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Eosinophilic esophagitis (EoE) is an immune mediated chronic inflammatory disease resulting from antigen exposure and is characterized by mucosal inflammation with eosinophils. Diagnosis is based on the histological finding of at least 15 eosinophils per high power field in esophageal biopsy specimens from upper gastrointestinal endoscopies. These endoscopies are usually performed in the setting of esophageal dysfunction, however, EoE can occasionally be incidentally diagnosed during endoscopies performed for other indications like coeliac disease. The eosinophilia is in the absence of other causes of esophageal eosinophilia (e.g., parasitic infection, esophageal leiomyomatosis or Crohn's disease). Presentation can be wide ranging and often varies according to age. Infants and younger children can present with choking/gagging, feed refusal, failure to thrive, irritability and vomiting. Older children and adults commonly present with dysphagia, chest pain or food bolus obstruction. EoE was first described in the 1970s, but was only recognized as a distinct disease entity in the 1990s. It has been rising in incidence and prevalence, with reported prevalence ranging between 1 in 2,500 and 1 in 10,000. Although the diagnosis of EoE is dependent on clear histopathologic diagnostic criteria, there is a disconnect between the degree of esophageal eosinophilia and symptom severity especially that of reported dysphagia. Multiple anatomical changes can be seen in the spectrum of presentations of EoE which explain dysphagia, including isolated strictures, diffuse trachealisation, fixed rings, including Schatzki, as well as tissue remodeling and fibrotic changes. However, a majority of EoE patients do not have any of these findings and will still often report ongoing dysphagia. Some will report ongoing dysphagia despite histological remission. This suggests an underlying esophageal dysmotilty which cannot be assessed with endoscopy or correlated with histological changes seen in biopsies. This review will describe the types of motor disturbances seen and their prevalence, the pathophysiological basis of dysmotility seen in EoE, how best to investigate esophageal dysfunction in EoE and the role of manometry in the management of EoE.
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TYPES OF MOTILITY PATTERNS SEEN IN EOE

The pathogenesis of dysphagia in EoE remains elusive, with multiple theories about the cause of the dysphagia. Dysmotility has been thought to be causative, however, assessment of this has proven difficult mostly due to the fact that no single motility pattern has been associated with EoE. The results of both conventional and high resolution manometry studies in EoE groups have been diverse, ranging from normal peristalsis to hypo contractile patterns (Figures 1–3), including ineffective esophageal motility (IEM) (Figure 4) and absent contractility, as well as hyper contractile patterns such as distal esophageal spasm (DES), nutcracker esophagus, jackhammer esophagus and pan-esophageal pressurization (Figure 5). Esophago-gastric junction outflow obstruction and achalasia have also been described. It has been hypothesized that the different phases in the development of esophageal motor abnormalities in EoE may reflect a progression of disease from normal to hyper peristalsis/spastic to low amplitude simultaneous contractions, followed by ineffective esophageal motility and eventually leading to aperistalsis in severe cases.


[image: Figure 1]
FIGURE 1. High resolution manometry in eosinophilic esophagitis showing normal motility on 5 ml wet swallow and multiple rapid swallow (5 × 2 ml) in an adult. Reprinted with permission from Prof. Taher Omari.
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FIGURE 2. High resolution manometry in eosinophilic esophagitis showing weak peristalsis on wet swallows in a child. Reprinted with permission from Dr Rachel Rosen.
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FIGURE 3. High resolution manometry in eosinophilic esophagitis showing weak peristalsis with wet swallow in an adult. Reprinted with permission from Prof. Taher Omari.
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FIGURE 4. High resolution manometry in eosinophilic esophagitis showing ineffective esophageal motility on 5 ml wet swallow and multiple rapid swallow (5 × 2 ml) in an adult. Reprinted with permission from Prof. Taher Omari.
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FIGURE 5. High resolution manometry in eosinophilic esophagitis showing pan-esophageal pressurization with wet swallow in a child.


Attwood et al. was first to describe a cohort in 1993 of patients with what is now known as EoE and identified the variability of manometric findings (1). Attwood et al. described a group of 12 individuals presenting with episodic dysphagia who all had esophageal hyper eosinophilia (defined as >20 per high power field) and normal esophageal acid exposure on 24 h pH monitoring. Within this group two had nutcracker esophagus, two had diffuse spasm while seven others had hypo motile changes. There have been multiple review articles which have confirmed the diversity of motility presentations in EoE. A review article published in 2008 by Nurko and Rosen identified 22 published series or case reports of esophageal manometry in EoE patients (2). This reports identified 144 patients, 29 of whom were children. Primary motility disorders were found in only 12 adult patients with EoE, 2 of whom had achalasia, 7 with diffuse esophageal spasm and 3 with nutcracker esophagus. Non-specific peristaltic abnormalities (tertiary contractions, low amplitude and ineffective peristalsis) were reported in 42 patients (35 adults and 7 children) and 11 adults had high amplitude contractions. Overall, 59 (41%) of patients had an abnormal esophageal manometry. A systematic review published by Furuta et al. in 2007 identified 10 studies which had reviewed esophageal manometry in EoE patients. 41/77 (53%) of adults had abnormalities, however, all 14 children included had normal manometry (3). A more recent review by Weiss at al was published in 2015, which included 15 studies with a total of 387 patients (4). The occurrence of abnormal esophageal manometry varied widely from 4 to 87% of patients. Weiss et al. suggested that these inconsistencies could be explained by variable disease activity at the time of the study or disease duration, but also noted that it is unclear whether there was a correlation between dysmotility and symptoms.



PATHOPHYSIOLOGICAL BASIS OF DYSMOTILITY IN EOE

The pathogenesis of EoE is complex, and likely can be attributable to a number of inflammatory pathways. Cellular mediators have an important role in the development of dysmotility in EoE. Exposure to food or aero allergens induces a Th2 response, attracting eosinophils to the esophagus. Eosinophils secrete products that can either excite or relax esophageal muscle, which may explain the variety of motility abnormalities observed. Leukotriene D3, prostaglandin F2α and thromboxane B2 all cause esophageal muscle to contract, while IL-6 and IL-13 cause relaxation (5–7). Cao et al. detected pro-inflammatory cytokines like IL-6 and IL-1beta in the circular smooth muscles of the esophagus which reduce esophageal contraction by inhibiting acetylcholine esterase release in the myenteric neurons (8). Cytoskeletal protein synaptopodin (SYNPO) may also have a role as it is expressed in esophageal epithelium and up-regulated by IL-13 in EoE. SYNPO is co-localized with actin filaments and regulates esophageal epithelial cell motility and barrier integrity (9).

