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Abstract: As an emerging treatment, esophageal anti-reflux stent has gradually become the palliative treatment of
choice for many digestive diseases due to its features of low trauma, high safety, and conformity to the physiological and
anatomical structure of the esophagus. This study presents a review of the latest clinical progress of esophageal anti-reflux

stents to provide theoretical references for subsequent studies.
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1. Introduction

With the improvement of national living standards, the incidence of digestive diseases is rising, and the esophageal
anti-reflux stent has also received widespread attention as an emerging therapeutic means >, The stent is mainly
used to relieve stenosis and obstruction at the lower esophagus and gastroesophageal conjunction and effectively
prevent complications such as reflux, and can be widely used in malignant stenosis of the esophagogastric
conjunction, pancreatic achalasia, gastroesophageal reflux disease, esophageal fistula, esophageal perforation,
esophageal diverticulum, and esophageal dysfunction and other diseases . It has gradually become the
preferred palliative treatment for some gastrointestinal diseases because of its characteristics of low trauma, high
safety, and conformity to the physiological anatomy of the esophagus. This study reviews the latest progress of
esophageal anti-reflux stents, introducing their mechanism of action, material selection, and clinical application.
Meanwhile, it looks forward to the development direction and application value of this field, and provides a

reference for further research on esophageal anti-reflux stents.
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2. Overview

The esophageal anti-reflux stent is used to reduce the incidence of reflux events by placing a structurally specific
stent at the gastroesophageal junction to form a physical barrier that enhances the pressure on the lower esophageal
sphincter and prevents gastric contents from refluxing into the esophagus. The principle is similar to that of
fundoplication in traditional surgery, but it is minimally invasive and has the clinical advantage of
significantly reducing the risk of treatment and shortening the postoperative recovery period **.

The structure of esophageal anti-reflux stents is generally consistent, typically consisting of two main
components: the stent body and an anti-reflux valve. The valve, added to the distal end of a traditional esophageal
stent, helps prevent gastric content reflux while maintaining esophageal patency. Currently, anti-reflux stent structures
mainly include windward pocket valve stents, tricuspid valve stents, and cardiac umbrella valve stents . Most of the
currently available stents are retrievable or adjustable, and they are designed by pulling a lasso cord attached to
one or both ends, or by using a dedicated retrieval device before complete endothelialization.

The stent surface can be fully coated, partially coated or bare stent. Uncoated stents are poorly histocompatible,
and their long-term placement can stimulate the normal mucosal tissue of the esophagus or tumor tissue proliferation
into the stent mesh, leading to restenosis of the stent . Commonly used coating materials for coated esophageal
stents include polyester, silicone, and polyethylene "". The surface of partially or fully coated esophageal stents
becomes smooth, and they are easily displaced or even dislodged after placement "*. Currently, the most widely
used clinical stent is the coated nickel-titanium metal stent, which has the advantages of good histocompatibility,
morphologic memory, and moderate elasticity. Coated SEMS is the stent of choice for the treatment of malignant
lesions in the esophagus, and its main advantage is that it can avoid inward tumor growth ">,

3. Esophageal anti-reflux stents in esophageal cancer

Esophageal cancer (EC) is the eighth most common type of cancer in the world, and its mortality rate is the
sixth most common malignant tumor worldwide "*’. Progressive dysphagia due to malignant obstruction of the
esophagus is the main symptom of advanced esophageal cancer, and more than half of the patients who seek
medical attention for dysphagia have already progressed to advanced esophageal cancer, losing the opportunity
for radical surgical resection "”. Among the various treatments for middle- and late-stage esophageal cancer,
esophageal stent placement has the unique advantage of instantly relieving dysphagia, and it is a safe and effective
method to improve the nutritional status of patients and enhance their quality of life """, In recent years, with the
improvement of manufacturing level as well as material science technology, a variety of anti-reflux stents have
been developed, and randomized controlled trials have been conducted to evaluate various types of esophageal
anti-reflux stents.

