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Abstract

:

Introduction: Achalasia following bariatric surgery is a rare phenomenon with diverse potential physiopathological origins. Aims: This article aims to explore the hypothetical physiopathological connection between bariatric surgery and the subsequent onset of achalasia. Material and Methods: A review was conducted to identify studies reporting cases of peroral endoscopic myotomy (POEM) after bariatric procedures and detailing the outcomes in terms of the technical and clinical success. Additionally, a case of a successful POEM performed on a patient two years after undergoing laparoscopic sleeve gastrectomy (LSG) is presented. Results: The selection criteria yielded eight studies encompassing 40 patients treated with POEM for achalasia after bariatric surgery: 34 after Roux-en-Y gastric bypass (RYGB) and 6 after LSG. The studies reported an overall technical success rate of 97.5%, with clinical success achieved in 85% of cases. Adverse events were minimal, with only one case of esophageal leak treated endoscopically. However, a postprocedural symptomatic evaluation was notably lacking in most of the included studies. Conclusions: Achalasia poses a considerable challenge within the bariatric surgery population. POEM has emerged as a technically viable and safe intervention for this patient demographic, providing an effective treatment option where surgical alternatives for achalasia are limited. Our findings highlight the promising outcomes of POEM in these patients, but the existing data remain limited. Hence, prospective studies are needed to elucidate the optimal pre-surgical assessment and timing of endoscopic procedures for optimizing outcomes.
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1. Background


Achalasia is a rare chronic 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. The key pathophysiological mechanism is the loss of inhibitory nerve function that probably results from an autoimmune attack targeting the esophageal myenteric nerves through cell-mediated and, possibly, antibody-mediated mechanisms. Epidemiologic studies have underlined that morbidly obese patients are more prone to developing esophageal motility disorders such as achalasia, compared with the general population, with approximately 50% of obese patients in one prospective cohort study demonstrating dysmotility on the esophageal manometry [1,2,3].



Moreover, several reports have described achalasia in patients who undergo bariatric surgery, hypothesizing that it could be due to the mechanical effect of gastric banding, neurological damage during the surgical procedure, or an endocrinological alteration due to modified gastric secretions [4,5,6]. Traditional therapies for achalasia include pneumatic dilation, endoscopic injection of botulinum toxin, and laparoscopic Heller myotomy (LHM). POEM has more recently emerged as a safe and effective treatment modality for achalasia and can, furthermore, be successfully performed in patients who have had prior endoscopic or surgical interventions [7,8,9]. Randomized trials and meta-analyses have shown that its efficacy is superior to that of pneumatic dilation and comparable to the traditional gold-standard surgical approach represented by LHM, with an outstanding safety profile [10,11,12]; higher post-operative reflux rates seem to be associated with POEM over LHM [13]. POEM has consequently been proposed as a first-line option over LHM for patients with previous abdominal surgery or obesity, which may lead to higher peri- and post-operative risk [14]. Although most of the data accumulated have been on treatment-naïve patients or patients with a previous pneumatic dilation, over the last years, POEM has also been successfully performed in patients with previous LHM, confirming its feasibility even in a surgically altered gastroesophageal junction (GEJ).



However, some concerns have been raised about the technical feasibility of POEM in post-bariatric patients: surgical sutures may be found in the dissection plane (especially on the gastric side after LSG) [15]. RYGB and LSG are both procedures that may cause an adherence formation near the GEJ, making submucosal tunneling challenging, and, moreover, the reduced gastric lumen may hamper tunneling into the gastric side.



The number of people undergoing bariatric procedures is constantly increasing, so the rates of patients that may develop achalasia and be subsequently treated with POEM is thought to increase as well. Data are, however, scarce and mostly limited to case reports or small series, some of which obtained conflicting results.



Given the two different cases of POEM performed in our unit after bariatric surgery [16] and to address the need for further knowledge about the efficacy and safety of a POEM after bariatric surgery, we aimed to review the available literature on the subject.




2. Materials and Methods


A literature review was performed to identify studies reporting on POEM after bariatric procedures. The search was conducted on PUBMED/Medline, EMBASE and Scopus databases using a combination of the following medical terms: “achalasia”, “POEM”, “endoscopic myotomy”, “bariatric”, “sleeve” and “gastric bypass”. All studies published from inception to July 2023 were screened by title and abstracts and considered for eligibility. References of review articles were also hand-searched. Eligibility criteria included endoscopic treatment of achalasia after bariatric surgery and reporting on outcomes of technical and clinical success after POEM. Exclusion criteria were POEM performed for non-achalasia motility disorder, co-performance of POEM and bariatric procedure, surgical treatment and review or editorial articles. In case of any suspicion of cohort overlap, the most recent study was included.