Eosinophils degranulation also contributes to dysmotility, as eosinophils contain toxic granular proteins, including major basic protein (MBP), eosinophil cationic protein (ECP) eosinophil-derived neurotoxin (EDN) and eosinophil peroxides (EPO) (10). These proteins are all pro-inflammatory and can affect esophageal motility. EDN and ECP both have ribonuclease activity which can result in axonal necrosis. While MBP also activates muscarinic M2 acetylcholine receptors which are responsible for smooth muscle contraction in the distal two thirds of the esophagus (10–15). In addition to this, MBP also triggers degranulation of basophils and mast cells, which also are significant in the pathogenesis of EoE.

Mast cells are increasingly recognized as significant in the pathogenesis of EoE. Mast cell genes are up regulated in EoE and lead to an increase in pro inflammatory mediators like TNFα/β and tryptase which can result in type IV collagen production and fibrosis impacting on motility (16, 17). Activation of Acetylcholine (Ach) by histamine released from mast cells in esophageal wall may cause contractions of smooth muscle fibers in the muscularic mucosa resulting in uncoordinated contractions (18). A study by Aceves et al. (19), showed that mast cells rather than eosinophils infiltrate esophageal smooth muscle in patients with EoE. These cells express TGFβ1 which increased human esophageal smooth cell contractility in in vitro studies. Mast cell degranulation releases tryptase and histamine which can activate smooth muscle contraction pathways, as well as other pro-inflammatory and cytotoxic mediators which can cause loss of enteric neurons.

Both eosinophils and mast cells express transforming growth factor β1 (TGFβ1) which increased human esophageal smooth muscle contractility in in vitro studies and induced tissue fibrosis (20). Activated eosinophils also have a role in fibroblast proliferation and collagen deposition, with secondary fibrosis through secretion of Th2 cytokines, TGFβ1 and other eosinophil products. These may result in esophageal wall rigidity and contractile dysfunction (7, 17). Induction of tissue fibrosis may be compounded by the secretion of IL-13, IL-8 and vascular endothelial growth factor (VEGF) by eosinophils, may lead to tissue remodeling and alter motility as it does in scleroderma (21). Epithelial mesenchymal transformation (EMT) has also been implicated in the pathogenesis of fibrosis seen in EoE, which can impact esophageal wall compliance and motility (22).

Spechler postulated in 2019 that a possible mechanism for dysmotility in EoE is the release of cytotoxic secretory products destroying intramural neurons, and that achalasia may be a muscle-predominant form of EoE (21). The terminology “eosinophilic esophagitis” first appeared in the literature in 1978 in relation to a patient with achalasia who had eosinophil infiltration in biopsies of the esophageal muscularis propria (23). There are several similar cases reports, where patients have presented with significant esophageal obstruction or wall thickening with mild mucosal eosinophilia but dense infiltration of eosinophils in the deep muscle layers. This theory is supported by a case series of 28 patients with achalasia by Jin et al. in 2018. Eighty six percentage of these patients had eosinophilic infiltrates with positive staining for MBP and EDN identified in muscularis propria specimens taken at the time of Per Oral Endoscopic Myotomy (POEM) for hypercontractile motility disorders (24). Notably, no mucosal eosinophils were identified.

Given this, it is possible that there are different presentations of eosinophilic esophagitis depending on depth of gastrointestinal tract infiltration, much like eosinophilic gastroenteritis. This may explain why some patients complain of ongoing dysphagia despite resolution of mucosal eosinophilia and may have therapeutic implications as some current treatments such as topical steroids and proton pump inhibitors (PPIs) only aim at correcting mucosal eosinophilia and not eosinophilia in the esophageal muscles. Assessment of this theory is difficult given the complexity of obtaining deep esophageal biopsies, and it is unclear whether the eosinophils seen infiltrating the esophageal muscularis propria in these cases are the cause of enteric neuronal destruction or merely a response to their destruction.



ASSESSMENT OF ESOPHAGEAL DYSFUNCTION IN EOE


Barium Contrast Study

There is currently no role for barium esophagogram for evaluation of esophageal motility or distensibility in EoE patients. Lee et al. observed heterogeneity in their cohort of EoE patients, and that only ~50% of patients had abnormal baseline esophageal diameters. They also found that significant changes in diameter had no correlation to clinical outcomes, indicating no role in ongoing management either (25).



Esophageal Manometry

Esophageal manometry, particularly high resolution manometry, has been useful in understanding dysmotility in EoE patients, but disappointingly no distinct manometric findings have been identified. With the advent of the Chicago 4 classification of manometry patterns (Ref), the patients previously classified as having weak and frequent failed peristalsis would now be classified as having Ineffective Esophageal Motility (IEM) and those having Hypertensive Peristalsis as having Distal Esophageal Spasm (DES) (26). Multiple studies have published manometric data from EoE patients, using both conventional and high resolution manometry (Tables 1, 2). Notably, apart from the studies by Cheung and Nurko et al, all of the studies were on adult EoE patients. In studies by both Van Rhijn et al. and Roman et al, no significant differences in pressure topography parameters between EoE vs. gastroesophageal reflux disease (GERD) patients were observed. Roman's group observed that EoE patients were more likely to have abnormal bolus pressurization patterns (compartmentalized in 19% and pan-esophageal in 17%) during swallows (27, 28). Early pan-esophageal pressurization in conjunction with normal esophago-gastric junction (EGJ) relaxation was a finding specific to EoE. The authors found that increasing the volume of the bolus challenge increased the number of swallows with pressurization in EoE patients. This is possibly due to exaggerated longitudinal muscle (LM) contraction, causing reduced esophageal compliance, or may be secondary to obstructive findings on endoscopy.


