucosal and muscle dissection (Re-POEM-SSMD) as a salvage therapy for patients with prior failed POEM procedures in terms of clinical efficacy and safety.

MATERIALS AND METHODS
Patients
We reviewed 1049 patients with achalasia who underwent successful endoscopic myotomy (POEM, Re-POEM and Re-POEM-SSMD) at the Digestive Endoscopic Center of Chinese PLA General Hospital from December 2014 to May 2022. Patients with recurrent achalasia who experienced initial POEM clinical failure were retrospectively included in this study. Post-POEM clinical failure was defined as having persistent or recurrent symptoms for at least 3 mo. The diagnosis of recurrent achalasia was based on medical history, clinical symptoms, esophagogastroduodenoscopy (EGD), barium swallow and manometry. Patients who had undergone surgical therapy for achalasia or had previous surgery of the esophagus were excluded. Patient demographics, baseline clinical status and preprocedural evaluation were recorded. The esophageal symptoms and clinical status were quantified using the Eckardt score[11]. The study was reviewed and approved by the Ethics Committee of Chinese PLA General Hospital (Approval No. S2021-207-01). All study participants signed a written informed consent form.

Interventions
The standard endoscopic procedures were performed by two senior endoscopists with sufficient experience in therapeutic endoscopy as previously described[12]. Patients were kept in the supine position with the right shoulder elevated. Re-POEM or Re-POEM-SSMD was performed using a single-channel high-definition gastroscope and carbon dioxide (CO2) gas for insufflation during the procedure.
During the Re-POEM procedure, the scarred area was avoided in the opposite orientation of the initial POEM site to allow the establishment of a new submucosal tunnel. When severe interlayer adhesions impeded the establishment of new submucosal tunnel, Re-POEM-SSMD was performed to dissect the submucosa and muscle synchronously as we described previously[13].
The sequential steps were generally performed as follows: (1) The submucosal space was created by injecting methylene blue saline solution to create a liquid mat, and then an inverse T incision was made for tunnel entry; (2) the extended submucosal tunnel was terminated at the lesser curvature of the cardia (Re-POEM) or as far as possible due to the interlayer adhesions (RE-POEM-SSMD); (3) a circumferential layer myotomy was performed at the proximal esophagus and a full-thickness myotomy was performed extended to 2-3 cm below the cardia (Re-POEM), or the submucosa and muscle were incised simultaneously and a full-thickness myotomy was performed 2-3 cm below the cardia without impairing the mucosa (RE-POEM-SSMD); and (4) then the mucosal incision site was sealed using endoscopic metal clips after hemostasis was achieved.
All patients were observed for gas-related adverse events such as subcutaneous emphysema, pneumothorax or pneumoperitoneum to confirm the absence of gas leakage. After the procedure, dietary restrictions were enforced, and proton pump inhibitors (PPIs) and antibiotics were routinely administered intravenously. Upon discharge, patients were instructed to continue taking oral PPIs and adhere to a soft diet for at least four weeks.

Outcome measures
The primary endpoint was retreatment clinical success, which was defined as an Eckardt score of ≤ 3 during the postprocedure follow-up and no need for additional treatment. Secondary outcome measures were procedure-related adverse events, changes in manometric LES pressure and Eckardt score, reflux complications after retreatment, and procedure-related parameters such as operative time, tunnel length, myotomy length and length of hospital stay.

High-resolution manometry and Ling classification
LES pressures before and after retreatment were recorded by using a high-resolution manometry (HRM) system at 1-cm intervals with high-fidelity circumferential sensors (ManoScan; Sierra Scientific Instruments Inc, Los Angeles, CA, United States) as we previously described[12]. HRM was performed with patients in a supine position after a minimum of 6 hours of fasting. Pressure data of 10 wet swallows were recorded and analyzed with Mano-View software. Ling classification of achalasia, which is used to describe the endoscopic morphology of the esophageal lumen, was recorded as we previously described[14].

Follow-up
Upper gastrointestinal endoscopic evaluation including monitoring of wound healing and examination of objective signs of reflux esophagitis and HRM were scheduled at 3, 6 and 12 mo post retreatment. Patient-reported outcomes such as Eckardt scores and symptomatic reflux were recorded in the outpatient clinic or by telephone at 3, 6 and 12 mo and then annually thereafter.