Data regarding demographic, clinical and procedural variables (sex, age, bariatric intervention, time of achalasia development after surgery, manometric subtype) were extracted from all studies included and reported in a standardized Excel database. Endpoints of interest were technical success, clinical success, adverse events, postprocedural reflux and PPI use. Statistical analysis was limited to descriptive analysis (frequencies and percentages; mean, median and standard deviations and ranges). Pooled analysis was not performed due to the paucity of the population included.



Additionally, a case of a successful POEM performed in our Institute on a female patient diagnosed with achalasia 2 years after LSG is presented.




3. Case Report


A 42-year-old woman was referred by the bariatric surgeons to our gastroenterology clinic for dysphagia, regurgitation, chest pain and weight loss of 10 kg (BMI 24.1), with an Eckardt score of 9. She had undergone LSG 26 months earlier (BMI 41.4), and symptoms started nearly 1 year after surgery, with dysphagia worsening after a successful childbirth. A timed barium esophageal X-ray was initially performed, showing a dilated esophagus with esophageal contrast stasis. No issues related to the previous bariatric surgery were found (Figure 1). The upper endoscopy confirmed esophageal dilation with food stasis, while the gastric sleeve was regular. High-resolution manometry confirmed a type II achalasia with an LES-integrated relaxation pressure (IRP) of 39.3 mmHg (Figure 2). POEM was planned and performed according to our protocol (Figure 3 and Figure 4). Technical success was achieved, and anterior myotomy was performed without issues, although distal tunneling inside the gastric side was technically difficult because of increased submucosal fibrosis, likely related to postsurgical alterations. No adverse procedural events occurred. The post-operative course was uneventful, a soft oral diet was started after 24 h, and the patient was discharged the day after the procedure. At her first follow-up visit after three months from the procedure, the patient underwent upper gastrointestinal endoscopy and pH-metry, which showed grade A esophagitis with a normal acid exposure time: 0.8% (Demeester Score: 2). The high-resolution manometry showed a normal LES-IRP after POEM (7.4 mmHg). The patient reported a complete resolution of dysphagia and chest pain (Eckardt score of 0) with a weight regain of 4 kg and only complained of mild reflux symptoms, which were controlled with mild proton-pump inhibitor therapy (omeprazole 20 mg). The patient has currently undergone 20 months of follow-up, with no recurrence of dysphagia or reflux-induced symptoms.




4. Results


A total of nine articles, including a total of 40 patients who developed achalasia after bariatric surgery resulted from the literature research. One article was excluded because follow-up data were not reported. Eight articles were included in the final analysis. The studies were published between 2014 and 2023. Seven studies were performed in the United States, with only one European report; four studies were single-patient case reports. Six studies were single-center-based, two were multi-centric; all studies had a retrospective design. Studies and patient characteristics are summarized in Table 1.



Two studies (Bashir et al. [20] and Craft et al. [21]) included patients with post-bariatric-surgery achalasia treated with different procedures. In these cases, only POEM cases were evaluated in these series [20,21]. Moreover, Bashir et al. included a total of six patients with achalasia prior to and following RYGB, but two of these had achalasia prior to RYGB and were not evaluated in our review [20]. In the Craft et al. series, 9 of 13 patients were diagnosed with achalasia after bariatric surgery and of these, only one was treated with POEM [21].



The eight articles included the reported outcomes of 40 patients treated with POEM for achalasia after bariatric surgery (34 RYGB, 6 LSG) [15,17,18,20,21,22,23]. In the case reported by Donatelli et al., POEM was performed in a female patient with prior multiple bariatric surgical procedures: a laparoscopic lap band, followed by LSG and, finally, by RYGB [22]. In the total population, 9/39 (23%) were men (one study did not specify the sex of the patient included); the mean age was 54.8 years (±8.85 years). The mean time from bariatric surgery to POEM was 8.86 ± 2.66 years (reported in eight studies). The mean follow-up time was 35.5 ± 27.5 months. According to the current Chicago classification, 12 patients (30%) had type I, 19 patients (47.5%) had type II and 9 patients (22.5%) had type III manometric sub-type of achalasia. The pre-POEM mean IRP was 25.4 ± 1.2 mm Hg (four studies did not specify the value), whereas the post-POEM IRP value was missing in all the studies reported. The pre-POEM mean Eckardt score was 6.91 ± 1.79 and the post-POEM Eckardt score was 1.6 ± 1.4 (two studies did not specify the data). Twenty patients (50%) had undergone previous therapies for achalasia, namely, three (7.5%) had undergone a prior Heller myotomy, nine (22.5%) had undergone a botulinum toxin injection and nine (22.5%) patients had undergone pneumatic dilation (in the Kolb et al. series, one patient had undergone both botulinum toxin injection and Heller myotomy). Overall, there were 20 (50%) naïve patients, with no previous treatment for achalasia. Technical success was achieved in 39 cases (97.5%), and the only technical failure was reported in the study by Bomman et al. [23], where one patient had an esophageal leak that was managed endoscopically. Clinical success was reported in 34 patients (85%). Recurrence of symptoms was reported in one patient with type III achalasia in the series by Bashir et al. [20]; the only patient evaluated in the study by Crafts et al. [21] underwent pneumatic dilatation after POEM, and should therefore be considered a clinical failure of POEM; in the study by Kolb et al. [15], out of six patients, the authors reported that one had recurrent candida esophagitis, whereas another had relapsing achalasia symptoms. Despite Bomman et al. [23] declaring a clinical success rate of 93.8% [15,16], with one patient undergoing pneumatic dilation after POEM, symptoms recurred in two patients (3 months and 12 months after POEM), and they were both considered a clinical failure in our analysis. In all the studies, there were no severe adverse events reported, with the only one being one esophageal leak [23], which also resulted in a technical failure. A postprocedural symptomatic evaluation was lacking in almost all of the studies included in this review. The study by Kolb et al. specified that two out of the three patients with prior LSG had LA grade A/B reflux esophagitis, while in the third patient, candida esophagitis was described. In the study by Bomman et al., 5/16 patients complained of reflux symptoms after POEM [15]. None of the included studies reported if patients were placed on PPI therapy after POEM.




