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Abstract

Background and Aims: Gastroesophageal reflux disease (GERD) is the most common
esophageal disorder worldwide and a progressive condition leading to Barrett’s esophagus
and adenocarcinoma. Continuous medical therapy with proton pump inhibitors fails to
restore the antireflux barrier and is unable to relieve symptoms in up to 40% of patients. A
tailored and standardized antireflux surgical procedure may increase cure rates and meet
patient expectations. Methods and Results: Antireflux surgery aims to reestablish the
natural antireflux barrier, which includes the diaphragmatic crura, the lower esophageal
sphincter (LES), and the angle of His along with the gastroesophageal flap valve. For
decades, the Nissen total fundoplication has been the primary procedure and remains the
gold standard for surgical treatment. Alternatives such as Toupet partial fundoplication,
Dor partial fundoplication, and the magnetic sphincter augmentation (LINX™) procedure
have been developed to mitigate side effects like dysphagia, gas-bloat syndrome, and
the inability to belch or vomit. Recent clinical findings regarding a novel procedure,
RefluxStop™, indicate that restoring the gastroesophageal flap valve, in conjunction with
anterior fundoplication and a silicone device for stabilizing the LES beneath the diaphragm,
can achieve lasting reflux control and enhance patient-reported outcomes. Conclusions:
The planning of healthcare services and actionable strategies to improve equity and quality
of treatment is critical to address the global burden of GERD. Modern laparoscopic surgery
for GERD is safe and effective and should be performed in centers offering a complete
diagnostic pathway and specific surgical techniques tailored to the individual GERD
phenotype. Shared decision-making between the surgeon and the patient is essential for
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the choice of operation. A personalized approach can offer clinical benefits over total
fundoplication and improve patient-reported outcomes.

Keywords: gastroesophageal reflux disease; hiatus hernia; global healthcare; Barrett’s
esophagus; antireflux surgery

1. Epidemiology
Gastroesophageal reflux disease (GERD) is the most common esophageal disorder

worldwide. The estimated prevalence is 8.8–25.9% in Europe and 18.1–27.8% in North
America [1]. The disease burden is high, with significant geographic variations and about
1.03 billion individuals suffering from this condition globally [2,3]. The mean estimate
of age-standardized prevalence ranges from 4.4 to 14.0 cases per 100,000 people, and the
global burden of GERD has increased by 18.1% from 1990 to 2017 as a result of aging,
an increase in the proportion of younger patients, and the obesity epidemic. Overall,
GERD is a public health challenge associated with life-long symptoms, impaired quality
of life, and an estimated 0.7% disability rate, with the years lived with the disability
having increased by 67% [4]. The disease burden is more pronounced in less developed
countries [5]. In a population-based study, 31% of the subjects reported GERD symptoms
during the previous week, and 54% of those taking daily proton pump inhibitors (PPIs) had
persistent symptoms [6]. One-third of patients present with disruptive GERD characterized
by frequent/severe reflux. Compared to those with non-disruptive GERD, these individuals
have 2.4-times higher rates of absenteeism, 1.5-times lower sleep quality scores, 1.1-times
lower mean summary scores of physical and mental health, and 1.3-times lower scores of
psychological and general well-being [7].

2. Pathophysiology and Clinical Course
Symptoms and complications in patients with GERD are associated with anatomic

and functional abnormalities involving the lower esophageal sphincter (LES), the crural
diaphragm, and/or the gastroesophageal flap valve [8,9]. A defective antireflux bar-
rier may result from a hypotonic or short LES, an altered geometry of the angle of His–
gastroesophageal flap valve, and/or a hiatal hernia, which may aggravate GERD by
delaying the clearance of the herniated gastric pouch. Large paraesophageal hernias may
cause obstructive symptoms due to gastric volvulus, dyspnea due to pulmonary and car-
diac compression, and/or anemia secondary to bleeding from Cameron ulcers [10,11]. In
addition, defective esophageal peristalsis and/or a reduced salivary production allow acid,
pepsin, and biliary acids to stay in the esophageal lumen for prolonged periods of time after
reflux events, aggravating esophageal mucosal damage. GERD is often a progressive con-
dition, possibly associated with severe complications such as peptic stricture, pulmonary
fibrosis, and Barrett’s esophagus [12,13]. In a case–control study, an association between
frequent GERD symptoms and esophageal adenocarcinoma (EAC) was demonstrated [14].
Data from the PROGERD study on 2721 patients with esophagitis grade A-B or C-D who
completed the 5-year follow-up showed progression to Barrett’s esophagus in 12% and
19.7% of patients, respectively, despite symptomatic control under routine medical care
with PPIs [15]. Finally, data from the Globocan 2020 study show that 141,300 new (EAC)
cases are expected by 2040 [16].
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3. Clinical Presentation and Diagnostic Approach
The diagnosis of GERD may be challenging due to the co-existence of typical and