Statistical analysis
The results were expressed as the mean with a standard deviation (SD) or median with a range for quantitative data and numbers with percentages for categorical data. Student’s t test and the Mann–Whitney U test were used to compare baseline characteristics (other than sex), operation parameters, Eckardt score and LES pressure between the Re-POEM and Re-POEM-SSMD groups. Fisher’s exact test was used to compare sex, clinical success and reflux complications between the Re-POEM and Re-POEM-SSMD groups. The Friedman Test was used to compare the baseline, preretreatment and postretreatment Eckardt score and Paired Student’s t test was used to compare preretreatment and postretreatment LES pressure. All reported P values were two-tailed, with statistical significance set at P < 0.05. Statistical analyses were performed using SPSS software (version 26.0; SPSS, Chicago, IL, United States).

RESULTS
Clinical characteristics of patients
Sixteen patients (9 male, 7 female; mean age 43.4 ± 16.3 years) who experienced initial POEM clinical failure were diagnosed with recurrent achalasia. The median duration of dysphagia was 86.5 mo (range, 16-420 mo). Symptoms of achalasia recurred a median time of 15.5 mo (range, 0-92 mo) after initial POEM. Retreatment procedures were conducted after a mean of 45.5 mo (range, 4-95 mo) following the initial POEM. According to the Ling classification, 2 patients (12.5%), 5 patients (31.3%), 1 patient (6.3%), 5 patients (31.3%) and 3 patients (18.8%) had Ling I, Ling IIa, Ling IIb, Ling IIc and Ling IIIr types, respectively (Table 1).

Procedure-related parameters and adverse events
Re-POEM (9 patients) and Re-POEM-SSMD (7 patients) procedures were conducted successfully in all patients. A representative case of Re-POEM-SSMD is described in Figure 1. The mean operative time was 39.22 ± 15.19 min in the Re-POEM group and 47.86 ± 9.71 min in the Re-POEM-SSMD group (P = 0.414). The median lengths of the submucosal tunnel and myotomy were 9 cm (range, 7-13 cm) and 6 cm (range, 4.5-11 cm) in the Re-POEM group and 5 cm (range, 4-12 cm) (P = 0.012) and 6 cm (range, 4-11 cm) (P = 1.000) in the Re-POEM-SSMD group, respectively. Prophylactic antibiotics were administered for 3 to 6 d after the procedures. The average length of hospital stay was 6.0 ± 1.7 d and 7.1 ± 1.3 d after Re-POEM and Re-POEM-SSMD, respectively (P = 0.454). Regarding procedure-related adverse events, computed tomography showed pneumoperitoneum in two patients in the Re-POEM group but no apparent clinical consequence occurred during later follow-up. One patient in the Re-POEM-SSMD group sustained mucosal perforation during submucosal tunnel construction and was treated by endoscopic metal clips, no additional clinical complications were observed (Table 2).

Treatment outcomes and reflux complications
During a median follow-up period of 31 mo (range, 7-96 mo), clinical success (Eckardt score ≤ 3) was achieved in 8 (88.9%) and 6 (85.7%) patients after Re-POEM and Re-POEM-SSMD, respectively (P = 0.849). None of the patients underwent balloon dilation, temporary esophageal stent placement, or botulinum toxin injections after POEM or retreatment. One patient in the Re-POEM group had recurrent symptoms of achalasia and chose a follow-up strategy. Reintervention was performed in 1 patient in the Re-POEM-SSMD group for recurrent symptoms (Table 2).
The median Eckardt score dropped from 4 (range, 3-8) at preretreatment to 1 (range, 0-5) at postretreatment in the Re-POEM group (P = 0.025) and from 5 (range, 2-8) to 2 (range, 0-4) in the Re-POEM-SSMD group (P < 0.001) (Figure 2). The mean manometric LES pressure decreased from 23.78 ± 9.04 mmHg to 11.45 ± 5.37 mmHg after Re-POEM (P < 0.001) and from 26.80 ± 7.48 mmHg to 11.05 ± 4.38 mmHg after Re-POEM-SSMD (P < 0.001) (Figure 3).
At the follow-up EGD, no severe complications, such as delayed bleeding or mucosal barrier failure, were detected. The overall rate of clinical reflux complications following retreatment was 56.3% (9/16). Six patients developed symptomatic gastroesophageal reflux such as heartburn and reflux after Re-POEM and were treated by intermittent administration of standard-dose PPI. Reflux esophagitis was detected in six patients (Los Angeles classification A, 2; B, 1; C, 3) in the Re-POEM and three (Los Angeles classification B, 1; C, 2) in the Re-POEM-SSMD group (P = 0.100). 