5. Discussion


5.1. Achalasia Developing after Bariatric Surgery: A Link to the Pathogenesis?


The incidence of obesity in the general population is increasing, and according to recent estimates, the prevalence in the US may be near 40% of the adult population [24]. The number of patients with morbid obesity who undergo bariatric surgery is therefore set to steadily increase over the next decades, having already doubled over the last 10 years [24].



Esophageal motor disorders are not common in the general population, although an increasing trend is reported: recent epidemiological studies have shown that the prevalence of achalasia in the general population may be around 3 per 10,000, with an incidence near 3 per 100,000 per year [25,26]. These figures nearly double previous incidence estimates [27]. Whether this increase is related to the widespread diffusion of high-resolution manometry, improved case collection, or an actually increasing incidence is still under debate.



There is a robust body of evidence that suggests that the incidence of such disorders may be higher in obese patients [3]. Several factors may contribute to this process. Mechanically, an increased abdominal pressure may represent an obstacle to bolus progression into the abdominal cavity; moreover, it can facilitate gastroesophageal reflux, whose incidence is known to be higher in obese patients. Gastroesophageal reflux is a known risk factor for esophageal dysmotility, with cases directly progressing to achalasia also described [28]. Leptins have been hypothesized to play a role as a hormonal factor. Leptin is a hormone derived from adipose tissue that acts by modulating appetite and energy control. Its plasmatic concentration is thought to be altered in obese patients, tending to higher levels [29]. Studies have shown that it may decrease gastric and intestinal motility [30]. Schrumpf et al. hypothesized a possible hormonal effect caused by the postprandial gastrin decrease with a consequent significant rise in the LES resting pressure [5].



Peristalsis and LES opening are two esophageal physiologically crucial steps that are both mediated by vagal fibers, so it is logical to believe that the dysfunction of one of them may play a role in esophageal motility disorders. In the past century, surgical vagotomy has been examined as a model for achalasia in animals: an achalasia-like syndrome was obtained in dogs after electrolytic lesions of the medulla and bilateral vagotomy [31]. Manometric and histologic findings were, however, different from those observed in achalasia. Another investigation of the effects of cervical vagotomy in primates showed that only two of seven monkeys developed a radiographic and manometric presentation consistent with achalasia [32]. Interestingly, the majority of animals demonstrated a reduction in the number of esophageal myenteric ganglion cells. Transection or cooling of the vagus nerve has also been shown to abolish primary peristalsis but leave secondary peristaltic function intact in the opossum [33,34].



A neuropathic dysfunction due to direct iatrogenic vagal nerve damage or surgical trauma has been suggested as a pathogenic factor of achalasia by some authors, with consequent development of new or worsening of previous asymptomatic motility disorders [35,36]. Data have been published on achalasia development after gastroesophageal anti-reflux surgery, mostly fundoplications, although most publications are single-case reports, so the paucity of observations cannot assure the replicability of these findings [37,38]. It is a recent observation that people undergoing bariatric surgery may have a higher likelihood of developing esophageal motor disorders. According to a recent study, over a median of 5.84 years after bariatric surgery, out of 97 patients who underwent esophageal high-resolution manometry (indication in nearly 50% was dysphagia), achalasia was found in 7 (7.2%) [39]; in the control group of 40 pre-bariatric patients, no cases of achalasia were found. This is a remarkable finding, even considering that selection bias may have occurred: when correcting the analysis based on the average observed annual bariatric surgery volume (640 patients), the estimated incidence of post-bariatric surgery achalasia would be around 0.16%, nearly 100 times that of the general population.



