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Abstract 
Outcomes associated with magnetic sphincter augmentation (MSA) in patients with gastroesophageal reflux disease (GERD) have been reported, however the optimal population for MSA and the related patient care pathways have not been summarized. This Minireview presents evidence that describes the optimal patient population for MSA, delineates diagnostics to identify these patients, and outlines opportunities for improving GERD patient care pathways. Relevant publications from MEDLINE/EMBASE and guidelines were identified from 2000-2018. Clinical experts contextualized the evidence based on clinical experience. The optimal MSA population may be the 2.2-2.4% of GERD patients who, despite optimal medical management, continue experiencing symptoms of heartburn and/or uncontrolled regurgitation, have abnormal pH, and have intact esophageal function as determined by high resolution manometry. Diagnostic work-ups include ambulatory pH monitoring, high-resolution manometry, barium swallow, and esophagogastroduodenoscopy. GERD patients may present with a range of typical or atypical symptoms. In addition to primary care providers (PCPs) and gastroenterologists (GIs), other specialties involved may include otolaryngologists, allergists, pulmonologists, among others. Objective diagnostic testing is required to ascertain surgical necessity for GERD. Current referral pathways for GERD management are suboptimal. Opportunities exist for enabling patients, PCPs, GIs, and surgeons to act as a team in developing evidence-based optimal care plans. 
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Core Tip: While the outcomes associated with magnetic sphincter augmentation (MSA) in patients with gastroesophageal reflux disease (GERD) have been previously reported, the optimal population for MSA and the related patient care pathways have not been summarized. This review presents evidence that describes the optimal patient population for MSA, delineates diagnostics to identify these patients, and outlines opportunities for improving GERD patient care pathways. Current referral pathways for GERD management are suboptimal. Opportunities exist for enabling patients, primary care providers, gastroenterologists, and surgeons to act as a team in developing evidence-based optimal care plans.
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INTRODUCTION
Gastroesophageal reflux disease (GERD) is an inherently mechanical disease whose primary etiology lies in a weakened lower esophageal sphincter (LES)[1-5] which opens abnormally and allows the reflux of gastric content into the esophagus. The opening of the LES and reflux result from changes in gastric fluid pressure relative to abdominal pressure regulated by adjustments in the anatomical conformation of the sphincteric muscles[6]. Additionally, it is contended that the crura contribute to the competence of the anatomic anti-reflux mechanism[7-11]. The presence of a hiatal hernia adversely affects LES pressure, relaxation, and esophageal acid clearance. Furthermore, the frequency and duration of acid exposure in the esophagus is significantly impacted by the incidence of transient LES relaxations (tLESRs), and patients need to be considered for treatment with these mechanical aspects in mind[12-14]. 
Based on disease severity and responsiveness to medical management, some patients with GERD may benefit from surgical intervention. However, effective treatment of patients with GERD requires an awareness of the clinical spectrum of GERD, its varied symptomatology and potential complications, the reasons for referral, and the many treatment options available[15,16]. Sub-optimal referral of patients may affect the process of patient evaluation, treatment, and continuity of care, and can affect clinical outcomes and costs[17]. Despite multiple treatment options, a considerable number of patients with GERD have inadequate disease management[18]. GERD is inherently a multi-specialty disease and in order to ensure that the appropriate interventions are delivered efficiently, a better understanding of GERD patient care pathways is needed[19].
Treatment options for GERD vary depending on the progression and symptoms of their disease, however, there are currently three primary means of treating GERD: lifestyle changes, medical therapy, and surgical intervention[20]. Lifestyle interventions should be included as part of the therapy for GERD[15]. Counseling is often helpful to provide information regarding weight loss, head of bed elevation, tobacco and alcohol cessation, avoidance of late-night meals, and cessation of foods that can potentially aggravate reflux symptoms including caffeine, coffee, chocolate, spicy foods, highly acidic foods such as oranges and tomatoes, and foods with high fat content[15]. While medical therapy with anti-acid medications such as proton pump inhibitors (PPIs) is the mainstay of treatment that can control heartburn in the majority of patients, other symptoms such as regurgitation and respiratory symptoms may not be controlled, particularly in patients with compromised LES and/or hiatal hernias[2,21-23]. Although external factors such as inadequate dosing or nonadherence to treatment may play a role in PPI failure, persistent GERD symptoms despite anti-secretory drugs may be indicative of an incompetent LES that allows abnormal reflux of gastric content into the esophagus[1-5]. Endoscopic therapies for GERD have been developed but evidence for their long-term efficacy is limited[15]. These include radiofrequency augmentation to the LES, silicone injection into the LES, and endoscopic suturing of the LES[15]. Recent alternative approaches have included transoral incisionless fundoplication, a suturing device designed to create a full thickness gastroesophageal valve from inside the stomach[15]. Unfortunately, long-term data regarding efficacy of this device are limited to a small number of subjects and short duration of follow-up[15].