Table 1. Conventional manometry studies in eosinophilic esophagitis.
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Table 2. High resolution manometry studies in eosinophilic esophagitis.
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It has been postulated that there are distinct phenotypes, with a study in 2016 by Colizzo et al. dividing EoE patients into a fibrostenotic (FS) subtype or inflammatory (IF) subtype depending on endoscopic findings and the patients undergoing manometry to assess for differences, with a focus on intrabolus pressure. Elevated IBP indicates abnormal resistive forces and is an objective measure of the pressure a bolus encounters as it moves down the esophagus and has been shown to correlate with dysphagia in other esophageal disorders. Colizzo found that intrabolus pressure (IBP) was higher in the fibrostenotic group (29). An IBP of 16 mmHg had a sensitivity and specificity for FS disease, of 70.5 and 75% respectively, to distinguish between the groups. This finding has not been replicated in subsequent studies (30). In a study done by von Arnim et al. (31), on 26 EoE patients vs. 23 controls, none of the HRM parameters including IBP showed no differences according to EoE subtype (FS or IF). This may be due to a difference in cohort, as all patients had strictures in this study, unlike the Colizzo study where all patients were non obstructive on endoscopy. There was also no statistically significant difference in IBP between FS and IF subtypes of EoE in the high resolution manometry in patients with EoE (HIMEOS) study, though the IBP was higher in the FS subtype (30).

Correlation between pH metry and manometry findings in EoE has also been an area of interest. Higher esophageal acid exposure time and lower baseline impedance values were significantly associated with eosinophilic infiltration in a study on 63 EA patients with EoE in a study by Pesce et al. (32). Monnerat and her group published the first study to correlate pH metry with manometry in 20 patients (33). Abnormal acid reflux index was seen in 25%, however no correlation was seen between abnormal reflux and presence of manometry changes.

There are numerous theories as to why multiple studies utilizing conventional and high resolution esophageal manometry, including the HIMEOS study, have not found a correlation between symptoms and motility patterns (2, 3, 28, 30, 31, 34–36). Studies have involved small numbers of patients with varying disease duration and have used varying definitions of motility disorders as well as varying methodologies to compare symptoms to manometric findings, making reviewing and comparing the studies difficult. In addition to this, there is no validated dysphagia scoring system for EoE. The natural history of EoE is also poorly understood and there is likely an evolution of the cause of dysmotility underlying EoE over time, with an evolving manometric pattern. Motor disorders may also represent an epiphenomenon. Symptom reporting may also be impacted by visceral hyperalgesia, abnormalities in central processing, esophageal hypervigilence and psychosocial factors.

Nurko et al. hypothesized that the lack of correlation may be due to the intermittent nature of dysphagia and that stationary manometry is unlikely to capture the relevant assessment of esophageal physiology at time of dysphagia. To address this, a study was conducted involving 17 children with EoE, 13 with gastro-esophageal reflux disease (GERD) and 11 healthy controls (37). These pediatric patients underwent both stationary high resolution manometry and a prolonged ambulatory esophageal manometry plus pH metry (PEMP) for 24 h. Forty one percentage of EoE patients had peristaltic changes during their stationary high resolution manometry, which is similar to previously published data. However, during PEMP, 76% of EoE patients had recorded abnormal motor function with every episode of dysphagia, indicating that in the pediatric population, dysphagia does correlate with manometric changes. Manometry changes in this study consisted of ineffective peristaltic waves, higher amplitude peristalsis and isolated contractions. This study did not evaluate whether EoE treatment resulted in an improvement of esophageal motor function. In the absence of impedance measurement there was also no objective evidence that motility abnormalities resulted in abnormal bolus transit.

Possible correlation between manometry findings and eosinophil count on histology has also been assessed. Bassett et al. (34), used conventional manometry and evaluated 32 adult patients, dividing them into normal and abnormal manometry findings. They found that eosinophil count on biopsy were similar in both groups. Similar findings were seen in study by Moawad et al. (36) where there was no significant difference in the mean peak eosinophil count amongst the different motility groups (normal/mild IEM/moderate IEM/severe IEM/nutcracker).

Manometric studies on EoE patients have shed some light on the natural history and development of dysmotility in EoE. Martin et al. found an association between pan-esophageal pressurization and a disease duration of >10 years, as well as a history of requiring endoscopic disimpaction (35). This was replicated in a study by Van Rhijn et al, which found the prevalence of motility disorders increased from 36% in those who had a disease duration of 5 years or less to 83% in those who had a disease duration of >16 years (28). The HIMEOS study did not show any statistical significance in disease duration in their cohort, but this may be due to the younger ages of their patients (30).



Endoscopic Ultrasound

Whilst manometry is able to assess the circular muscle (CM), endoscopic ultrasound is of greater utility when assessing LM. Korsapati et al. in 2009 showed that LM may play an important role in dysphagia in EoE patients (45). In this prospective study, 10 EoE patients and 10 healthy controls underwent simultaneous high resolution manometry and EUS. Measurements were obtained before and after the use of edrophonium, which is an acetylcholinesterase inhibitor used to increase contraction amplitude. Muscle thickness was used as a surrogate marker for LM contraction, and this was found to be markedly diminished in EoE patients compared to controls. Asynchronicity between muscles layers was identified during peristalsis. Edrophonium had an effect on both controls and EoE patients, but this was more marked in controls. Notably, 3 patients who were on EoE treatment at the time showed a lower degree of LM dysfunction than other EoE patients.

This LM dysfunction may contribute to dysphagia through abnormal motility as well as the loss of coordination with CM, and may be due to inflammation LM from the release of cytokines and interleukins (IL-4, IL-5, IL-13 and eotaxin) by eosinophils and mast cells. The dysfunction in the LM may also be due to it not responding appropriately to cholinergic stimulation. Chronic inflammation of the LM could also induce scarring and fibrosis, thereby affecting movement of the esophagus in the longitudinal axis.



EndoFLIP (Functional Luminal Imaging Probe)

EndoFLIP (Functional Luminal Imaging Probe) is a novel investigation which utilizes high resolution planimetry to generate three-dimensional images of the intraluminal esophageal anatomy during volumetric distension. This allows for objective measurement of tissue remodeling and fibrosis. EoE patients exhibit reduced esophageal distensibility and compliance secondary to esophageal wall thickening, edema and fibrosis. This may explain the presence of persistent symptoms despite inflammatory resolution due to structural remodeling of the esophagus which does not uniformly respond to EoE treatment.

