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Abstract
The future of minimally invasive treatment of gastroesophageal reflux disease (GERD) will be realized through 
collaborative precision medicine more than any foreseeable new technology. Multidisciplinary foregut societies are 
fostering the collaboration and expertise needed to provide a personalized treatment of GERD. Patient-centric 
therapy will consider combination therapies’ clinical successes. Taking a patient uncontrolled on medication to 
controlled via a combination of medicine and a procedure will replace the historical mutual exclusivity of acid-
suppressive medication or surgery as a treatment for GERD. Research directed at precision medicine will focus on 
subgroup analysis rather than randomized controlled trials. Recognition of the crural diaphragm as a reflux barrier 
which fails in GERD patients regardless of the presence of an axial hernia has resulted from modalities such as 3-D 
high-resolution impedance manometry, endoscopic ultrasound, functional luminal impedance planimetry. More 
precise patient selection for purely endoscopic therapies will be possible.The concept of hernia reduction will be 
replaced by calibration of the crural repair to restore its sphincteric function. Partnering a surgically calibrated 
hernia repair partnered with interventional gastrointestinal endoscopic reinforcement of the lower esophageal 
sphincter will foster physician alliances and offer patient-centric alternatives to traditional fundoplication. As such, 
laparoscopic Nissen Fundoplication will lose its historical primacy and be relegated to the most severe GERD. 
Magnetic sphincter augmentation (LINX®), varing degrees of partial fundoplication, and endoluminal therapies 
with or without hiatal hernia repair will become the mainstay of GERD AntiReflux Procedures. Radio Frequency 
modulation (Stretta®) may be an alternative to neuromodulators in treating the acid-sensitive esophagus. The 
nascent era of endoscopic robotics will improve precision, reproducibility and revive natural orifice transluminal 
endoscopic surgery.
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INTRODUCTION
Future developments in minimally invasive management of gastroesophageal reflux disease (GERD) will 
stem more from multidisciplinary collaboration leading to individualized, expert care than from novel 
technologies. Open discussion and consensus-building are replacing a historical enmity between surgeons 
(who regarded acid-suppressive medications (ASMs) as bad and thought patients were underserved by 
surgery) and gastroenterologists (who recognized the success of ASMs and dealt with train wrecks from 
improperly performed surgery).

Newly formed multidisciplinary societies such as the American Foregut Society (AFS) and the European 
Foregut Society have promoted collaboration and consensus-building between gastroenterologists and 
foregut surgeons. Within the AFS, the committees, meetings, educational programs, and social media are 
co-chaired by surgical and medical specialists. An expert-moderated forum for case presentation discussion, 
DocMatter, has similarly allowed gastroenterologists and surgeons to weigh-in on patient-centric care. 
AFS’s journal Foregut completed its first year of publication in 2021 and is co-edited by both surgeons and 
gastroenterologists from the United States and Europe. These efforts are moving the bar towards 
specialization and patient-centric precision medicine.

The preceding articles in this issue highlight the need for and presence of minimally invasive antireflux 
procedures (ARPs) to address the needs of patients with incomplete control of GERD yet unwilling to 
undergo a laparoscopic Nissen fundoplication. Research using precision medicine principles is needed to 
properly select which patients will benefit most from these varied ARPs.

GERD is not one disease; it encompasses a spectrum from reflux burden to perceptive response [Figure 1]. 
Reduced quality of life stems from anatomic, physiologic, and cognitive factors, which often overlap in the 
same patient. Addressing all of the appropriate elements in a given patient will result in improved 
outcomes. The dichotomy of PPIs or surgery is being replaced by individualized combinations of 
interventional and medical therapies. Having an ARP need not mean medical therapy has “failed”, and 
medication use in conjunction with an ARP may be what is needed for a therapeutic victory. To achieve 
these goals entails collaboration between surgeons, gastroenterologists, and other specialties.

Clear evidence supports the need for specialization in foregut disease, especially interventional 
procedures[1]. The American Fellowship Council has an approved foregut surgery fellowship and is 
developing a similar foregut path for gastroenterologists.

Convergent interventional foregut endoscopy such as per oral endoscopic myotomy, with both surgeons 
and gastroenterologists performing the procedure, has created a common meeting place for 
gastroenterologists and surgeons.