[bookmark: _Hlk8490583]Anti-reflux surgery is an option to better control symptoms and avoid lifelong medical therapy[24]. Currently, the de facto treatment option for surgical treatment of GERD is the laparoscopic Nissen Fundoplication (LNF) procedure[25]. LNF involves wrapping a portion of the stomach around the esophagus to reinforce the weakened LES. While LNF has long been associated with effective reflux control, it has several limitations: (1) It results in anatomical and physiological alteration of the fundus; (2) potential side effects including gas bloat and an inability to belch or vomit may occur[5,26]; and (3) the procedure is difficult to standardize and teach, resulting in variable efficacy[26,27]. Sixty-seven percent of patients undergoing LNF (54/87) reported new symptoms (i.e., excessive gas, abdominal bloating, dysphagia) after surgery[28]. LNF is associated with up to 15% reoperation rates and a cumulative surgery failure rate of up to 27.1%[26,29]. 
[bookmark: _Hlk8580731]An alternative to LNF is Magnetic Sphincter Augmentation (MSA). MSA with the LINX® Reflux Management System was FDA approved via the premarket approval (PMA) process and has shown beneficial effects in studies in diverse patient populations[27,30-44]. The LINX Reflux Management System is a laparoscopic, fundic-sparing anti-reflux procedure indicated for patients diagnosed with GERD as defined by abnormal pH testing, and who are seeking an alternative to continuous acid suppression therapy (i.e., PPIs or equivalent) in the management of their GERD. LINX is contraindicated in patients with suspected or known allergies to titanium, stainless steel, nickel, or ferrous materials. LINX is an implantable device consisting of a series of titanium beads, each containing a magnetic core connected with independent titanium wires that allows dynamic augmentation of the LES without compression of the esophagus (Figure 1). 
[bookmark: _Hlk8580331][bookmark: _Hlk8582562][bookmark: _Hlk8582100]The magnetic attraction of the device is designed to close the LES immediately after swallowing, restoring the body's natural barrier to reflux. Warren et al[45] demonstrated how a manometrically defective LES can essentially be restored to a normal sphincter with MSA, thus reestablishing the mechanical barrier to reflux. Compared to baseline, studies of patient outcomes with MSA have reported excellent pH control with more than 50% of patients normalizing pH scores at 1 year, and significant improvements in symptom scores and PPI usage at the 5-year interval[31,33,42]. A randomized control trial (RCT) compared LINX to twice-daily (BID) 20 mg omeprazole PPI demonstrated significant relief from regurgitation with LINX therapy compared to patients in whom the PPI dosage was increased from single to double-dose[44]. Overall, MSA has been demonstrated to be potentially safe and efficacious, reversible and reproducible, and associated with fewer side effects compared to LNF[30-41]. Importantly, MSA patients experienced improvement in regurgitation, PPI dependence, heartburn, and patient satisfaction that persisted for 5 years[30,35,40,44]. More than 75% of MSA patients experienced complete cessation of PPI use at up to 5 years[30,32-34,40,44,46,47]. The 5-year reoperation rate with MSA has been shown to range from 6.8%-7.0%[30,33]. The most common side effects of MSA were gas/bloating (26.7% with MSA vs 53.4% with LNF; P = 0.06) and postoperative dysphagia (33.9% with LINX vs 47.1% with LNF; P = 0.43)[35]. When performed responsibly and on appropriately-selected patients, MSA can be an important treatment to optimally control these patients’ reflux disease, thereby increasing their quality of life, and minimizing potential side effects.
In regards to the economic consequences associated with MSA, a meta-analysis by Chen et al[48] showed that MSA had a significantly shorter operative time (MSA and fundoplication: RR = -18.80 min, 95%CI: -24.57 to -13.04, and P = 0.001) and length of stay (RR = -14.21 h, 95%CI: -24.18 to -4.23, and P = 0.005) compared to fundoplication. A retrospective analysis of 1-year outcomes of patients undergoing MSA and LNF by Reynolds et al[36] showed that LNF and MSA were comparable in overall hospital charges ($48491 vs $50111, P = 0.506). The charge for the MSA device was offset by lower charges in pharmacy/drug use, laboratory/tests/radiology, OR services, anesthesia, and room and board. There were significant differences in OR time (66 min MSA vs 82 min LNF, P < 0.01) and LOS (17 h MSA vs 38 h LNF, P < 0.01).
While the outcomes associated with MSA have previously been evaluated, evidence describing the optimal population for MSA and the related GERD patient pathways have not yet been summarized. Proper patient selection is central to obtaining the best possible surgical outcomes in patients with GERD[5,15,19,49]. As such, the purpose of this review is to (1) describe the optimal population for MSA; (2) delineate the diagnostic evaluation necessary to identify those patients; and (3) assess gaps in patient care pathway and identify opportunities to improve care coordination. 
A narrative literature review was undertaken to obtain a comprehensive and critical analysis of the current knowledge on the topic. 