Sasso et al. included a total of 10 randomized clinical trials involving 467 patients with esophageal
cancer, in which self-expanding metallic stents with valve (SEMS-V) were placed in the study group (234
patients) and non-valve self-expanding metallic stents (SEMS-NV) were placed in the control group (233 patients)
. A self-expanding metallic stent with valve (SEMS-V) was inserted into 234 of these patients. The results
showed that both groups had safety and efficacy in esophageal cancer remission, and there was no statistically
significant difference in the incidence of GERD, dysphagia remission, technical success, stent displacement, and
obstruction after stenting. Dua et al. conducted a double-blind controlled study involving 60 patients with
malignant dysphagia, in which self-expandable metal stents (SEMS) and SEMS with tricuspid anti-reflux valves
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(SEMS-V) were implanted at the gastroesophageal junction. The results showed that both groups demonstrated
comparable outcomes in terms of dysphagia scores at 2 weeks and GERD-HRQL scores at 4 weeks 'Y, After
24 weeks of follow-up, no valve-related complications were observed in the SEMS-V group, and there was no
significant difference in GERD symptom scores between the two groups, suggesting that the antireflux valve may
have functional limitations, and not ruling out the possibility that the use of proton pump inhibitors may have
an interfering effect on GERD assessment. Although antireflux stents theoretically prevent reflux, the studies
by Sasso et al. and Dua et al. failed to confirm the clinical benefits of esophageal antireflux stents.

Shim et al. randomly assigned 36 patients with gastroesophageal junction cancer to placement of newly
designed self-expanding metal stents with anti-reflux mechanisms or standard open stents "', Technical success,
clinical efficacy, dysphagia scores, reflux symptoms, and complications were assessed one week after the
procedure with 24-hour ambulatory esophageal pH monitoring. Studies have shown that newly designed anti-
reflux stents are effective in relieving dysphagia caused by malignant cancers at the gastroesophageal junction,
as well as being more effective than currently available anti-reflux stents in preventing gastroesophageal reflux.
A Belgian study used the Niti-S double-coated anti-reflux stent . The study included 29 patients with malignant
esophageal stenosis who underwent Niti-S double-coated anti-reflux stent placement (30 stents in total). The
results of this study confirmed the significant efficacy of the stents on dysphagia and reflux symptoms, with no
stent migration observed, a low incidence of tissue overgrowth, and no serious complications such as perforation,
fistula, or food impaction. This study suggests that the Niti-S esophageal dual-coverage anti-reflux stent is a safe
and effective treatment option for malignant esophageal strictures. However, the results of this study are small, but
larger multicenter studies are needed to further validate its long-term efficacy.

4. Esophageal anti-reflux stents in pancreatic dysplasia

Pancreatic achalasia is a rare primary esophageal dyskinesia characterized by loss of function of the distal
esophageal and lower sphincter plexus cells, most commonly seen in the elderly population “”. Its pathogenesis,
in addition to histologic abnormalities, may be related to molecular inflammation and genetic factors, and its
clinical manifestations include dysphagia, regurgitation, chest pain, and weight loss. Currently, treatment options
for cardia dysphagia focus on lowering the resting pressure of the lower esophageal sphincter to help empty the
esophagus and relieve symptoms. Therapeutic measures include botulinum toxin injections, endoscopic balloon
dilatation or transoral endoscopic myotomy (POEM) as well as performing Heller myotomy and laparoscopic
surgery °". Stent placement has become an important alternative for refractory or inoperable patients. ~Stent
placement has minimally invasive and rapid results, a reversible design, and flexible therapeutic properties, which
can effectively relieve dysphagia, reduce reflux, and improve patients’ quality of life.

As early as 1996, De Palma et al. demonstrated the short-term efficacy and safety of removable
self-expanding metal stents for the treatment of cardia laxity **. In 2009, Tang et al. placed a perimetabolic
anti-reflux stent in 20 patients with cardia laxity, and all of them showed significant improvement in their
dysphagia, with only a few of them experiencing transient chest pain or a foreign-body sensation, and no
recurrence after a follow-up period of 8 to 30 months **. No recurrence was observed after 8-30 months of
follow-up, which strongly proved that the treatment of cardia dysphagia with periosteal anti-reflux esophageal
stent has the characteristics of convenient operation, few complications, safety, and good near-term
therapeutic efficacy. However, because of its unknown pathogenesis and mechanism, the long-term efficacy and

stent placement time
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need to be further observed.