STATE OF THE EVIDENCE AND PRECISION MEDICINE
Precision medicine is a medical model that proposes the customization of healthcare, with medical 
decisions, treatments, practices, or products being tailored to a subgroup of patients, instead of a one-drug-
fits-all model[2].
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Figure 1. Depiction of related elements of GERD that result in reduced quality of life. GERD: Gastroesophageal reflux disease.

Although randomized controlled trials (RCTs) are considered the “gold standard”, they are increasingly 
infeasible, and the need for pragmatic trials is advocated by leading gastroenterologists[3]. What constitutes 
the comparator for new technology is also open to debate: is it PPIs - which are the gold standard medical 
therapy - or laparoscopic Nissen fundoplication - essentially grandfathered in as no competing technologies 
existed when introduced?

If GERD is not one disease, there cannot be a “gold standard” treatment. Future research will benefit from 
this concept. RCT are designed to study equal and therefore homogeneous groups; the endpoints 
hypothesize superiority of the treatment group. Subset analysis is subsumed in this final endpoint (e.g., one 
group may have more reflux yet fewer side effects, the conclusion is that both interventions are equal[4,5]). 
RCTs may be useful in evaluating new therapies. More recent concepts of precision medicine look at 
defining which therapy is best for a given subgroup. Future research using the precision medicine model is 
needed to evaluate which ARP is best for a given patient. This will entail changes in research endpoints, 
methodology, and provider approach to care.

Historical research endpoints and precision medicine
ARP outcomes research has frequently used three measures of outcomes: (1) improvement in GERD-health 
related quality of life (GERD-HRQL); (2) cessation of daily proton-pump inhibitor (PPI) use; and (3) pH 
normalization. All three have flaws that should be addressed in future studies to enable individualized 
therapies.

The symptom which is best relieved by antireflux procedures and least well improved by PPIs, regurgitation, 
is not assessed by the GERD-HRQL, which has been the most frequently used quality of life assessment in 
studies of ARPs. Recent studies have measured regurgitation with the Reflux Disease Questionnaire, as well 
as the Foregut Symptom Questionnaire, the Gastroesophageal Reflux Symptom Scale, and a Regurgitation 
score adapting the GERD-HRQL grading but substituting “regurgitation” for “heartburn”[6]. Beyond missing 
the cardinal symptom that best selects patients for ARPs, the GERD-HRQL (and other Quality Of Life 
surveys) are not designed to evaluate side effects and patient satisfaction carefully, especially in relation to 
pre-existing patient disease states.
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Cessation of PPI use has been an endpoint of almost every study of ARPs. This may seem a reasonable goal 
for a patient undergoing a more invasive therapy, one relatively easy to assess in study design, and in the 
current milieu of suspicion of PPI safety is a not infrequent reason for patient consultation. Beyond the flaw 
that up to 25% of patients resuming PPIs have normal pH tests or may be taking PPIs without clinical 
benefit (neither of which are routinely assessed in study protocols)[7], it assumes that dual-modality therapy 
constitutes a failure of an ARP. The majority of patients appropriate for interventional treatment of GERD 
have an incomplete response to medical therapy (vs. complete response or no response at all). For an 
intervention to result in a patient who is uncontrolled on medical therapy at baseline to controlled on 
medical therapy post intervention should be considered a therapeutic victory. Study design going forward 
should take this into account.

Normalization or improvement of esophageal pH is a valid objective measure that an intervention alters the 
reflux mechanism and is important in a new technology to validate that symptomatic improvement is not 
purely a sham effect. However, pH normalization has not been shown to correlate with symptomatic 
improvement[8]. Improvement in pH as an endpoint also begs the question of whether dual-therapy 
(intervention + medical therapy) is a reasonable endpoint.

THE DIAPHRAGMATIC SPHINCTER AND TRANSORAL THERAPIES
The ability of the crural muscular sling to create a barrier to reflux was recognized by Allison and Collis; 
their surgical procedures focused exclusively on restoring the crural sling[9,10]. The importance of restoring 
the crural sphincter was largely overlooked in the era of fundoplication; repair of the hernia was merely a 
mechanism to discourage migration of the fundoplication into the chest[11].