atypical symptoms and the suboptimal accuracy of the currently available diagnostic tests.
Heartburn and regurgitation, the two most common typical symptoms, have low sensi-
tivity and specificity. Response to an initial trial of PPI therapy neither rules in nor rules
out GERD as the cause of persistent symptoms [17]. On the other hand, a lack of typical
symptoms is common in elderly patients and in patients with established Barrett’s esopha-
gus [18]. Extra-esophageal syndromes with laryngopharyngeal and pulmonary symptoms
(dysphonia, globus sensation and mucus clearing in the throat, chronic cough, and asthma)
are considered to be atypical manifestations and have a remarkably high prevalence in
patients referred for GERD [19]. An interdisciplinary approach (gastroenterologist, otorhi-
nolaryngologist, pneumologist, allergologist, psychologist, and foregut surgeon) is highly
recommended to optimize the diagnostic pathway and management of these patients.

The majority of patients with suspected GERD who are refractory to PPIs need an
extensive diagnostic assessment to document the presence of pathologic reflux, define the
extent of anatomical and physiological derangement of the esophagogastric junction, and ex-
clude other pathological conditions such as achalasia, eosinophilic esophagitis, rumination,
and gastroparesis. In clinical practice, besides symptom evaluation with validated ques-
tionnaires such as the GERD-HRQL (Gastro-Esophageal Reflux Disease–Health-Related
Quality of Life), appropriate testing should include esophagogram, esophageal manometry,
and ambulatory pH/impedance monitoring. While the absence of esophagitis does not
exclude GERD, the identification of a hiatus hernia can be associated with increased reflux
burden. Conclusive evidence of GERD includes Los Angeles grades B, C, and D, esophagi-
tis, total acid exposure time >6% to PPIs (in 24 h studies or ≥2 days wireless studies), or
total acid exposure time 4–6% to PPIs with the addition of >80 reflux episodes and/or mean
nocturnal baseline impedance <1500 Ohm in impedance monitoring [20]. Patients with
extra-esophageal complaints and manifestations of GERD should be carefully investigated
to determine the interplay between objective evidence of reflux, visceral hypersensitivity,
and hypervigilance with abnormal symptom perception. Laryngopharyngeal reflux (LPR)
is associated with non-specific symptoms and signs that should be assessed with validated
patient-reported outcome questionnaires, such as the RSS (Reflux Symptom Score), and
validated clinical instruments such as the RSA (Reflux Sign Assessment). However, these
symptoms are not predictive of LPR objectively measured in a hypopharyngeal–esophageal
multichannel intraluminal impedance–pH (HEMII-pH) study, due to the gaseous nature of
most pharyngeal reflux events. While some alternative tests (e.g., salivary pepsin analysis
and oropharyngeal pHmetry) have been developed, HEMII-pH monitoring is considered
the gold standard test to demonstrate esophago-pharyngeal reflux events according to the
IFOS consensus [21], whereas the Lyon 2.0 consensus and AGA experts still recommend
24 h esophageal multichannel intraluminal impedance–pH or 96 h esophageal wireless pH
monitoring [20,22].

4. Rationale and Implementation of Surgical Therapy for GERD
Lifelong acid suppression therapy with PPIs is ineffective in up to 40% of GERD pa-

tients, may increase the risk of Clostridium Difficile infection, and inhibit the absorption of
some medications and important nutrients [23]. Therefore, GERD is a chronic disease with
a substantial load of refractory symptoms and a negative impact on worldwide healthcare
resource utilization and patients’ quality of life [24,25]. For the above reasons, it is quite
surprising that laparoscopic antireflux surgery has not been fully adopted by the medical
community or the public, predominantly due to bad publicity and fear of adverse out-
comes. Despite its low morbidity and mortality rates, and very good long-term outcomes in