EndoFLIP has been used in several studies with EoE patients. A study in 2011 by Kwiatek et al. found significantly reduced distensibility in EoE patients compared to controls, though this was independent to degree of esophageal eosinophilia (46). A study by Nicodeme investigated whether EndoFLIP was useful in EoE patients to identify susceptibility to food impaction/need for dilation and they were able to conclude that distensibility <225 cm2 is a predictor of need for dilation (47). No correlation was seen between esophageal distensibility and degree of eosinophilia. This lack of correlation could be because the reduced distensibility is secondary to fibrosis rather than mucosal hyper eosinophilia or secondary to deeper muscle wall involvement. The authors felt that esophageal eosinophilia is not predictive of outcome and correlates poorly with esophageal distensibility.

More recently, Carlson et al. postulated that there may be an association between EoE disease activity and esophageal contractile response (CR) to distensibility, also known as secondary peristalsis (48). In this retrospective study, the FLIP of 199 EoE patients were reviewed and assigned CR patterns (49). This was then compared against the endoscopic furrows and total endoscopic reference scores (EREFS) (50). This study found that while 34% of EoE patients had normal CR, there was a correlation between abnormal CRs and reduced esophageal distensibility, greater total EREFS and a greater duration of symptoms. Mucosal eosinophilia was also assessed and was similar between those with normal CR and abnormal CR. The authors concluded that fibrostenotic remodeling and evidence of esophageal obstruction lead to dysmotility in EoE, rather than the degree of eosinophilic inflammation.

A pediatric study by Hassan et al. used EndoFLIP to compare 11 EE and 12 control patients. They found that EoE subjects had significantly lower esophageal compliance and this correlated with epithelial remodeling severity (51). There was a correlation between esophageal eosinophilia and both decreased compliance and distensibility, which is different to the adult data. EREFS also correlated significantly with decreased compliance and distensibility. The authors concluded that compliance was a more sensitive gauge of altered esophageal biomechanics as it took into account the entire esophagus rather than just the narrowest point, and could better identify patients with a rigid but not narrowed esophagus. Study limitations included the fact that EoE patients were on different medications and at different disease duration and hence study could not assess relationship between disease duration, therapy type, distensibility and compliance.



Effect of EoE Treatment on Esophageal Dysmotility

Although studies assessing motility abnormalities have not always shown correlation between mucosal eosinophilia and dysmotility, resolution of motility abnormalities (both hyper and hypo contractility) along with improvement in dysphagia with EoE treatment has been shown in multiple studies which strongly suggest causality (Table 3). Notably, in 2011 Savarino et al. published a case report of a patient with dysphagia and the manometric finding of achalasia, who had >50 eosinophils per HPF, (55) the symptoms and manometric findings resolved with the use of prednisolone, supporting the hypothesis that some cases of achalasia may have an underlying diagnosis of EoE and be responsive to EoE therapies.


Table 3. Manometry findings before and after eosinophilic esophagitis treatment.

[image: Table 3]

A larger retrospective study by Ghisa et al. was conducted to evaluate the possible association between EoE and obstructive esophageal disorders. The HRM of 109 patients with new diagnosis EoE were reviewed; 41 patients were found to have a motor disorder, amongst whom eight had achalasia (56). Three of the eight patients responded to steroid therapy based on symptoms and histology, and did not require more invasive intervention for management of achalasia. Unfortunately, HRM after EoE therapy was only performed in 1 of these patients, who was found to have ongoing EGJOO.

In the HIMEOS-study, symptomatic EoE patients were evaluated with HRM before and after 8 weeks of topical treatment with budesonide slurry (30). Primary endpoint of this study was the effect of treatment on the IBP, which reduced in 55% post therapy but was not statistically significant. The authors felt this was due to IBP not being an optimal parameter for the monitoring of successful treatment response in EoE patients. Other study limitations included the fact that in this study there were only low numbers of FS type patients and only 5 ml swallows were used for testing unlike the Colizzo et al. study.




EOE IN ESOPHAGEAL ATRESIA

Recently there have several publications reporting a significantly higher prevalence (up to 17%) of EoE in patients with repaired esophageal atresia (EA). Certain genes which have an effect on esophageal motility have been found to be dysregulated in EoE patients with and without EA. These genes include ANO1, expressed by interstitial cells of cajal (ICC) and which governs SM contractions, and SYNPO2 (cytoskeletal protein synaptopodin), which is co-localized with actin filaments and regulates esophageal epithelial cell motility and barrier integrity. EoE patients with EA were also found to have a more severe phenotype when compared to EoE patients without EA (57). Whether this was due to more significant dysmotility, decreased compliance and/or a greater proportion of the EoE in EA patients being of the FS subtype is currently not known. Significant reduction in dysphagia, food bolus impactions, reflux symptoms and strictures needing dilation was observed post treatment of EoE in EA patients in study by Chan et al. (58). However, whether this symptomatic improvement was due to improved inflammation and/or motility parameters is currently not known as there are currently no published studies evaluating motility in EA patients with EoE at baseline and post EoE treatment.


Summary

1. Dysphagia and food impaction, which are common symptoms in EoE patients are more commonly due to abnormal esophageal motility and dispensability than from anatomical changes like strictures.

2. Dysmotility, as seen in EoE may progress from hyper contractility to hypo contractility disorders. These abnormalities most likely result from interactions between eosinophil's and mast cells within the esophageal microenvironment.

3. HRM has allowed definition of motility changes seen in EoE patients, but no specific manometry pattern for EoE has been identified. Prevalence of these changes increases with disease duration. Effect of EoE treatment on these manometric abnormalities has not been well evaluated. Even though some of the motility abnormalities may improve after treatment of EoE it is not clear whether this correlates with symptomatic improvement. Currently HRM is not considered to be essential for the diagnosis or to assess efficacy of treatment of EoE. Ambulatory manometry has demonstrated temporal association between dysphagia and abnormal motility patterns in a single pediatric study.

4. Based on current literature, HRM can explain dysphagia only in a few EoE patients. EndoFLIP and EUS might be complementary investigations with HRM to explain dysphagia in EoE patients. Targeting the allergic and inflammatory process should still be the primary focus for therapeutic interventions but treatment outcomes should also focus on improving compliance of the esophageal wall and resolving the mechanical obstruction that drives symptom severity.



Future Perspectives

Although recognition and understanding of the dysmotility seen in EoE has continued to evolve, larger studies need to be undertaken to confirm whether manometric abnormalities result in abnormal bolus transit and to understand if severity of histologic findings correlates with manometric findings and/or dysphagia.

Possible future areas of research could include:

1. Prospective longitudinal large studies using HRM (Chicago 4) and pressure flow metrics in” Swallow Gateway” to determine if manometric abnormalities result in abnormal bolus transit and if severity of histologic disease correlates with manometric abnormalities and/or severity of dysphagia (26, 59).