To the author’s knowledge, no purely endoscopic therapy has resulted in over 60% long-term normalization 
of esophageal pH. This may be a limitation of the devices or techniques to enhance the intrinsic lower 
esophageal sphincter. However, an intriguing and unresolved question regarding purely endoluminal 
therapies is the degree to which the crural diaphragm must be intact to have a successful result. 
Traditionally an axial extent of greater than 2 cm has been an exclusion (without any validating studies), 
although the transverse dimension of the hiatus > 2 cm, and Hill grade 3 or 4 have been proposed as 
exclusions.

High-resolution manometry has increased our understanding of the crural component of the lower 
esophageal high-pressure zone. Xiao used 3-D high-resolution impedance manometry (HRIM) to compare 
31 pH+ GERD patients without hiatal hernia to 20 controls. Patients with GERD had a significantly lower 
crural diaphragmatic hiatus apex (DHa) contribution to the high-pressure zone than controls (20.3 vs. 
30.7 mmHg)[12]. Souza compared the esophagogastric junction contractile index (EGJ CI) of 20 GERD 
patients with esophagitis, 11 without a hiatal hernia, to 41 controls. During normal respiration, the EGJCI of 
GERD patients was similar to controls. However, inspiration against a resistance of 12-48 mmHg 
demonstrated a significantly lower EGJ CI in GERD than controls (roughly 135 vs. 168 mmHg-cm). 
Endoscopic ultrasound in this same group found the crural diaphragm thinner in GERD patients[13]. 
Patients who exhibit a transient post-swallow hiatal hernia had a 56% likelihood of having an abnormal pH 
test than those who did not (25%)[14].

The above studies demonstrating frequent crural deficiencies in patients without a hernia may explain why 
some patients fail pure endoluminal approaches even when the final result looks satisfactory. A clue may 
come from a study utilizing high-resolution manometry evaluation of the esophagogastric junction (EGJ) in 
GERD patients, which found that inspiratory augmentation of the EGJ pressure was the only independent 
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predictive factor associated with GERD, “suggesting that factors independent of lower esophageal sphincter-
crural diaphragm (LES-CD) separation are important in maintaining CD function. These factors may be 
related to the radial dimensions or distensibility of the hiatal canal or the thickness and elasticity of the CD 
itself[15].”

Crural repair has been demonstrated to restore a significant portion of the reflux barrier. Louie et al. 
performed intraoperative manometry with separate assessment of pressure and length changes due to crural 
repair and Nissen fundoplication. Crural repair and fundal wrap contributed equally to increased sphincter 
length, although crural closure appeared to contribute more to sphincter pressure[16]. Intraoperative 
functional luminal impedance planimetry (FLIP) evaluation of EGJ distensibility demonstrated that 
Diaphragmatic re-approximation had a higher percent contribution to distensibility (79% vs. 21%), Cross-
Sectional Area (82% vs. 18%), and high pressure zone length (60% vs. 40%) than sphincter augmentation, 
whether by fundoplication or magnetic sphincter augmentation (MSA)[17].

Clinical confirmation of the importance of restoring the crural sphincter came from studies of MSA. 
Patients who underwent obligatory dissection and hiatal repair, regardless of the presence of a hiatal hernia, 
fared better by multiple measures compared to patients without obvious hernia who had MSA placed using 
minimal dissection without cruroplasty [Table 1][18,19]. These MSA studies and two small studies of transoral 
incisionless fundoplication (TIF) combined with a laparoscopic hiatal hernia repair[20,21] provide clinical 
confirmation that failure or inability to restore the crural sphincter may be an inherent limitation of 
endoscopic therapies, regardless of the presence or absence of a hiatal hernia.

C-TIF (combined TIF)
The intriguing concept of combining a laparoscopic hiatal dissection and repair with a transoral 
fundoplication (C-TIF) has opened avenues for discussion and collaboration between gastroenterologists 
and surgeons. Whether the results will surpass a laparoscopic partial fundoplication in terms of success, 
durability, and side effects remains to be seen. Endoscopic TIF has a minimal side effect profile regarding 
dysphagia and gas-bloat similar to that seen with a 90-to-120-degree fundoplication[22]. An ongoing study 
comparing C-TIF to laparoscopic Nissen fundoplication (ClinicalTrials.gov NCT04795934) will help answer 
these questions, though some would argue the better comparator would be to a partial 90-to-120-degree 
laparoscopic fundoplication.