DISCUSSION
Although POEM is highly effective as a first-line treatment for achalasia, a small percentage of patients remain symptomatic or experience relapse after POEM[15,16]. Inadequate myotomy below the EGJ, premature fusion healing and early myotomy site scarring may be the main causes of recurrent dysphagia in POEM patients. Prior botulinum toxin injections and balloon dilations may also lead to substantial fibrosis, making myotomy more difficult. Consensus on the optimal management strategy for patients with recurrent achalasia after initial POEM failure has not yet been reached.
Re-POEM after failed surgical Heller myotomy has been reported to have good short-term results[17,18]. Recently, Re-POEM has also been described as an effective endoscopic therapy for the treatment of achalasia after failed initial POEM procedures with clinical success rates ranging from 63%-100%[8,19]. Moreover, Ichkhanian et al[9] reported that when compared with pneumatic dilation and LHM, Re-POEM had a higher clinical success rate in the management of patients with failed initial POEM. As a SMIS, Re-POEM is less invasive compared to Heller myotomy and requires fewer attempts compared to balloon dilation. In this retrospective study, we found that Re-POEM had a clinical success rate of 88.9% for recurrent achalasia after initial POEM failure, which is similar to that reported in previous studies.
In POEM procedures, submucosal tunnel dissection and endoscopic myotomy must extend deep beyond the gastroesophageal junction (at least 2 cm) to guarantee the success of POEM[16]. Re-POEM is technically challenging due to the presence of post-POEM interlayer adhesions and fibrosis and is usually performed using a new submucosal tunnel in a relatively unobstructed area to avoid contact with the previous procedure site. The presence of severe esophageal interlayer adhesions impede the establishment of a new submucosal tunnel. In 2014, our team introduced a novel, modified procedure, entitled POEM-SSMD, to address severe interlayer adhesions[10]. As a result of the procedure, the long-term symptom relief rate was 83% with controllable adverse events for patients with achalasia and severe interlayer adhesions[13]. Interlayer adhesions are more common in patients with recurrent achalasia who underwent initial POEM than in patients with untreated achalasia. Re-POEM-SSMD can be performed in the scar area of an earlier myotomy site without considering the adhesions or fibrosis from the previous operation, which makes it easier for the endoscopist to select the preferred direction of the myotomy. Based on our data, Re-POEM-SSMD had a comparable clinical success rate of 85.7% and could serve as an effective salvage option when conventional endoscopic procedures are impeded by severe interlayer adhesions caused by previous POEM procedures.
The orientation selection of Re-POEM and whether to use SSMD operation depends on the preference of the endoscopists and their own technical levels. Before retreatment, mucosal inflammation and submucosal fibrosis of the esophagus are classified to determine the degree of adhesion[20]. If the initial operative region has obvious adhesions and the rest of esophagus has no or mild adhesions, another tunnel can be created at the contralateral esophagus to improve the success rate of Re-POEM. If the esophagus has severe and extensive adhesions and performing SSMD is necessary, the endoscopist can choose to create a tunnel at the original procedure site, which usually means a relatively comfortable operative orientation and may help to improve the technical success rate.
In the Re-POEM-SSMD group, due to the presence of post-POEM adhesions and fibrosis, the submucosa and muscle layer are cut simultaneously from the adhesion site with aborted intended termination point of the submucosal tunnel, leading to a shorter submucosal tunnel than that created in conventional RE-POEM procedures.
The incidence of major adverse events such as vital-sign instability and intensive care unit stay ranged between 2% and 4% in the published literature[21-23]. No major adverse events were recorded in both groups of our study. A rupture in the mucosa may compromise its integrity and lead to esophageal leakage and secondary infection, which should be managed appropriately once identified. One mucosal injury in the Re-POEM-SSMD group was successfully managed with secure closure and sufficient drainage without the need for surgical repair. The incision made at the tunnel entry site in the mucosa should be tightly clipped after myotomy. CO2 should be used as the insufflation gas and a lower flow should be used sparingly once the creation of the submucosal tunnel or SSMD is started. In our study, two cases of pneumoperitoneum in the Re-POEM group were recorded but no apparent clinical consequence occurred during later follow-up. It should be noted that Re-POEM-SSMD should be performed by endoscopists with sufficient experience in therapeutic endoscopy and after preparation for all contingencies.
Gastroesophageal reflux and Barrett’s esophagus are usually considered long-term major concerns after POEM with no antireflux procedure[15]. Our study showed that fewer cases of symptomatic reflux occurred in the Re-POEM-SSMD group than in the Re-POEM group. Re-POEM-SSMD was more likely to be performed in the earlier myotomy site, while Re-POEM was usually performed in the opposite direction with a new myotomy site. Therefore, in Re-POEM-SSMD, less damage to the muscular layer may be responsible for less symptomatic reflux. Nevertheless, follow-up EGD showed no difference in postretreatment LES pressure or incidence of esophagitis between the two groups. Therefore, the results should be interpreted with caution and effectiveness of Re-POEM-SSMD in reducing reflux must be verified in prospective studies with large samples.
There are several limitations to the current study. For instance, a small sample of patients were classified into two groups, so a subgroup analysis of the Ling classification could not be performed. Moreover, the retrospective nature of the study and variable duration of follow-up were also limitations. There was also a potential for patient selection bias.