2. HRM studies on EoE patients to look for signs of early and late disease and to monitor disease activity with pre and post treatment studies with validated EoE specific dysphagia scores (60) and endoscopic (EREFS) and histological scores (PEESS).

3. Delay in diagnosis has been identified as a risk factor for esophageal stricture formation. Prospective studies to determine if early diagnosis and prolonged treatment until there is resolution of motor abnormalities reduces stricture risk and improves patient outcomes.

4. There is mounting evidence that mast cells and TGFβ1 might function as a potential therapeutic targets that are involved in both esophageal remodeling and dysmotility resulting in dysphagia in EoE patients. Hence future studies could help determine whether targeted therapies resulting in reduction in mast cell numbers and TGFβ1 expression, are associated with improved peristalsis and reduced symptoms.




CONCLUSION

Although the answer to the question “What is the clinical impact of manometry testing on EoE management?” is still not clear, measuring the biomechanics in EoE is important to help determine objective surrogate endpoints for therapeutic clinical trials, as reliance upon symptom scoring alone or eosinophil count for response to treatment may ignore the most important underlying mechanism for symptoms. Although targeting the allergic and inflammatory process should still be a primary focus for therapeutic interventions, treatment outcomes should also focus on improving the motility abnormalities, compliance of the esophageal wall and resolving the mechanical obstruction that drives symptom severity. The different phenotypes of EoE will likely require different approaches and assessment of esophageal biomechanics (motility and compliance), which could help tailor therapy.



AUTHOR CONTRIBUTIONS

CC prepared and drafted the manuscript. UK critically reviewed and edited the manuscript. All authors contributed to the article and approved the submitted version.



REFERENCES

 1. Attwood SE, Smyrk TC, Demeester TR, Jones JB. Esophageal eosinophilia with dysphagia. A distinct clinicopathologic syndrome. Dig Dis Sci. (1993) 38:109–16. doi: 10.1007/BF01296781

 2. Nurko S, Rosen R. Esophageal dysmotility in patients who have eosinophilic esophagitis. Gastrointest Endosc Clin N Am. (2008) 18:73–89. doi: 10.1016/j.giec.2007.09.006

 3. Furuta GT, Liacouras CA, Collins MH, Gupta SK, Justinich C, Putnam PE, et al. Eosinophilic esophagitis in children and adults: a systematic review and consensus recommendations for diagnosis and treatment. Gastroenterology. (2007) 133:1342–63. doi: 10.1053/j.gastro.2007.08.017

 4. Weiss AH, Iorio N, Schey R. Esophageal motility in eosinophilic esophagitis. Revista de Gastroenterología de México. (2015) 80:205–13. doi: 10.1016/j.rgmxen.2015.05.002 

 5. Daniel EE, Crankshaw J, Sarna S. Prostaglandins and tetrodotoxin-insensitive relaxation of opossum lower esophageal sphincter. Am J Physiol. (1979) 236:E153–72. doi: 10.1152/ajpendo.1979.236.2.E153

 6. Kim N, Cao W, Song IS, Kim CY, Sohn UD, Harnett KM, et al. Leukotriene D4–induced contraction of cat esophageal and lower esophageal sphincter circular smooth muscle. Gastroenterology. (1998) 115:919–28. doi: 10.1016/S0016-5085(98)70264-1

 7. Rieder F, Nonevski I, Ma J, Ouyang Z, West G, Protheroe C, et al. T-helper 2 cytokines, transforming growth factor beta1, and eosinophil products induce fibrogenesis and alter muscle motility in patients with eosinophilic esophagitis. Gastroenterology. (2014) 146:1266–77.e1–9. doi: 10.1053/j.gastro.2014.01.051

 8. Cao W, Cheng L, Behar J, Fiocchi C, Biancani P, Harnett KM. Proinflammatory cytokines alter/reduce esophageal circular muscle contraction in experimental cat esophagitis. Am J Physiol Gastrointest Liver Physiol. (2004) 287:G1131–9. doi: 10.1152/ajpgi.00216.2004

 9. Rochman M, Travers J, Abonia JP, Caldwell JM, Rothenberg ME. Synaptopodin is upregulated by IL-13 in eosinophilic esophagitis and regulates esophageal epithelial cell motility and barrier integrity. JCI Insight. (2017) 2:e96789. doi: 10.1172/jci.insight.96789

 10. Gleich GJ, Adolphson CR. The eosinophilic leukocyte: structure and function. Adv Immunol. (1986). 39:177–253. doi: 10.1016/S0065-2776(08)60351-X

 11. Tottrup A, Fredens K, Funch-Jensen P, Aggestrup S, Dahl R. Eosinophil infiltration in primary esophageal achalasia. A possible pathogenic role. Dig Dis Sci. (1989) 34:1894–9. doi: 10.1007/BF01536708

 12. Dvorak AM, Onderdonk AB, McLeod RS, Monahan-Earley RA, Antonioli DA, Cullen J, et al. Ultrastructural identification of exocytosis of granules from human gut eosinophils in vivo. Int Arch Allergy Immunol. (1993) 102:33–45. doi: 10.1159/000236548

 13. Jacoby DB, Gleich GJ, Fryer AD. Human eosinophil major basic protein is an endogenous allosteric antagonist at the inhibitory muscarinic M2 receptor. J Clin Invest. (1993) 91:1314–8. doi: 10.1172/JCI116331

 14. Stevoff C, Rao S, Parsons W, Kahrilas PJ, Hirano I. EUS and histopathologic correlates in eosinophilic esophagitis. Gastrointest Endosc. (2001) 54:373–7. doi: 10.1067/mge.2001.116569

 15. Liacouras CA, Spergel JM, Ruchelli E, Verma R, Mascarenhas M, Semeao E, et al. Eosinophilic esophagitis: a 10-year experience in 381 children. Clin Gastroenterol Hepatol. (2005) 3:1198–206. doi: 10.1016/S1542-3565(05)00885-2

 16. Xu X, Rivkind A, Pikarsky A, Pappo O, Bischoff SC, Levi-Schaffer F. Mast cells and eosinophils have a potential profibrogenic role in Crohn disease. Scand J Gastroenterol. (2004) 39:440–7. doi: 10.1080/00365520310008566