Therapeutics 2025, 2, 12 4 of 12

referral centers [26], surgery remains underused or restricted for patients with long-lasting
symptoms, severe esophagitis, and/or large hiatal hernia [27,28]. As a consequence of the
burden of PPI-refractory symptoms, a lack of referral to surgery consultation, and the reluc-
tance of patients to undergo surgical therapy, a large therapy gap still exists, and antireflux
surgery is actually applied in less than 1% of the patient population (Figure 1) [29,30].
The Nissen total fundoplication has long dominated the scenario of surgery and is still
considered the most effective surgical technique for GERD [31]. However, observational
and randomized clinical trials have demonstrated that the outcomes of partial fundopli-
cations compare favorably with those of the Nissen in terms of symptom control, carry
less risk of side effects, and may be adapted to the individual GERD phenotype [32]. The
anatomical integrity of partial fundoplications may disappear over the follow-up, but this
may be related to technical variability and surgical expertise [33]. For a surgeon to become
competent and proficient, high-quality technological equipment and structured training
under supervision in the simulation laboratory and operating room are necessary. In fact,
laparoscopic fundoplication is a complex procedure that requires adherence to a core set
of fundamental surgical principles, a structured training curriculum, and a well-defined
learning curve [34].

Figure 1. Exemplification of the concept of existing “therapy gap” between medical and surgical
treatment of GERD. A large proportion of patients (40%) receive incomplete symptom relief from
PPIs. Most of these patients are not referred for or refuse laparoscopic fundoplication, which may not
be the ideal surgical procedure in early, uncomplicated disease. In real life, only a small proportion of
patients (about 1%) undergo antireflux surgery (ARS).

A systematic review indicated that improved patient outcomes correlate with superior
technical performance, and that a direct evaluation of technical skills is more effective
than relying on surrogate outcome variables [35,36]. Additionally, the selection of surgical
technique should be informed by the disease phenotype, involving shared decision-making
with the patient for a personalized approach [37–39]. Common GERD symptoms, an abnor-
mal 24 h DeMeester pH score of PPIs, and a favorable clinical response to acid suppression
therapy with PPIs are reliable predictors of successful laparoscopic antireflux surgery [40].
Although the evidence level is low, carefully selected patients with persistent LPR symp-
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toms may still gain advantages from antireflux surgery [41–45]. A flowchart approach to
managing refractory GERD, reflecting the American College of Gastroenterology’s recom-
mendations, is illustrated in Figure 2.

Figure 2. Management flowchart reflecting the current recommendations of the American College of
Gastroenterology for the management of refractory GERD. Adapted from [46], Copyright 2022.

5. Innovative Surgical Therapies
Novel surgical procedures have been more recently devised as an alternative to both

total and partial fundoplications in an attempt to achieve a better trade-off between the
control of reflux symptoms and the risk of serious side effects. These techniques are based
on the use of prosthetic materials to augment the LES and increase the durability of the
antireflux procedure over time. Discussing the potential pros and cons of any innovative
surgical procedure with the patients is critical to calibrate expectations, reduce anxiety re-
lated to the implant of the foreign body material, reduce decision regret scores, and improve
outcomes. Therefore, effective communication skills are required to personalize therapeutic
strategies and align treatment decisions with the patient’s needs and expectations [47–49].

The Magnetic Sphincter Augmentation procedure (LINX TM) was originally designed
as a gastric-sparing operation not requiring division of the short gastric vessels and indi-
cated in young patients with progressive GERD. The procedure is performed laparoscop-
ically and consists of implanting a ring of magnets around the esophagogastric junction
(Figure 3). In the absence of hiatal hernia, only a limited dissection with preservation of the
phrenoesophageal ligament is necessary [50].