Data sources and searches
Comprehensive searches of the literature were performed using the Medline (PubMed) and EMBASE databases with the timeframe of January 1, 2000 to December 16, 2018. A search for guidelines available from the National Guideline Clearinghouse (NGS) was also conducted. Search terms utilized in the literature search included: ‘gastroesophageal reflux disease’, ‘GERD’, ‘refractory’, ‘surgery’, ‘magnetic sphincter augmentation’, ‘LINX’, ‘fundoplication’, ‘Nissen’, ‘pH monitoring’, ‘manometry’, ‘lower esophageal sphincter’, and ‘mechanical’. Reference lists of selected studies were also reviewed for possible additional articles.

Study selection criteria
Study and guideline inclusion criteria were publications that presented evidence for current treatment pathways of patients with GERD. Exclusion criteria included publication of abstracts only, case reports, letters, or commentaries; animal studies; languages other than English; duplicate studies; and studies that did not evaluate the patient population of interest (e.g., malignancy, any form of esophageal dysmotility, achalasia and scleroderma). After removing excluded abstracts, full articles were obtained, and studies were screened again more thoroughly using the same exclusion criteria. A total of 86 articles were identified for inclusion in this narrative review. Studies were assessed for quality; the study types (designs) used to address the research questions were: Level I – randomized controlled trials; Level II – prospective, non-randomized trials; Level III – retrospective comparative studies; Level IV – single-arm case series; and Level V – expert opinion.

FINDINGS-TARGET POPULATION AND REFERRAL PATHWAYS FOR MSA
Describing the target population potentially eligible for anti-reflux surgery
GERD can have significant potential complications such as erosive esophagitis, Barrett’s esophagus, and esophageal adenocarcinoma[50]. Persistent reflux symptoms, despite PPI therapy, have been associated with debilitating comorbidities including mental health disorders, sleep disorders, and psychological distress to patients[51,52]. Additionally, GERD is known to negatively impact health related quality of life, work productivity, and overall healthcare resource utilization[53].
While there is evidence that acid-suppressive drugs reduce the acidic content of refluxate, abnormal reflux continues and associated symptoms such as regurgitation and respiratory symptoms are often not controlled with medical management[54]. Between 30%-40% of patients on PPI therapy (even those on double-dose therapy) continue to experience heartburn or regurgitation symptoms despite adequate healing of esophagitis[55]. Treatment in clinical practice has been primarily focused on increasing escalation of the PPI dose and/or frequency, or supplementing with additional anti-acid medications[56]. In patients who failed twice daily PPI, alternative treatments range from lifestyle and diet modification, weight loss, medical treatment with a focus on controlling the frequency of tLESRs, attenuating esophageal pain perception using visceral analgesics, cognitive behavior therapy, and anti-reflux surgery[56]. As symptoms of GERD become increasingly severe and burdensome to the patient despite various treatment approaches, patients may be advised to seek, or may refer themselves for, surgical therapy[2,23,57]. 
A search of the Agency for Healthcare Research and Quality (AHRQ)'s National Guideline Clearinghouse[58] identified two clinical guidelines evaluating surgery for GERD: the American College of Gastroenterology (ACG) 2013 Guidelines[23] and the University of Michigan Health System (UMHS) 2012 Guidelines[59]. Both guidelines agree that: (1) surgery is a treatment option for patients with chronic reflux and refractory symptoms; (2) surgical therapy is generally not recommended for patients who do not have at least a partial response to acid reduction therapy; and (3) surgery appears to be more effective in patients with typical symptoms of heartburn and/or regurgitation than in patients with extraesophageal or atypical symptoms[23,59]. 
Reasons to refer GERD patients for surgery, including MSA, may include persistent symptoms despite medical therapy, desire to discontinue medical therapy, or presence of a large hiatal hernia[2,23,42]. It is important that MSA candidates have normal esophageal motility documented by high resolution manometry. This is to ensure enough esophageal power to break the magnetic bonds and allow the device to open, allowing for normal swallowing[23]. Potential surgical candidates for MSA are those GERD patients (14-20%[57] of U.S. population[60]) who, despite optimal medical management, continue to experience symptoms of heartburn and/or uncontrolled regurgitation [medically managed and refractory to lifestyle and pharmacological interventions (6.0%-24.0%)[22,55,61,62]], have abnormal pH off PPI (61.0%-71.0%)[63-67], and do not have esophageal dysmotility (88.0%-96.0%)[68,69]. Overall, among patients with GERD, the total eligible population for MSA is estimated to be in the 2.2%-2.4% range (Figure 2). 
[bookmark: _Hlk523849003][bookmark: _Toc497735222]Currently, it is estimated that only 0.1% of GERD patients[70] in fact undergo anti-reflux surgery. The reasons underlying the significant gap are multifactorial and would benefit from a more well-defined care pathway. Additional reasons to refer GERD patients for surgery include the desire to discontinue medical therapy, non-compliance, side-effects associated with medical therapy, and the presence of a large hiatal hernia[23,71]. In practice, patient identification and treatment are based on a combination of the guidelines[23,71], a robust preoperative work-up, and ultimately, physician assessment of patient symptoms and disease severity. 