 17. Levi-Schaffer F, Weg VB. Mast cells, eosinophils and fibrosis. Clin Exp Allergy. (1997) 27(Suppl 1):64–70. doi: 10.1111/j.1365-2222.1997.tb01829.x

 18. Mann NS, Leung JW. Pathogenesis of esophageal rings in eosinophilic esophagitis. Med Hypotheses. (2005) 64:520–3. doi: 10.1016/j.mehy.2004.08.021

 19. Aceves SS, Chen D, Newbury RO, Dohil R, Bastian JF, Broide DH. Mast cells infiltrate the esophageal smooth muscle in patients with eosinophilic esophagitis, express TGF-beta1, and increase esophageal smooth muscle contraction. J Allergy Clin Immunol. (2010) 126:1198–204 e4. doi: 10.1016/j.jaci.2010.08.050

 20. Mishra A. Mechanism of eosinophilic esophagitis. Immunol Allergy Clin North Am. (2009) 29:29–40. doi: 10.1016/j.iac.2008.09.010

 21. Spechler SJ. Eosinophilic esophagitis: novel concepts regarding pathogenesis and clinical manifestations. J Gastroenterol. (2019) 54:837–44. doi: 10.1007/s00535-019-01604-7

 22. Kagalwalla AF, Akhtar N, Woodruff SA, Rea BA, Masterson JC, Mukkada V, et al. Eosinophilic esophagitis: epithelial mesenchymal transition contributes to esophageal remodeling and reverses with treatment. J Allergy Clin Immunol. (2012) 129:1387–96 e7. doi: 10.1016/j.jaci.2012.03.005

 23. Landres RT, Kuster GG, Strum WB. Eosinophilic esophagitis in a patient with vigorous achalasia. Gastroenterology. (1978) 74:1298–301. doi: 10.1016/0016-5085(78)90710-2

 24. Jin H, Wang B, Zhang LL, Zhao W. Activated eosinophils are present in esophageal muscle in patients with achalasia of the esophagus. Med Sci Monit. (2018) 24:2377–83. doi: 10.12659/MSM.909727

 25. Lee J, Huprich J, Kujath C, Ravi K, Enders F, Smyrk TC, et al. Esophageal diameter is decreased in some patients with eosinophilic esophagitis and might increase with topical corticosteroid therapy. Clin Gastroenterol Hepatol. (2012) 10:481–6. doi: 10.1016/j.cgh.2011.12.042

 26. Yadlapati R, Kahrilas PJ, Fox MR, Bredenoord AJ, Prakash Gyawali C, Roman S, et al. Esophageal motility disorders on high-resolution manometry: Chicago classification version 4.0©. Neurogastroenterol Motil. (2021) 33:e14058. doi: 10.1111/nmo.14058

 27. Roman S, Hirano I, Kwiatek MA, Gonsalves N, Chen J, Kahrilas PJ, et al. Manometric features of eosinophilic esophagitis in esophageal pressure topography. Neurogastroenterol Motil. (2011) 23:208–14, e111. doi: 10.1111/j.1365-2982.2010.01633.x

 28. van Rhijn BD, Oors JM, Smout AJ, Bredenoord AJ. Prevalence of esophageal motility abnormalities increases with longer disease duration in adult patients with eosinophilic esophagitis. Neurogastroenterol Motil. (2014) 26:1349–55. doi: 10.1111/nmo.12400

 29. Colizzo JM, Clayton SB, Richter JE. Intrabolus pressure on high-resolution manometry distinguishes fibrostenotic and inflammatory phenotypes of eosinophilic esophagitis. Dis Esophagus. (2016) 29:551–7. doi: 10.1111/dote.12360

 30. Nennstiel S, Bajbouj M, Becker V, Slotta-Huspenina J, Wagenpfeil S, Schmid RM, et al. High-resolution manometry in patients with eosinophilic esophagitis under topical steroid therapy-a prospective observational study (HIMEOS-study). Neurogastroenterol Motil. (2016) 28:599–607. doi: 10.1111/nmo.12753

 31. von Arnim U, Kandulski A, Weigt J, Malfertheiner P. Correlation of high-resolution manometric findings with symptoms of dysphagia and endoscopic features in adults with eosinophilic esophagitis. Dig Dis. (2017) 35:472–7. doi: 10.1159/000458407

 32. Pesce M, Krishnan U, Saliakellis E, Lopez R, Lindley KJ, Thapar N, et al. Is there a role for pH impedance monitoring in identifying eosinophilic esophagitis in children with esophageal atresia? J Pediatr. (2019) 210:134–40. doi: 10.1016/j.jpeds.2019.03.015

 33. Monnerat MM, Lemme EM. Eosinophilic esophagitis: manometric and pHmetric findings. Arq Gastroenterol. (2012) 49:113–7. doi: 10.1590/S0004-28032012000200004

 34. Bassett J, Maydonovitch C, Perry J, Sobin L, Osgard E, Wong R. Prevalence of esophageal dysmotility in a cohort of patients with esophageal biopsies consistent with eosinophilic esophagitis. Dis Esophagus. (2009) 22:543–8. doi: 10.1111/j.1442-2050.2009.00949.x

 35. Martin Martin L, Santander C, Lopez Martin MC, Espinoza-Rios J, Chavarria-Herbozo C, Gisbert JP, et al. Esophageal motor abnormalities in eosinophilic esophagitis identified by high-resolution manometry. J Gastroenterol Hepatol. (2011) 26:1447–50. doi: 10.1111/j.1440-1746.2011.06770.x

 36. Moawad FJ, Maydonovitch CL, Veerappan GR, Bassett JT, Lake JM, Wong RK. Esophageal motor disorders in adults with eosinophilic esophagitis. Dig Dis Sci. (2011) 56:1427–31. doi: 10.1007/s10620-011-1655-5

 37. Nurko S, Rosen R, Furuta GT. Esophageal dysmotility in children with eosinophilic esophagitis: a study using prolonged esophageal manometry. Am J Gastroenterol. (2009) 104:3050–7. doi: 10.1038/ajg.2009.543

 38. Vitellas KM, Bennett WF, Bova JG, Johnston JC, Caldwell JH, Mayle JE. Idiopathic eosinophilic esophagitis. Radiology. (1993) 186:789–93.doi: 10.1148/radiology.186.3.843018910.1148/radiology.186.3.8430189