This procedure, particularly when combined with crural repair, effectively alleviates
GERD symptoms and reduces the need for PPIs, normalizes esophageal acid exposure,
and enhances patient-reported outcomes and quality of life [51]. A randomized clinical
trial comparing LINX to PPIs demonstrated that LINX is superior in managing moderate
to severe volume regurgitation and decreasing esophageal acid exposure [52]. However,
contraindications for using high-power Tesla (>1.5 T) magnetic resonance imaging pose
a potential limitation. The device can be laparoscopically removed if necessary, allowing
for future fundoplication or other treatments. Instances of safety issues like device erosion
or migration have been rare and not linked to mortality [53,54]. Follow-up data over
twelve years from a single institution indicated a decrease in the GERD-HRQL score from
19.9 to 4.0, a drop in the prevalence of grade 2–4 regurgitation from 59.6% to 9.6%, and a
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79% PPI discontinuation rate. The mean time pH < 4 was reduced from 9.7% to 4.2%. Four
patients who underwent radiofrequency ablation for Barrett’s without dysplasia prior to
the implant showed normalized esophageal acid exposure after surgery, with up to eight
years of follow-up revealing no recurrence of intestinal metaplasia. Favorable outcomes
were predicted by age <40 years at intervention and a total GERD-HRQL score > 15 [55].
Patients must have adequate esophageal contractility to overcome the resistance posed by
LINX and its fibrous capsule [56]. While pneumatic dilation is effective for about two-thirds
of patients with ongoing postoperative dysphagia, device removal may be necessary in
some [57]. It is advisable to identify manometric abnormalities preoperatively to assess
patients at risk of persistent dysphagia. Sufficient peristaltic reserve following multiple
rapid swallows was linked to a lower incidence of dysphagia after the LINX procedure [58].
In a multicenter study involving 210 patients, factors such as ineffective esophageal motility,
age > 45 years, preoperative dysphagia, device size <15 beads, and <40% intact swallows
on preoperative manometry were significant independent risk factors for postoperative
endoscopic dilation or device removal. Patients needing removal had a distal contractile
integral of <200 mmHg and <20% intact swallows [59].

 

Figure 3. The LINXR procedure. After excluding the posterior vagus nerve (A) and sizing the distal
esophagus (B), the magnetic sphincter augmentation device is placed at the esophago-gastric junction
(C). The magnetic force between the beads decreases upon swallowing to accommodate the bolus; in
the resting position, the magnetic bonds of the device augment the resistance of the lower esophageal
sphincter to prevent reflux.

The RefluxStop™ procedure was designed to stabilize the esophagogastric junction
(EGJ) by laparoscopically implanting a small silicone device above the lower esophageal
sphincter (LES) in a pocket of the anterior gastric fundus. Key technical steps for safe
implantation include extensive esophageal dissection, cruroplasty, enhancing the angle of
His, and creating an anterior fundoplication [60]. Adequate fundoplication and proper
invagination of the prosthetic device require division of the short gastric vessels and the full
mobilization of the posterior fundic wall. This procedure aims to stabilize the esophagogas-
tric junction by preventing upward movement of the LES during swallowing, by keeping
the angle of His in its anatomically correct position, and by restoring the gastroesophageal
flap valve (Figure 4). Early to medium-term outcomes have demonstrated its safety and
effectiveness. In a study of 50 consecutive patients, four-year results indicated no serious
adverse events related to the device, a 93.1% reduction in the average GERD-HRQL score
from baseline, and no significant dysphagia, with daily regurgitation improving by 97.9%.
The mean total time with pH < 4 dropped from 16.35% to 0.80% [61]. The RefluxStop
procedure has proven feasible, safe, and effective for patients with ineffective esophageal
motility [62,63] and those with large hiatal hernias or prior failed antireflux surgeries [64].
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It offers a favorable balance between reflux control and the risk of serious side effects, and
is expected to undergo further evaluation in randomized clinical trials soon.

Figure 4. The RefluxStopR procedure. After an esophagofundopexy is performed to approximate
the gastric fundus to the left side of the esophagus, an anterior 90◦ fundoplication is carried out to
restore the angle of His and the gastroesophageal flap valve. Following these preliminary steps, the
device is implanted within a gastric pocket on the cranial aspect of the fundus (A–D). This will hold
the lower esophageal sphincter in a stable position below the diaphragm.

6. Impact of Surgical Innovation on the Healthcare System
Raising awareness of GERD and promoting a global educational campaign to avoid

PPI overuse is key to reducing its individual, economic, and societal disease burden. In the
future, healthcare is likely to shift towards prevention and early intervention for chronic
conditions, and treatment options will be centered around the patient’s preferences and
self-defined quality of life [65]. Compared to lifelong acid suppression therapy with
PPIs, laparoscopic surgery can treat the root cause of reflux by targeting the individual
components of EGJ competence. Both the LINX and the RefluxStop procedures may
represent a safe and effective replacement modality of the total Nissen fundoplication in
selected patients with GERD. Therefore, it is necessary to increase awareness among all
stakeholders, including primary care physicians, gastroenterologists, general surgeons,
and patients, that surgical therapy is safe, effective, and constantly evolving. It is also
important that scientific societies update their guidelines in line with real-world scientific
evidence showing very encouraging data with the novel antireflux procedures [66]. Open
dialog and collaboration among foregut gastroenterologists and surgeons can improve
clinical care pathways and further promote research and innovation. This may help to
reshape the GERD management paradigm and reduce the existing gap between medical
and surgical treatments.