DIAGNOSTICS TO DETERMINE SURGICAL ELIGIBILITY OF GERD PATIENTS
In order to appropriately identify those patients who might benefit from anti-reflux surgery, it is important that thorough testing be performed. Objective testing is required to confirm the diagnosis of GERD in patients being considered for surgery. Diagnostic testing is recommended for patients with GERD who do not respond to prior treatments, have symptoms suggestive of complications or other conditions (e.g., dysphagia, odynophagia, bleeding, anemia, weight loss), or are at risk for developing Barrett’s esophagus[23]. Typical pre-operative diagnostic testing includes esophagogastroduodenoscopy (EGD), ambulatory pH monitoring, esophageal high-resolution manometry, and esophagram (Figure 3)[23,57]. Each testing modality has a specific role in the diagnosis and evaluation of GERD, and no single test alone can provide the entire clinical picture[72]. 

[bookmark: _Toc497735223]EGD
The American Society for Gastrointestinal Endoscopy (ASGE)[73] and the American Gastroenterological Association (AGA)[57] recommend that EGD be performed for patients who have symptoms suggesting complicated GERD or alarm symptoms. Repeat EGD should also be performed in patients with severe erosive esophagitis after at least an 8-wk course of PPI therapy to exclude underlying Barrett’s esophagus and dysplasia[73,74].

pH monitoring
Ambulatory esophageal pH monitoring is critical to establish a diagnosis of GERD[75]. pH monitoring directly measures the extent and frequency with which acid refluxes into the esophagus and has been shown to be the most sensitive and specific test to objectively diagnose GERD[57,63]. pH-impedance monitoring also measures the proximal extent of reflux and can differentiate between acidic, weakly-acidic and non-acid reflux. 

[bookmark: _Toc497735224]Manometry
In addition to upper endoscopy and esophageal pH testing, a preoperative evaluation should include high resolution manometry to ensure normal esophageal motility[19,57]. Manometry measures the pressure in the upper and lower esophageal sphincters, determines the effectiveness and coordination of peristalsis, and detects abnormal contractions. Manometry can be used to diagnose esophageal motility disorders such as achalasia, esophageal spasm, and lower esophageal sphincter hypotension and hypertension[57]. 