Pseudo-achalasia occurring secondarily to gastric banding placement has been extensively reported, with a rather logical explanation that the banding placement acts as a factual gastroesophageal obstruction [40]. More recently, an increasing number of achalasia cases have been described after RYGB [36,41,42]. The first pathogenic mechanism underlying achalasia development may be the direct disruption of vagal fibers. Although surgical maneuvers when performing RYGB or LSG should not involve the gastroesophageal junction, inadvertent transection of vagal branches may still occur, in particular if a hiatal hernia is present and reduced. Another mechanism sees intra-abdominal pressure playing the trigger role: it is known that in non-operated obese patients, increased abdominal pressure may facilitate gastroesophageal reflux, as well as hamper bolus progression into the abdominal cavity. A possibly stronger obstruction may result after lumen-restricting bariatric procedures such as RYGB or LSG. In this setting, the presence of a functional gastroesophageal outflow obstruction, if accompanied by an ineffective body motility, may explain the development of achalasia. A recent paper by Miller et al. provides a fresh interpretation of esophageal dysfunction after bariatric surgery, which sees the functional gastroesophageal outflow obstruction playing a crucial role [39]. It has been postulated that a unique achalasia-like pattern may develop after the bariatric anatomic alteration, which the authors termed post-obesity surgery esophageal dysfunction (POSED). POSED was defined by the coexistence of normal IRP, elevated intragastric pressure (defined as 30 mmHg when not accompanied by a simultaneous elevation in intrathoracic pressure), and complete aperistalsis of the esophagus. In the study, this unique manometric abnormality was found in as much as 5.2% of the population.



Previous studies have suggested that the loss of esophageal body function in achalasia may be a result (secondary aperistalsis) of the gastroesophageal outflow obstruction of a nonrelaxing lower esophageal sphincter [43]. In line with this observation, our novel hypothesis is that the distal functional obstruction typical of POSED may represent the initial trigger of a secondary aperistalsis, which eventually leads to the progressive neuromuscular degeneration that is typical of primary achalasia.




5.2. POEM in Post-Bariatric Patients


POEM is a promising treatment modality for the management of patients with achalasia. Recent studies have reported excellent short-term outcomes in patients with achalasia who were treated with POEM, although data regarding the long-term outcomes for esophageal motility disorders in post-bariatric patients are limited. This is a technical challenge for most endoscopists, even in tertiary centers for third-space endoscopy. There is still little and weak evidence given the small number of cases of such a rare disorder and the growing experience in this field. International data and clinical practice have evidenced that the POEM procedure can be performed with optimal technical and clinical success rates despite initial concerns and debates on its feasibility.



Altered anatomies and GEJ function, fibrosis and a lack of gastric space could interfere with the creation of submucosal tunneling and subsequent myotomy, making the endoscopic procedure more difficult and insidious than the ordinary [36].



Surgery, on the contrary, is hampered by a high risk of complication and technical failure because of adhesions and anatomy alterations. It must also be underlined that the advantage of combining treatment with an anti-reflux procedure during LHM is lost, since fundoplication is not feasible after bariatric surgery [44,45]. In the studies we analyzed, the POEM procedure in patients with previous bariatric surgery was not deemed technically more challenging than that performed in patients without prior RYGB or LSG, and, in agreement with previous reports, it seems to be feasible, effective and safe in patients with prior bariatric surgery [15,19,23]. Our group recently reported the first outcomes of POEM for achalasia after a vertical banded gastroplasty, which showed technical and clinical success with single-dose PPI-controlled gastro-esophageal reflux disease (GERD) at the following visits [16]. In this review, we report the other case performed at our institute.



Given the technical and clinical drawbacks associated with surgery and the promising evidence in favor of POEM, the endoscopic approach can become the procedure of choice for these patients. The principal limitations of the current literature and of our narrative review are the small number of reports and the possible background selection bias related to the heterogeneity of the included studies and methodological quality. Patients were treated in different centers with diverse expertise and endoscopic/surgical skills. The lack of follow-up data in addition to the paucity of manometric patterns, pH study data, and Eckardt score evaluations are other limitations, especially regarding postprocedural GERD findings. Post-POEM GERD has been reported in 31%–58% of cases in general conditions, with a slight decrease over time and with a good response to oral treatment with PPI [46,47]. Post-bariatric patients may be at a higher risk of GERD and its complications given the more significant GEJ alterations. In our review, clinical data, based on patients’ symptoms of reflux, seem to resemble standard post-POEM experiences, but further data are necessary in order to draw a conclusion.