GERD represents a significant burden for the healthcare system in terms of absence
from work due to illness, sleep disturbance, and other disease-specific adverse events.
While the cost of pharmacological treatment is relatively constant over time, surgery
requires an initial investment, but becomes less expensive over time [67,68]. From an
economic perspective, the impact of introducing novel technologies has been evaluated
using budget models to compare the current medical therapy for refractory GERD with
future treatments, including a mix of patients treated with PPIs, laparoscopic Nissen
fundoplication, or the LINX procedure. Assuming a hypothetical insurance population
of 1 million members, the base case analysis over a 1-year time horizon estimated the
net cost savings with the introduction of the novel device [69]. Studies from the UK,
Sweden, and Switzerland using a Markov model and sensitivity analysis found that the
RefluxStop procedure provided a high number of quality-adjusted life years and had a
high likelihood of cost-effectiveness, with probabilities of 100% against PPI therapy and
93–96% against Nissen fundoplication [70–72]. The five-year budget impact of introducing
RefluxStop in Italy was estimated according to international best practice recommendations.
The results showed substantial clinical benefits, including avoidance of surgical failures,
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reoperation, and endoscopic dilations, at the expense of a marginal budget increase in
the annual spending on GERD treatment [73]. RefluxStop may be an effective alternative
to laparoscopic fundoplication. It is clear that appropriate patient selection and surgical
training are paramount in the adoption of novel surgical procedures to ensure the safety
and effectiveness of the intervention [74].

Surgery has been substantially neglected in global health programs, as investments in
non-communicable diseases are often expensive relative to other priorities, and yet millions
of necessary surgical procedures per year go unmet due to lack of surgical access [75]. As
for many chronic conditions, GERD is not included in the list of the Sustainable Devel-
opment Goals recommended by the World Health Organization [76]. On the other hand,
global health guidelines require the active participation and interaction of all stakeholders,
including health policy-makers, and transparent partnerships with industry [77]. A hierar-
chical cascade approach was recommended by the World Gastroenterology Organization
(WGO) in 2017 to provide context-sensitive and resource-sensitive options for GERD man-
agement on a global scale [78]. The WGO guidelines suggested that laparoscopic surgery is
applicable in high–medium-resource countries, only in patients with hiatus hernia or “vol-
ume reflux causing regurgitation, aspiration, stricture, or persistent nocturnal symptoms
despite PPI bid”. However, with these restrictive indications, modern antireflux surgery
is negated in a large proportion of symptomatic patients who would otherwise benefit
from a standardized and effective surgical procedure, which has the potential to improve
patient-reported outcomes and quality of life. Given the current worldwide burden of
GERD, a paradigm shift from lifelong medical therapy to minimally invasive surgical
therapy appears necessary. Surgeons should play a more active role in the evaluation of
new technologies by including patients in registries and clinical trials according to the
principles of the IDEAL framework [79]. It is also important that surgeons work closely
with epidemiologists, statisticians, economists, industry, colleagues from other specialties,
and primary care physicians to assess the patients’ outcomes and the cost-effectiveness
of the novel procedures. Finally, access to surgical care should be improved in low- and
middle-income countries, and patients should benefit from novel and affordable technolo-
gies. We can even imagine a future scenario where telesurgery and artificial intelligence
will play a role in assisting in or performing surgical interventions remotely in harmony
with the core principles of equitable and patient-centered care [80].

7. Conclusions
Shared decision-making between physicians and patients is essential to individualize

therapy and may significantly improve GERD outcomes. However, the global GERD
burden requires a call to action for optimizing healthcare services, improving the quality of
treatments, reducing variations in surgical practice, and breaking down geographical barri-
ers. Modern laparoscopic surgery can eliminate PPI dependency and be cost-effective, but
should be performed in centers offering a complete diagnostic pathway and personalized
surgical care. With the appropriate use of new technologies and reduction in the cost of
biomedical devices, healthcare barriers in the treatment of GERD can be further reduced to
provide more tailored and equitable antireflux therapy.
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