CONCLUSION
In conclusion, Re-POEM-SSMD appears to be a safe and effective salvage option for recurrent achalasia with adhesions or fibrosis caused by previous POEM procedures, thereby broadening the applicability of Re-POEM to patients after failed POEM. We are awaiting the results of the RCT and long-term follow-up.

ARTICLE HIGHLIGHTS
Research background
For recurrent achalasia after initial peroral endoscopic myotomy (POEM) failure, repeat POEM (Re-POEM) has been reported as a treatment option.

Research motivation
Interlayer adhesions caused by previous POEM procedures are common, which could impede the establishment of a submucosal tunnel and even lead to aborted Re-POEM procedures.

Research objectives
This study aimed to evaluate the efficacy and safety of Re-POEM with simultaneous submucosal and muscle dissection (Re-POEM-SSMD) as a salvage therapy for recurrent achalasia with severe esophageal interlayer adhesions after prior failed POEM procedures.

Research methods
Patients diagnosed with recurrent achalasia who underwent Re-POEM or Re-POEM-SSMD in our center were retrospectively analyzed in terms of clinical efficacy, incidence of procedure-related adverse events and reflux complications.

Research results
Clinical success (Eckardt score ≤ 3) was achieved in 8 (88.9%) patients after Re-POEM and 6 (85.7%) patients after Re-POEM-SSMD (P = 0.849). No severe adverse events were recorded in both groups.

Research conclusions
Re-POEM-SSMD could serve as a safe and effective salvage therapy for recurrent achalasia with severe interlayer adhesions.

Research perspectives
Further studies in large-scale patient population and prospective studies are required to verify the efficacy and safety of Re-POEM-SSMD in the management of patients after failed POEM. Further evaluation of the validity of Re-POEM-SSMD in reducing reflux is also awaited.
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Figure Legends
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Figure 1 Repeat peroral endoscopic myotomy with simultaneous submucosal and muscle dissection in a 28-year-old woman with recurrence of symptoms after previous peroral endoscopic myotomy. A: Radiographic image showing the difficulty of barium to pass through the pipe into the stomach; B: The mucosal scar of previous peroral endoscopic myotomy; C: Reverse T incision of submucosal entry near the scarred area; D: Construction of the submucosal tunnel; E: Obvious submucosal fibrosis disconnected by electrocoagulation forceps; F: simultaneous submucosal and muscle dissection started from the muscular scar; G: Full-thickness myotomy of the esophagus; H: Exact hemostasis using hemostatic forceps; I: Closure of the mucosal entry point with metal clips.
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Figure 2 Eckardt score changes in patients with recurrent achalasia. POEM: Peroral endoscopic myotomy; Re-POEM: Repeat peroral endoscopic myotomy; Re-POEM-SSMD: Repeat peroral endoscopic myotomy with simultaneous submucosal and muscle dissection.
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Figure 3 Lower esophageal sphincter pressure changes in patients with recurrent achalasia. Re-POEM: Repeat peroral endoscopic myotomy; Re-POEM-SSMD: Repeat peroral endoscopic myotomy with simultaneous submucosal and muscle dissection.