Moreover, because of the rarity of this condition, it is challenging to perform a large prospective study to compare surgical and endoscopic procedures. It is likely that because of the increasing number of morbidly obese patients and concomitant worldwide growth in weight-loss procedures, the number of these patients will increase in the future.





6. Conclusions


POEM appears to be safe and effective in treating patients with achalasia who have undergone prior bariatric surgery (RYGB and LSG). With recent emerging evidence of the increased prevalence of achalasia and other major esophageal dysmotility disorders as a time-dependent complication of bariatric surgery, POEM may be a suitable treatment option for these patients in scenarios where surgical options are limited.



Moreover, further clinical pre-bariatric evaluations should be considered in order to identify pre-existing esophageal motility disorders early in obese patients. Available data are promising but still poor; therefore, prospective studies with larger sample sizes, homogeneous variables such as technical and clinical success, postprocedural recurrence and GERD with a longer follow-up are needed to confirm existing evidence.







Author Contributions


Conceptualization, R.M., M.F., C.H. and A.R.; writing—original draft preparation, R.M., M.F. and G.P.; writing—review and editing, F.D.B., R.d.S. and D.M.; visualization, C.H., P.A.G. and M.T.; supervision, A.C. and A.R. All authors have read and agreed to the published version of the manuscript.




Funding


This research received no external funding.




Institutional Review Board Statement


Not applicable.




Informed Consent Statement


Written informed consent has been obtained from the patient to publish this paper.




Data Availability Statement


Not applicable.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Fisichella, P.M.; Orthopoulos, G.; Holmstrom, A.; Patti, M.G. The surgical management of achalasia in the morbid obese patient. J. Gastrointest. Surg. 2015, 19, 1139–1143. [Google Scholar] [CrossRef] [PubMed]

	



Jafn, B.W.; Knoepfmacher, P.; Greenstein, R. High prevalence of asymptomatic esophageal motility disorders among morbidly obese patients. Obes. Surg. 1999, 9, 390–395. [Google Scholar] [CrossRef]

	



Côté-Daigneault, J.; Leclerc, P.; Joubert, J.; Bouin, M. High prevalence of esophageal dysmotility in asymptomatic obese patients. Can. J. Gastroenterol. Hepatol. 2014, 28, 311–314. [Google Scholar] [CrossRef] [PubMed]

	



Robert, M.; Golse, N.; Espalieu, P.; Poncet, G.; Mion, F.; Roman, S.; Gouillat, C. Achalasia-like disorder after laparoscopic adjustable gastric banding: A reversible side effect? Obes. Surg. 2012, 22, 704–711. [Google Scholar] [CrossRef] [PubMed]

	



Schrumpf, E.; Giercksky, K.E.; Nygaard, K. Gastrin secretion before and after gastric bypass surgery for morbid obesity. Scand. J. Gastroenterol. 1981, 16, 721–725. [Google Scholar] [CrossRef]

	



Boules, M.; Corcelles, R.; Zelisko, A.; Batayyah, E.; Froylich, D.; Rodriguez, J.; Kroh, M. Achalasia after bariatric surgery. J. Laparoendosc. Adv. Surg. Tech. A 2016, 26, 428–432. [Google Scholar] [CrossRef]

	



Inoue, H.; Sato, H.; Ikeda, H.; Onimaru, M.; Sato, C.; Minami, H.; Yokomichi, H.; Kobayashi, Y.; Grimes, K.L.; Kudo, S.E. Per-Oral Endoscopic Myotomy: A Series of 500 Patients. J. Am. Coll. Surg. 2015, 221, 256–264. [Google Scholar] [CrossRef]

	



Crespin, O.M.; Liu, L.W.C.; Parmar, A.; Jackson, T.D.; Hamid, J.; Shlomovitz, E.; Okrainec, A. Safety and efficacy of POEM for treatment of achalasia: A systematic review of the literature. Surg. Endosc. 2017, 31, 2187–2201. [Google Scholar] [CrossRef]

	



Shiwaku, H.; Inoue, H.; Sato, H.; Onimaru, M.; Minami, H.; Tanaka, S.; Sato, C.; Ogawa, R.; Okushima, N.; Yokomichi, H. Peroral endoscopic myotomy for achalasia: A prospective multicenter study in Japan. Gastrointest. Endosc. 2020, 91, 1037–1044. [Google Scholar] [CrossRef]

	



Ponds, F.A.; Fockens, P.; Lei, A.; Neuhaus, H.; Beyna, T.; Kandler, J.; Frieling, T.; Chiu, P.W.Y.; Wu, J.C.Y.; Wong, V.W.Y.; et al. Effect of Peroral Endoscopic Myotomy vs Pneumatic Dilation on Symptom Severity and Treatment Outcomes Among Treatment-Naive Patients With Achalasia: A Randomized Clinical Trial. JAMA 2019, 322, 134–144. [Google Scholar] [CrossRef]