 39. Cheung KM, Oliver MR, Cameron DJ, Catto-Smith AG, Chow CW. Esophageal eosinophilia in children with dysphagia. J Pediatr Gastroenterol Nutr. (2003) 37:498–503. doi: 10.1097/00005176-200310000-00018

 40. Croese J, Fairley SK, Masson JW, Chong AK, Whitaker DA, Kanowski PA, et al. Clinical and endoscopic features of eosinophilic esophagitis in adults. Gastrointest Endosc. (2003) 58:516–22. doi: 10.1067/s0016-5107(03)01870-4

 41. Remedios M, Campbell C, Jones DM, Kerlin P. Eosinophilic esophagitis in adults: clinical, endoscopic, histologic findings, and response to treatment with fluticasone propionate. Gastrointest Endosc. (2006) 63:3–12. doi: 10.1016/j.gie.2005.07.049

 42. Gonsalves N, Policarpio-Nicolas M, Zhang Q, Rao MS, Hirano I. Histopathologic variability and endoscopic correlates in adults with eosinophilic esophagitis. Gastrointest Endosc. (2006) 64:313–9. doi: 10.1016/j.gie.2006.04.037

 43. Lucendo AJ, Castillo P, MartChávarri S, Carrión G, Pajares R, Pascual JM, et al. Manometric findings in adult eosinophilic oesophagitis: A study of 12 cases. Eur J Gastroenterol Hepatol. (2007) 19:417–24. doi: 10.1097/MEG.0b013e328010bd69

 44. Lucendo AJ. Motor disturbances participate in the pathogenesis of eosinophilic oesophagitis, beyond the fibrous remodelling of the oesophagus. Aliment Pharmacol Ther. (2006) 24:1264–7. doi: 10.1111/j.1365-2036.2006.03109.x

 45. Korsapati H, Babaei A, Bhargava V, Dohil R, Quin A, Mittal RK. Dysfunction of the longitudinal muscles of the oesophagus in eosinophilic oesophagitis. Gut. (2009) 58:1056–62. doi: 10.1136/gut.2008.168146

 46. Kwiatek MA, Hirano I, Kahrilas PJ, Rothe J, Luger D, Pandolfino JE. Mechanical properties of the esophagus in eosinophilic esophagitis. Gastroenterology. (2011) 140:82–90. doi: 10.1053/j.gastro.2010.09.037

 47. Nicodeme F, Hirano I, Chen J, Robinson K, Lin Z, Xiao Y, et al. Esophageal distensibility as a measure of disease severity in patients with eosinophilic esophagitis. Clin Gastroenterol Hepatol. (2013) 11:1101–7 e1. doi: 10.1016/j.cgh.2013.03.020

 48. Carlson DA, Shehata C, Gonsalves N, Hirano I, Peterson S, Prescott J, et al. Esophageal dysmotility is associated with disease severity in eosinophilic esophagitis. Clin Gastroenterol Hepatol. (2021) S1542–3565(21)01181-2. doi: 10.1016/j.cgh.2021.11.002

 49. Carlson DA, Baumann AJ, Prescott JE, Donnan EN, Yadlapati R, Khan A, et al. Validation of secondary peristalsis classification using FLIP panometry in 741 subjects undergoing manometry. Neurogastroenterol Motil. (2022) 34:e14192. doi: 10.1111/nmo.14192

 50. Hirano I, Moy N, Heckman MG, Thomas CS, Gonsalves N, Achem SR. Endoscopic assessment of the oesophageal features of eosinophilic oesophagitis: validation of a novel classification and grading system. Gut. (2013) 62:489–95. doi: 10.1136/gutjnl-2011-301817

 51. Hassan M, Aceves S, Dohil R, Gharibans A, Newbury R, Proudfoot J, et al. Esophageal compliance quantifies epithelial remodeling in pediatric patients with eosinophilic esophagitis. J Pediatr Gastroenterol Nutr. (2019) 68:559–65. doi: 10.1097/MPG.0000000000002202

 52. Hempel SL, Elliott DE. Chest pain in an aspirin-sensitive asthmatic patient: Eosinophilic esophagitis causing esophageal dysmotility. Chest. (1996) 110:1117–20. doi: 10.1378/chest.110.4.1117

 53. Tanaka S, Toyonaga T, Kawara F, Watanabe D, Hoshi N, Abe H, et al. A case of Jackhammer esophagus caused by eosinophilic esophagitis in which per-oral endoscopic myotomy resulted in symptom improvement. Clin J Gastroenterol. (2018) 11:377–81. doi: 10.1007/s12328-018-0868-y

 54. Funaki Y, Ogasawara N, Kawamura Y, Yoshimine T, Tamura Y, Izawa S, et al. Markedly effective steroid treatment of three patients with allergy-related jackhammer esophagus. Intern Med. (2020) 59:633–9. doi: 10.2169/internalmedicine.3865-19

 55. Savarino E, Gemignani L, Zentilin P, de Bortoli N, Malesci A, Mastracci L, et al. Achalasia with dense eosinophilic infiltrate responds to steroid therapy. Clin Gastroenterol Hepatol. (2011) 9:1104–6. doi: 10.1016/j.cgh.2011.08.002

 56. Ghisa M, Laserra G, Marabotto E, Ziola S, Tolone S, de Bortoli N, et al. Achalasia and obstructive motor disorders are not uncommon in patients with eosinophilic esophagitis. Clin Gastroenterol Hepatol. (2021) 19:1554–63. doi: 10.1016/j.cgh.2020.07.056

 57. Dhaliwal J, Tobias V, Sugo E, Varjavandi V, Lemberg D, Day A, et al. Eosinophilic esophagitis in children with esophageal atresia. Dis Esophagus. (2014) 27:340–7. doi: 10.1111/dote.12119

 58. Chan LJ, Tan L, Dhaliwal J, Briglia F, Clarkson C, Krishnan U. Treatment outcomes for eosinophilic esophagitis in children with esophageal atresia. Dis Esophagus. (2016) 29:563–71. doi: 10.1111/dote.12368

 59. Omari T. Swallow Gateway Adelaide (AU): Flinders University. (2022). Available online at: www.swallowgateway.com (accessed January 11, 2022). 

