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Background: Refractory gastroesophageal reflux disease (refractory GERD) is a
heterogeneous disease characterized by unresponsiveness or poor efficacy to
proton-pump inhibitors (PPls). This chronic disorder substantially weakens
patients’ mental wellbeing and quality of life, increasing the financial burden
on society. Multiple articles have been reported in this area. However, literature
involving scientometric analysis of refractory GERD is absent. Therefore, it is
necessary to understand the evolution of research themes and the main hotspots
of refractory GERD through bibliometric methods.

Methods: All documents related to refractory GERD based on the WOS Core
Collection from January 2000 to November 2023 were selected for analysis.
Citespace V 6.1 R6, VOSviewer V 1.6.20, and Scimago Graphica V 1.0.38 were
used to perform bibliometric analysis.

Results: We collected a total of 241 research articles from 36 countries and
322 institutions, contributed by over 1,000 authors. Over the last 20 years, the
number of articles in this field has increased year by year, and since 2011, the
number of publications has increased dramatically, with 85.89% of the papers.
These countries are led by the United States and Japan. GUT had the highest
number of citations and DIGESTION had the highest number of publications.
Research on standardized diagnosis and management, mechanisms, novel
monitoring methods, and innovative drugs and procedures for refractory
GERD are the main topics and hotspots in this field. This study also found that
neuroimmune interaction is closely related to refractory GERD, which may be a
new direction for future mechanism research.

Conclusion: Our study is the first bibliometric analysis of the global literature on
refractory GERD. This research provides valuable insights for researchers,
enabling them to quickly understand the research frontier and hot topics of
this field.
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1 Introduction
Refractory gastroesophageal reflux disease
GERD) is a
unresponsiveness or poor efficacy to proton-pump inhibitors
(PPIs). The latest update of the Lyon Consensus 2.0 identifies
heartburn, oesophageal chest pain, and regurgitation as typical

(refractory

heterogeneous disease characterized by

symptoms, and atypical manifestations such as belching and
chronic cough also exhibit a potential pathophysiological
association with this condition (Gyawali et al., 2023). As a
distinct subtype of gastroesophageal reflux disease, the
persistence of symptoms and the variability in treatment
efficacy pose challenges for clinicians in daily management
and therapy (Armstrong et al., 2022). Consequently, the
diagnosis and treatment of refractory patients have become
prominent areas of challenge and difficulty within the field of
gastrointestinal diseases.

One study reported that the global prevalence of GERD in
2020 was about 13.98% (Nirwan et al., 2020). According to the
World Population Prospects issued by the United Nations in
2022, it is estimated that over 1 billion individuals will be affected
by GERD, with approximately 13.2%-54.1% of them being non-
responsive or inadequately responsive to long-term PPIs
treatment (Chey et al., 2010; Katz et al., 2013a; Kahrilas et al,,
2013; Delshad et al, 2020). In the United States and the
United Kingdom, patients with refractory GERD have
significantly more visits to primary care facilities and

emergency departments, significantly reducing patient
productivity and sleep quality (Toghanian et al, 2011;
Kahrilas et al.,, 2013; Wang HM. et al., 2023). Compared to
patients who responded positively to PPIs therapy, those with
refractory responses incurred an average of $7,000 to
$10,000 higher in associated healthcare costs and were also
more susceptible to gastrointestinal bleeding, dysphagia, and
other related conditions (Gerson et al.,, 2011; Howden et al.,
2021). In addition, long-term PPIs use as well as referrals for
further treatment not only directly impose financial burdens on
patients but also exert a considerable negative impact on their
mental health and overall quality of life while simultaneously
imposing additional financial strains on society.

With the growing attention in this field, researchers have
made more in-depth explorations in this field every year to have a
more thorough understanding of this disease. Simultaneously,
numerous related articles have been published, posing a
challenge on how to efficiently comprehend research topics
and identify potential directions in this field. Bibliometric
methods offer unique advantages in addressing this issue
effectively. However, no bibliometric analysis of refractory
GERD has been reported so far.