	



Werner, Y.B.; Hakanson, B.; Martinek, J.; Repici, A.; von Rahden, B.H.A.; Bredenoord, A.J.; Bisschops, R.; Messmann, H.; Vollberg, M.C.; Noder, T.; et al. Endoscopic or Surgical Myotomy in Patients with Idiopathic Achalasia. N. Engl. J. Med. 2019, 381, 2219–2229. [Google Scholar] [CrossRef]

	



Mundre, P.; Black, C.J.; Mohammed, N.; Ford, A.C. Efficacy of surgical or endoscopic treatment of idiopathic achalasia: A systematic review and network meta-analysis. Lancet Gastroenterol. Hepatol. 2021, 6, 30–38. [Google Scholar] [CrossRef]

	



Repici, A.; Fuccio, L.; Maselli, R.; Mazza, F.; Correale, L.; Mandolesi, D.; Bellisario, C.; Sethi, A.; Khashab, M.A.; Rösch, T.; et al. GERD after per-oral endoscopic myotomy as compared with Heller’s myotomy with fundoplication: A systematic review with meta-analysis. Gastrointest. Endosc. 2018, 87, 934–943.e18. [Google Scholar] [CrossRef] [PubMed]

	



Oude Nijhuis, R.A.B.; Prins, L.I.; Mostafavi, N.; van Etten-Jamaludin, F.S.; Smout, A.J.P.M.; Bredenoord, A.J. Factors Associated With Achalasia Treatment Outcomes: Systematic Review and Meta-Analysis. Clin. Gastroenterol. Hepatol. 2020, 18, 1442–1453. [Google Scholar] [CrossRef] [PubMed]

	



Kolb, J.M.; Jonas, D.; Funari, M.P. Efficacy and safety of peroral endoscopic myotomy after prior sleeve gastrectomy and gastric bypass surgery. World J. Gastrointest. Endosc. 2020, 12, 532–541. [Google Scholar] [CrossRef] [PubMed]

	



Vespa, E.; Maselli, R.; Spadaccini, M.; Repici, A. Peroral endoscopic myotomy (POEM) for achalasia developing after vertical banded gastroplasty with asymptomatic gastro-gastric fistula. VideoGIE 2022, 7, 175–177. [Google Scholar] [CrossRef] [PubMed]

	



Yang, D.; Draganov, P.V. Peroral endoscopic myotomy (POEM) for achalasia after Roux-en-Y gastric bypass. Endoscopy 2014, 46 (Suppl. 1), E11–E12. [Google Scholar] [CrossRef]

	



Luo, R.B.; Montalvo, D.; Horgan, S. Peroral endoscopic myotomy after gastric bypass: An effective solution for de novo achalasia. Surg. Obes. Relat. Dis. 2017, 13, e1–e3. [Google Scholar] [CrossRef]

	



Sanaei, O.; Draganov, P.; Kunda, R.; Yang, D.; Khashab, M.A. Peroral endoscopic myotomy for the treatment of achalasia patients with roux-en-Y gastric bypass anatomy. Endoscopy 2019, 51, 342–345. [Google Scholar] [CrossRef]

	



Bashir, U.; El Abiad, R.; Gerke, H.; Keech, J.; Parekh, K.; Nau, P. Peroral Endoscopic Myotomy Is Feasible and Safe in a Gastric Bypass Population. Obes. Surg. 2019, 29, 3523–3526. [Google Scholar] [CrossRef]

	



Crafts, T.D.; Lyo, V.; Rajdev, P.; Wood, S.G. Treatment of achalasia in the bariatric surgery population: A systematic review and single-institution experience. Surg. Endosc. 2021, 35, 5203–5216. [Google Scholar] [CrossRef] [PubMed]

	



Donatelli, G.; Cereatti, F.; Soprani, A. Per Oral Endoscopic Myotomy for the Management of Achalasia in a Patient with Prior Lap Band, Sleeve Gastrectomy, and Roux-en-Y Gastric Bypass. Obes. Surg. 2021, 31, 2843–2844. [Google Scholar] [CrossRef] [PubMed]

	



Bomman, S.; Klair, J.S.; Ashat, M.; El Abiad, R.; Gerke, H.; Keech, J.; Parekh, K.; Nau, P.; Hanada, Y.; Wong Kee Song, L.M.; et al. Outcomes of peroral endoscopic myotomy in patients with achalasia and prior bariatric surgery: A multicenter experience. Dis. Esophagus 2021, 34, doab044. [Google Scholar] [CrossRef]

	



Hales, C.M.; Carroll, M.D.; Fryar, C.D.; Ogden, C.L. Prevalence of Obesity and Severe Obesity among Adults: United States, 2017–2018; NCHS Data Brief; National Center for Health Statistics: Atlanta, GA, USA, 2020. [Google Scholar]