 60. Dellon ES, Gonsalves N, Hirano I, Furuta GT, Liacouras CA, Katzka DA, et al. ACG clinical guideline: Evidenced based approach to the diagnosis and management of esophageal eosinophilia and eosinophilic esophagitis (EoE). Am J Gastroenterol. (2013) 108:679–92. doi: 10.1038/ajg.2013.71

Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Publisher's Note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2022 Chai and Krishnan. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



OPS/images/fped-10-853754-g005.gif
el






OPS/images/fped-10-853754-t001.jpg
References Study type

Attwood (1) Retrospective
Vitelas (38) Retrospective
Cheung (39) Retrospective
Croese (40) Retrospective
Remedios (41) Prospective
Gonsalves (42) Retrospective
Lucendo (43) Prospective
Lucendo (44) Retrospective
Korsapati (45) Prospective
Nurko (37) Prospective
Bassett (34) Prospective
Hejazi (2010) Retrospective
Moawad (36) Retrospective
Monnerat (33) Retrospective

GERD, Gastro-Esophageal Reflux Disease.

No. of patients with EoE/No. of controls

12/90 (GERD)

13/0

11 chidren/6 (dysphagia)
13/0

23/0
15/0

29/0

12/0

10710

17 (chidren)/24 (13 GERD, 11 healthy)
300

14/0

75/0

20/0

Peristaltic changes (%)

DES 2 (17%) “Nutcracker” 2
(17%) Reduced peristalsis
7 (58%)

DES 1 (8%) Prolonged
peristalsis 1 (8%)

None

Nonspecific changes 5
(38%)

Aperistalsis 1(4%)

DES 1 (7%) Nonspecific
disorders (60%)
Hypoperistalsis 17 (58%)
High amplitude contractions
9(31%)

Nonspecific changes

6 (50%) Distal hyperkinetic
peristalsis 3 (25%)
Simultaneous contractions
1(8%)

None

Peristaltic changes 7 (41%)
Nonspecific changes

5 (16%) Amplitude > 180
mmHg 2 (7%)
“Nutoracker” 2 (14%)
Nonspecific disorder

2 (14%) Aperistalsis 2 (14%)
Ineffective peristalsis

25 (33%) “Nutcracker”

3 (4%)

Ineffective peristalsis 3
(15%)

Normal (%)

2(17%)

10 (77%)

11 (100%)
8(62%)

22 (96%)
5(33%)

3(10%)

2(17%)

10 (100%)

10 (59%)
28(77%)

6(43%)

47 (63%)

15 (75%)





OPS/images/fped-10-853754-g003.gif
o






OPS/images/fped-10-853754-g004.gif





OPS/images/fped-10-853754-t002.jpg
References

Martin (35)

Roman (27)

Van Rhijn (28)

Nennstiel (30)

Colizzo (29)

Von Amim (31)

Study type

Prospective

Retrospective

Prospective

Prospective

Retrospective

Prospective

No. of patient with EoE/No. of controls

21/21 (GERD with dysphagia)

48/98 (48 GERD, 50 healthy)

31/62(31 GERD, 31 healthy)

20/0

29/0

24/23

Peristaltic changes (%)

Reduced peristalsis 6 (28%)
Pan-esophageal
pressurisation 10 (48%)
EGJOO 1 (2%) Aperistalsis
1 (2%) Hypercontractilty

1 (2%) Rapid contractions
2 (4%) Common interrupted
peristalsis 5 (10%) Reduced
peristalsis 8 (17%)

Reduced peristalsis 27%
Interrupted peristalsis 129%
Early pan-esophageal
pressurisation 3 (15%)
Compartmentalised
esophageal pressurisations
1 (5%) Frequently failed
peristalsis 1 (5%) Weak
peristalsis 2 (10%)
Jackhammer esophagus 2
Weak peristalsis 2 EGJOO 1
Hypertensive LES 1

Hypomotilty 8 EGJOO 5

Normal (%)

5(25%)

30 (63%)

13 (42%)

13 (65%)

23 (80%)

11 (43%)

GERD, Gastro-Esophageal Reflux Disease; DES, Diffuse Esophageal Spasm; EGJOO, Esophageal Gastric Junction Outlet Obstruction.





OPS/images/fped-10-853754-t003.jpg
References N
Landres et al. (23) 1

Hempel (52) 1

Lucendo (43)

Lucendo (44) 12
Nennstiel (30) 20
Tanaka (53) 1

Funaki (54) 3

Treatment

Myotomy
Systemic steroids

Fluticasone
Fluticasone

Budesonide

Systemic steroids
Myotomy
Systemic steroids

Manometric findings
before treatment

Vigorous achalasia

Low LES and DES

Hypomotiity
High amplitude contractions.
in 3, severe abnormal
peristalsis and 1 with mildly
abnormal peristalsis

Early pan-esophageal
pressurisation 3 (15%)
Compartmentalised
esophageal pressurisations
1 (5%) Frequently failed
peristalsis 1 (5%) Weak
peristalsis 2 (10%) Elevated
1BP in 20%

Jackhammer esophagus

Jackhammer esophagus

Manometric findings
after treatment

Normalised peristalsis and
LES pressure

Low LES; nomalised
peristalsis

80% normalised

7 had ongoing manometric
abnormalities but all
improved

Reduction of IBP in 55% of
patients

Resolution in 6/7 patients
with manometric findings
(no improvement in
frequently failed peristalsis)

No change after steroids;
resolution after myotomy

All normalised

LES, Lower esophageal sphincter pressure; DES, Distal esophageal spasm; IBP, Intrabolus pressure.





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Dysmotility in Eosinophilic Esophagitis



		Types of Motility Patterns Seen in Eoe



		Pathophysiological Basis of Dysmotility in Eoe



		Assessment of esophageal Dysfunction in Eoe



		Barium Contrast Study



		Esophageal Manometry



		Endoscopic Ultrasound



		EndoFLIP (Functional Luminal Imaging Probe)



		Effect of EoE Treatment on Esophageal Dysmotility







		EoE in Esophageal Atresia



		Summary



		Future Perspectives







		Conclusion



		Author Contributions



		References

















OPS/images/cover.jpg
’ frontiers
in Pediatrics

Dysmotility in Eosinophilic
Esophagitis





OPS/images/fped-10-853754-g001.gif





OPS/images/fped-10-853754-g002.gif
»h-—--ﬂleﬂ'—-'\h-—:if :
\ : E-

‘,\ M









OPS/images/crossmark.jpg
©

2

i

|





OPS/images/logo.jpg
, frontiers
in Pediatrics