A retrospective study involving 166 patients with achalasia of the cardia compared the outcomes of fully
coated anti-reflux metallic stent (FCARMS) implantation and peroral endoscopic myotomy (POEM) . The
results showed that FCARMS was comparable to POEM in short-term efficacy (< 6 months) and was more cost-
effective. However, POEM demonstrated significant long-term advantages (> 2 years), particularly in
patients evaluated with high-resolution manometry. However, long-term (> 2 years) POEM had a significant
advantage, especially in high-resolution manometry Il (HRM II) patients. This result suggests the need to
individualize the choice of stenting according to patient type, economic conditions, and treatment expectations.
The results suggest that stenting is a cost-effective and safe therapeutic option for cardia dystrophy.

5. Application of esophageal anti-reflux stents in gastroesophageal reflux disease

Gastroesophageal reflux disease (GERD) is a common disease of the digestive system in which gastric contents
(including gastric acid and digestive enzymes) reflux into the esophagus, causing uncomfortable symptoms or
complications *. GERD is widely prevalent worldwide, and according to the statistics, the global prevalence of GERD
ranges from 2.5% to 51.2%, with an average prevalence of 14.8%. According to statistics, the global prevalence of
GERD ranges from 2.5% to 51.2%, with an average prevalence of 14.8% . The main clinical symptoms are heartburn,
reflux, and atypical symptoms such as chest pain, dysphagia, cough, and recurrent pneumonia, as well as common
complications such as esophagitis, Barrett’s esophagus, and esophageal stricture **’. Its pathogenesis is mainly due to
esophageal sphincter (LES) dysfunction, decreased esophageal clearance, delayed gastric emptying, and weakened
esophageal mucosal defense mechanism. The current treatment is mainly to reduce gastric acid secretion, promote
the healing of esophageal mucosa, enhance the function of the lower esophageal sphincter by minimally invasive
means, reduce reflux, and rebuild the anti-reflux barrier through surgery . Anti-reflux stents have become a
novel option for some patients who are ineffective on medications and lifestyle modifications and cannot tolerate
surgery on their own. The use of esophageal anti-reflux stents in GRED has only been reported in case or small-
sample studies. Hirdes ef al. first reported the placement of a self-designed anti-reflux system (RCS) inside the
stent in 10 patients with gastroesophageal reflux despite esophageal stenting through the LES and in one patient
with severe bile reflux after esophageal jejunostomy and conducted a prospective follow-up study “*. The results
showed that placement of the RCS was technically feasible and safe, and that the RCS hardly migrated when
the appropriate diameter was selected, while the patients experienced a significant reduction in reflux symptoms.
However, the study had a small number of patients, a nonrandomized design, and lacked pH measurements. Its
clinical efficacy should be evaluated in a controlled trial. Qiu ef al. reported a study of symptomatic follow-up of
28 patients with CZES-type anti-reflux esophageal stents who had been followed up for more than two years .
The results showed that the CZES-type anti-reflux esophageal stent was effective in preventing acid reflux and

maintained good physical properties over a long period of time.

6. Conclusion

This study introduces the clinical application of esophageal anti-reflux stents in esophageal cancer,
pancreatic achalasia, and gastroesophageal reflux disease by reviewing the relevant literature on esophageal anti-
reflux stents. Anti-reflux stents have not yet been applied in large scale in clinical practice. However, as an

emerging therapeutic
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means, they have shown good anti-reflux effect and clinical application prospect. More prospective clinical

trials are needed to validate the anti-reflux stent in terms of material selection, design of anti-reflux structure,

exploration of indications, long-term efficacy, complication control, and timing of clinical application. Through

the continuous improvement of stent materials and design, as well as the combination of individualized treatment

and combined treatment strategies, it is expected that the therapeutic effect of esophageal anti-reflux stents will be

further improved in the future, and they may become the first-line treatment modality for the treatment of middle-

and late-stage esophageal cancer, pancreatic achalasia, gastroesophageal reflux disease, and other diseases.
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