	



Samo, S.; Carlson, D.A.; Gregory, D.L.; Gawel, S.H.; Pandolfino, J.E.; Kahrilas, P.J. Incidence and Prevalence of Achalasia in Central Chicago, 2004–2014, Since the Widespread Use of High-Resolution Manometry. Clin. Gastroenterol. Hepatol. 2017, 15, 366–373. [Google Scholar] [CrossRef]

	



Duffield, J.A.; Hamer, P.W.; Heddle, R.; Holloway, R.H.; Myers, J.C.; Thompson, S.K. Incidence of Achalasia in South Australia Based on Esophageal Manometry Findings. Clin. Gastroenterol. Hepatol. 2017, 15, 360–365. [Google Scholar] [CrossRef]

	



Sadowski, D.C.; Ackah, F.; Jiang, B.; Svenson, L.W. Achalasia: Incidence, prevalence and survival. A population-based study. Neurogastroenterol. Motil. 2010, 22, e256–e261. [Google Scholar] [CrossRef] [PubMed]

	



Király, A.; Illés, A.; Undi, S.; Varga, G.; Kalmár, K.; Horváth, P.O. Gastroesophageal reflux disease progressing to achalasia. Dis. Esophagus 2005, 18, 355–358. [Google Scholar] [CrossRef] [PubMed]

	



Caro, J.F.; Sinha, M.K.; Kolaczynski, J.W.; Zhang, P.L.; Considine, R.V. Leptin: The tale of an obesity gene. Diabetes 1996, 45, 1455–1462. [Google Scholar] [CrossRef]

	



Yarandi, S.S.; Hebbar, G.; Sauer, C.G. Diverse roles of leptin in the gastrointestinal tract: Modulation of motility, absorption, growth, and inflammation. Nutrition 2011, 27, 269–275. [Google Scholar] [CrossRef]

	



Higgs, B.; Kerr, F.W.; Ellis, F.H., Jr. The experimental production of esophageal achalasia by electrolytic lesions in the medulla. J. Thorac. Cardiovasc. Surg. 1965, 50, 613–625. [Google Scholar] [CrossRef]

	



Binder, H.J.; Bloom, D.L.; Stern, H.; Solitare, G.B.; Thayer, W.R.; Spiro, H.M. The effect of cervical vagectomy on esophageal function in the monkey. Surgery 1968, 64, 1075–1083. [Google Scholar] [PubMed]

	



Paterson, W.G.; Rattan, S.; Goyal, R.K. Experimental induction of isolated lower esophageal sphincter relaxation in anesthetized opossums. J. Clin. Investig. 1986, 77, 1187–1193. [Google Scholar] [CrossRef] [PubMed]

	



Kravitz, J.J.; Snape, W.J., Jr.; Cohen, S. Effect of thoracic vagotomy and vagal stimulation on esophageal function. Am. J. Physiol. 1978, 234, E359–E364. [Google Scholar] [CrossRef] [PubMed]

	



Shah, R.N.; Izanec, J.L.; Friedel, D.M. Achalasia presenting after operative and nonoperative trauma. Dig. Dis. Sci. 2004, 49, 1818–1821. [Google Scholar] [CrossRef]

	



Chapman, R.; Rotundo, A.; Carter, N. Laparoscopic Heller’s myotomy for achalasia after gastric bypass: A case report. Int. J. Surg. Case Rep. 2013, 4, 396–398. [Google Scholar] [CrossRef]

	



Stylopoulos, N.; Bunker, C.J.; Rattner, D.W. Development of achalasia secondary to laparoscopic Nissen fundoplication. J. Gastrointest. Surg. 2002, 6, 368–376. [Google Scholar] [CrossRef]

	



Poulin, E.C.; Diamant, N.E.; Kortan, P.; Seshadri, P.A.; Schlachta, C.M.; Mamazza, J. Achalasia developing years after surgery for reflux disease: Case reports, laparoscopic treatment, and review of achalasia syndromes following antireflux surgery. J. Gastrointest. Surg. 2000, 4, 626–631. [Google Scholar] [CrossRef]

	



Miller, A.T.; Matar, R.; Abu Dayyeh, B.K.; Beran, A.; Vela, M.F.; Lacy, B.E.; Crowell, M.D.; Geno, D.M.; Lavey, C.J.; Katzka, D.A.; et al. Postobesity Surgery Esophageal Dysfunction: A Combined Cross-Sectional Prevalence Study and Retrospective Analysis. Am. J. Gastroenterol. 2020, 115, 1669–1680. [Google Scholar] [CrossRef]

	



Khan, A.; Ren-Fielding, C.; Traube, M. Potentially reversible pseudoachalasia after laparoscopic adjustable gastric banding. J. Clin. Gastroenterol. 2011, 45, 775–779. [Google Scholar] [CrossRef]