Table 1 Demography and clinical profile of patients with recurrent achalasia after initial peroral endoscopic myotomy
	
	Total (n = 16)
	Re-POEM (n = 9)
	Re-POEM-SSMD (n = 7)
	P value

	Age, mean ± SD, yr
	43.4 ± 16.3
	43.0 ± 15.4
	43.86 ± 18.7
	0.916

	Male, n (%)
	9 (56.3)
	4 (44.4)
	5 (71.4)
	0.008

	[bookmark: OLE_LINK1]Duration of dysphagia, median (range), mo
	86.5 (16-420)
	92 (16-147)
	24 (16-420)
	0.751

	Time symptoms recurred after initial POEM, median (range), mo
	15.5 (0-92)
	12 (0-92)
	7.5 (0-50)
	0.414

	Interval between initial POEM and Re-POEM, median (range), mo
	45.5 (4-95)
	64 (14-95)
	9 (4-60)
	0.013

	Achalasia endoscopy type, n (%)
	
	
	
	

	Ling I
	2 (12.5)
	2 (22.2)
	0 (0)
	

	Ling IIa
	5 (31.3)
	3 (33.3)
	2 (28.6)
	

	Ling IIb
	1 (6.3)
	0 (0)
	1 (14.3)
	

	Ling IIc
	5 (31.3)
	3 (33.3)
	2 (28.6)
	

	Ling IIIr
	3 (18.8)
	1 (11.1)
	2 (28.6)
	


The values are expressed as mean ± SD or medians (range) for quantitative data, and n (%) for categorical data. SD: Standard deviation; POEM: Peroral endoscopic myotomy; Re-POEM: Repeat peroral endoscopic myotomy; Re-POEM-SSMD: Repeat peroral endoscopic myotomy with simultaneous submucosal and muscle dissection.


Table 2 Operation information and treatment outcomes of patients with recurrent achalasia after initial peroral endoscopic myotomy
	
	Re-POEM (n = 9)
	Re-POEM-SSMD (n = 7)
	P value

	Operation parameters
	
	
	

	Operative time, mean ± SD, min
	39.22 ± 15.19
	47.86 ± 9.71
	0.414

	Submucosal tunnel length, median (range), cm
	9 (7-13)
	5 (4-12)
	0.012

	Myotomy length, median (range), cm
	6 (4.5-11)
	6 (4-11)
	1.000

	Postoperative hospital stay, mean ± SD, d
	6.0 ± 1.7
	7.1 ± 1.3
	0.454

	Adverse events, n
	
	
	

	Mucosal injury
	0
	1
	

	Subcutaneous emphysema
	0
	0
	

	Pneumothorax
	0
	0
	

	Pneumoperitoneum
	2
	0
	

	Tunnel infection
	0
	0
	

	Clinical success during follow-up, n (%)
	8 (88.9)
	6 (85.7)
	0.849

	Eckardt score, median (range)
	
	
	

	Pre-POEM
	6 (2-8)
	5 (2-8)
	0.892

	Preretreatment
	4 (3–8)
	5 (2-8)
	0.425

	Postretreatment
	1 (0-5)
	2 (0-4)
	0.416

	Lower esophageal sphincter pressure, mean ± SD, mmHg
	
	
	

	Preretreatment
	23.78 ± 9.04
	26.80 ± 7.48
	0.489

	Postretreatment
	11.45 ± 5.37
	11.05 ± 4.38
	0.872

	Reflux complications
	
	
	

	Symptomatic reflux, n (%)
	6 (66.7)
	0 (0)
	0.001

	Reflux esophagitis, n (%)
	6 (66.7)
	3 (42.9)
	0.100


SD: Standard deviation; POEM: Peroral endoscopic myotomy; Re-POEM: Repeat peroral endoscopic myotomy; Re-POEM-SSMD: Repeat peroral endoscopic myotomy with simultaneous submucosal and muscle dissection.
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