CALIBRATION OF THE HIATAL REPAIR
Recognizing the importance of restoring the crural sphincter brings about new questions regarding 
calibration of the hiatal repair during laparoscopic surgery. Historically laparoscopic techniques relied on a 
bougie or visual inspection of the hiatus with an undistended esophagus to size the hiatal repair. Given the 
supra-physiologic efficacy of a Nissen or partial fundoplication, the goal was to minimize the potential for 
recurrence without risking dysphagia[23]. The robustness and laxity of the crura vary greatly between 
patients, consistent with the recognition of a connective tissue defect in GERD patients[24]. Methods to assess 
the distensibility utilizing impedance planimetry (EndoFLIP) may have a role in appropriate calibration of 
the repair[25].

FUTURE TECHNOLOGIES
A novel implant [RefluxStopTM (Implantica, Zug, Switzerland)] has undergone clinical trials in Europe with 
promising early results [Figure 2].
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Table 1. Patients who underwent obligatory dissection with hiatal repair, regardless of absence or presence of a hiatal hernia, fared 
better by multiple measures compared to patients without obvious hernia who had MSA placed using minimal dissection without 
cruroplasty[16,17]

Minimal dissection Obligatory repair

Recurrent GERD 17.1% 2.3%

New-onset dysphagia 7.1% 0%

EGD device herniation 9.6% 0.0%

EGD recurrent/persistent hiatal hernia 8.3% 0.0%

EGD recurrent/persistent hiatal hernia > 2 cm 8.3% 3.7%

Device removed 8.3% 3.7%

Repeat hiatal hernia repair +/- LINX removal 6.6% 0.0%

GERD: Gastroesophageal reflux disease; EGD: esophagogastroduodenoscopy; MSA: magnetic sphincter augmentation.

Figure 2. RefluxStop 24-h pH monitoring at baseline and 6 months post-opera = on. 24-h pH monitoring mean reduc = on from 
baseline of 16.35% to 0.80% at 6-month visit. Normal 24-h pH results in 98% of subjects. From Bjelovic et al. permission obtained for 
publication[26].

RefluxStopTM aims to block the movement of the lower esophageal sphincter (LES) up into the thorax and 
keep the angle of His in its original, anatomically correct position [Figure 3][26].

Devices placed with laparoscopic surgery around the lower esophageal sphincter designed to have a similar 
physiologic function as the magnetic sphincter augmentation device (LINX®) have been considered; to the 
author’s knowledge, none are under human investigation at this time.

Robotic surgery using platforms such as the DaVinci have the potential to improve high mediastinal 
dissection. Robotic simulators can build skills outside the operating room, and ergonomics can lengthen a 
surgeon’s career. Computer-assisted analysis may enable better reproducibility of procedures.

New robotic endoscopic devices may provide the technical prowess to perform endoscopic hiatal hernia 
repair. If they do, it will be a game-changer in the potential for purely endoscopic ARPs.

DISCUSSION
With the premise that a given ARP provides reasonable control of reflux, then personalized selection of the 
appropriate ARP will involve understanding patient symptoms and expectations, potential side effects, 
invasiveness, durability, disease seriousness, response to medical therapy, and severity of injury among 
other factors.
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Figure 3. the RefluxStop device is positioned at the fundus and enclosed by sutures. From Bjelovic et al..permission obtained for 
publication[26].

Study endpoints must be reevaluated. Resumption or continuation of medical therapy post an antireflux 
procedure is not a failure if the combination therapy results in a better outcome than either alone. Quality 
of life surveys designed to precisely evaluate the side effects of therapy are needed. Subset analysis is key to 
precision medicine and requires pragmatic trials, not RCTs.

Foregut medicine is a specialty that requires the multidisciplinary approach of societies such as the 
American Foregut Society and European Foregut Society. Specialization will provide new insights into best 
practices for personalized care and foster the expertise needed for optimal care of GERD patients.
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