	



Ramos, A.C.; Murakami, A.; Lanzarini, E.G.; Neto, M.G.; Galvão, M. Achalasia and laparoscopic gastric bypass. Surg. Obes. Relat. Dis. 2009, 5, 132–134. [Google Scholar] [CrossRef]

	



Torghabeh, M.H.; Afaneh, C.; Saif, T.; Dakin, G.F. Achalasia 5 years following Roux-en-y gastric bypass. J. Minim. Access Surg. 2015, 11, 203–204. [Google Scholar] [CrossRef] [PubMed]

	



Schneider, J.H.; Küper, M.; Königsrainer, A.; Brücher, B. Transient lower esophageal sphincter relaxation in morbid obesity. Obes. Surg. 2009, 19, 595–600. [Google Scholar] [CrossRef] [PubMed]

	



Aiolfi, A.; Tornese, S.; Bonitta, G.; Rausa, E.; Micheletto, G.; Bona, D. Management of Esophageal Achalasia after Roux-en-Y Gastric Bypass: Narrative Review of the Literature. Obes. Surg. 2019, 29, 1632–1637. [Google Scholar] [CrossRef]

	



Andolfi, C.; Fisichella, P.M. Laparoscopic Heller Myotomy and Dor Fundoplication for Esophageal Achalasia: Technique and Perioperative Management. J. Laparoendosc. Adv. Surg. Tech. A 2016, 26, 916–920. [Google Scholar] [CrossRef] [PubMed]

	



Sanaka, M.R.; Thota, P.N.; Parikh, M.P. Peroral endoscopic myotomy leads to higher rates of abnormal esophageal acid exposure than laparoscopic Heller myotomy in achalasia. Surg. Endosc. 2019, 33, 2284–2292. [Google Scholar] [CrossRef] [PubMed]

	



Kumbhari, V.; Familiari, P.; Bjerregaard, N.C. Gastroesophageal reflux after peroral endoscopic myotomy: A multicenter case-control study. Endoscopy 2017, 49, 634–642. [Google Scholar] [CrossRef]








[image: Diagnostics 13 03311 g001] 





Figure 1. Barium esophageal X-ray showing marked esophageal dilation and contrast stasis suggestive of achalasia. Gastric sleeve appears regular. 






Figure 1. Barium esophageal X-ray showing marked esophageal dilation and contrast stasis suggestive of achalasia. Gastric sleeve appears regular.



[image: Diagnostics 13 03311 g001]







[image: Diagnostics 13 03311 g002] 





Figure 2. High-resolution manometry showing increased IRP with failed swallow-induced peristalsis and pan-esophageal pressurization; suggestive of type II Achalasia diagnosis. 






Figure 2. High-resolution manometry showing increased IRP with failed swallow-induced peristalsis and pan-esophageal pressurization; suggestive of type II Achalasia diagnosis.



[image: Diagnostics 13 03311 g002]







[image: Diagnostics 13 03311 g003] 





Figure 3. POEM: Submucosal tunneling step. 
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Figure 4. POEM: Myotomy phase of the procedure. 
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Table 1. Study characteristics. POEM: peroral endoscopic myotomy; Pts: patients; BMI: body mass index; F.U.: follow-up; AEs: adverse events; RYGB: roux-en-y gastric bypass; ORYBG: open roux-en-y gastric bypass; LRYGB: laparoscopic roux-en-y gastric bypass; LGB: laparoscopic gastric banding; SG: sleeve gastrectomy.
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Pts
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[SD]

	
BMI [SD]
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Post-POEM Eckardt [SD]
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[SD]
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I

	
II

	
III

	

	

	

	

	






	
Yang and Draganov [17]

	
2014

	
USA

	
Monocentric

	
RYGB

	
\

	
1

	
64

	
\

	
1

	
0

	
0

	
\

	
4

	
0

	
5

	
0/1




	
Luo et al. [18]

	
2017

	
USA

	
Monocentric

	
RYGB

	
12

	
1

	
67

	
24.94

	
0

	
0

	
1

	
26.6

	
\

	
\

	
24

	
0/1




	
Sanaei et al. [19]

	
2019

	
USA, Denmark

	
Multicentric

	
3 ORYGB,

7 LRYGB

	
7.5
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52.5 [13.4]

	
\
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4

	
1

	
25

[9.7]

	
6.5

	
1

	
19.3

	
\




	
Bashir et al. [20]
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USA
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RYGB

	
6
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2

	

	
8.2
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8
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Multicentric
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7.5

	
16

	
52.3 [16.7]

	
33.6 [7.6]

	
2

	
9

	
5

	
26.2

[7.6]

	
6.1

[2.1]

	
1.7

[1.8]

	
62
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