TYPICAL CLINICAL PATHWAYS FOR GERD SYMPTOMS AND OPPORTUNITIES FOR IMPROVING CARE WITH MSA
The diversity of clinical presentations of GERD poses challenges for clinicians in primary and specialty care settings. As Figure 4 illustrates, GERD patients may present with a range of typical or atypical symptoms. Typical symptoms of GERD include heartburn, regurgitation, and dysphagia[2,23,76,77]. Although dysphagia can be associated with uncomplicated GERD, its presence warrants investigation for alternative etiologies, including underlying motility disorder, stricture, ring, or neoplasm[23,78]. Atypical GERD symptoms may include dyspepsia, epigastric pain, nausea, bloating, and belching[19,23]. Extraesophageal GERD symptoms include chronic cough, chronic laryngitis, and associated asthma symptoms[23,77,79,80]. Atypical symptoms may overlap with other conditions, complicating diagnosis and treatment. Distinguishing them from GERD with appropriate diagnosis is important[81]. 
There is significant room for improvement in GERD diagnosis and treatment, particularly among patients with atypical symptoms for optimal patient care and healthcare resource utilization[81-83]. A study from AHRQ demonstrated that hospitalizations for disorders caused by GERD rose 103 percent between 1998 and 2005[84]. As such, detailed investigations and objective measurements in patients with symptoms of GERD should be performed with the intent of making the correct diagnosis, thus enabling choice of appropriate therapy[85]. 

Clinical pathways
In addition to obtaining an accurate diagnosis of GERD and conducting a through evaluation of the esophagus, it is also important that algorithms for referral for diagnosis to treatment be defined. When the diagnosis is uncertain or when GERD symptoms do not resolve following self-treatment, patients often present to primary care providers (PCPs)[81]. Some research has shown that patients with chronic diseases may have better health outcomes when PCPs co-manage care with specialists[86]. Patients with GERD also often present to emergency rooms (ERs). In an AHRQ analysis of GERD hospitalizations, 69% of patients initially presented to the ER[84]. Patients with GERD may also seek care from otolaryngologists, allergists, immunologists, and pulmonologists, as it is estimated that 38%-51% of asthmatics have GERD[79], and approximately 60% of patients with obstructive sleep apnea may have GERD[52]. In some cases, referrals to anti-reflux surgery may be limited to only those patients with severe disease and large hiatal hernias[87]. Timely referral of patients to a specialist in GERD when empiric treatment is insufficient may lead to improved clinical management[88]. However, referral algorithms across the spectrum of medical and surgical options are not established. Those data indicate that improved education and disease state awareness are critical for recognizing symptoms suggestive of GERD, and for navigating patients through appropriate diagnostic pathways to ensure timely specialty referral[86]. As such, establishing an easily understood, evidence-based algorithmic approach to implement best practices would serve better inform patients and physicians alike[89,90]. 

CONCLUSION
[bookmark: _Hlk522619208]Optimal GERD management requires an emphasis on care coordination, improving healthcare quality through a patient-centered and evidence-based approach. An individualized approach to the GERD patient with a thorough understanding of optimal patient selection and patient referral to appropriate specialists is important for achieving desirable outcomes[15,49]. While lifestyle modifications and pharmacological therapy control symptoms for most GERD patients, there is a significant subset of patients whose symptoms are not adequately controlled. Objective testing is required to confirm the diagnosis, and to anatomically and physiologically evaluate the nature and severity of GERD and to help reveal the optimal patient treatment. For MSA surgery, the optimal population may be described and identified as a sub-segment of patient population who experience GERD symptoms of heartburn and/or uncontrolled regurgitation despite optimal medical management, have abnormal pH, and have normal esophageal motility. 
Management algorithms incorporating medical and surgical treatments of GERD are not established. Currently, only a small fraction of eligible patients benefit from anti-reflux surgery. Reasons underlying the gap between potential surgical candidates and real-world utilization of anti-reflux surgery have not been well studied. Further studies are needed to identify impediments to access to surgical options for eligible patients. Strategies that may narrow this treatment gap include: (1) improving PCP and gastroenterologist awareness of surgical guidelines; (2) improving physician training curricula with respect to the evolving anti-reflux surgery procedures (such as MSA); and (3) importantly developing an evidence-based, multidisciplinary referral network that includes the patient, the PCP, the gastroenterologist, and the surgeon. Such a network will empower both patients and providers access to all treatment options to optimally control their reflux disease, thereby potentially increasing the quality of life of patients and decreasing overall healthcare resource utilization. 
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Figure 1 LINX magnetic sphincter augmentation implantable device.
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Figure 2 Typical eligibility criteria for anti-reflux surgery procedures as patients progress from medical management to surgery.
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Figure 3 Patient diagnostics used in the evaluation of gastroesophageal reflux disease symptoms[23,61].



[image: ]Figure 4 Typical patient presentation in gastroesophageal reflux disease[89,90].
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