Here, we employed bibliometric methods to analyze the research
status and development history of refractory GERD from 2000 to
2023. Through manual classification and summarization, we
demonstrate scientific collaboration among institutions and
regions while identifying key research areas such as standardized
diagnosis and management, novel mechanisms and detection
methods, as well as the development of new drugs and surgical
procedures. These findings highlight the focal points of research in
this field along with future trends.

Frontiers in Pharmacology

10.3389/fphar.2024.1393526

2 Data and methods
2.1 Data sources and search strategies

Web of Science (WOS) is a database and research tool with
comprehensive literature content and strong influence, which
can help us quickly locate high-impact papers, understand the
latest progress in the field, and find breakthroughs in research
ideas (Li et al., 2018). Therefore, the WOS Core Collection was
used as the source of literature data in this study. The search time
span was from January 2000 to November 2023, and the search
strategy was as follows: TIm = (Refractory OR resistant OR “no
respon*” OR “not respond” OR “Non-Responsive” OR
Ineffective OR “No effect”) AND TI=(“Gastroesophageal
reflux disease” OR GERD OR “Gastric esophageal reflux” OR
GORD OR OR NERD OR
“Endoscopy-negative reflux” OR “Endoscopy normal reflux”
OR Heartburn OR “Reflux Esophag*” OR “Erosive Reflux” OR
“Erosive Esophag*” OR “Oesophageal reflux” OR “Barrett’s
esophag* OR “Gastric Acid Reflux” OR “Acid Reflux” OR
Reflux OR “Proton Pump Inhibitor” OR PPI). The search time
was 10 December 2023, and a total of 842 records were retrieved.

“Non*erosive Reflux Disease”

2.2 Data extraction and collection

The following document types were excluded from this study:
Proceeding Paper or Meeting Abstract or Letter or Book Chapters or
Early Access or Editorial Material or Reprint or Meeting Summary,
only articles and reviews in English were retained. Although TT can
accurately search the literature, there are still some articles that are
not related to refractory GERD. After screening and checking by two
researchers, the literature whose content did not conform to the
research theme was excluded. A total of 601 articles were excluded,
and 241 publications were included for bibliometric analysis.
Figure 1 shows the flowchart of the literature-screening process
and research framework.

2.3 Bibliometric analysis

The data were imported into the corresponding analysis
software for bibliometric and visualization analysis. The
software includes Citespace V 6.1 R6, VOSviewer V 1.6.20,
and Scimago Graphica V 1.0.38. These tools excel at
presenting the intricate and extensive development of a
specific field through visualization techniques, enabling quick
identification of key information and pivotal moments to predict
scientific hotspots and frontiers. In this study, Citespace V
6.1R6 made the keyword cluster map, Timeline view of
keywords map, and analyzed the burst citations. VOSviewer
1.6.20 was
relationships, and co-cited references. Scimago Graphica V

used to analyze institutions, collaborative
1.0.38 shows the network of cooperation between countries.
Microsoft Excel 2021 was used for the top 10 cited references,
the top 10 cited authors, and the top 15 journals by number of
publications. Complementary information and visual images
were different

integrated across software platforms to
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FIGURE 1
Flowchart of the literature-screening process and research framework.

842 Records Identified

241 Literatures Identified

e What are the global development trend on the field of
refractory gastroesophageal reflux disease from published
literature?

e What are the top contributing countries, institutions, authors
in this domain?

e What are the most popular journals for researchers related
to this topic?

e What are the main research hotspots and directions? How
they emerged?

e What are the potential frontiers for researchers to focus on?
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FIGURE 2
Trends in the growth of the publications and numbers of cited articles worldwide from 2000 to 2023.

comprehensively and scientifically analyze the literature data.
The data underwent preprocessing before conducting analysis.
Nonsensical keywords (e.g., “disease,” “health,” “esophagus”)
were excluded. Keywords with similar concepts but varying
expressions or spellings were combined for analysis purposes
(e.g., “gastroesophageal reflux disease,” “GERD,” “GORD”; “pH/

» s

mii,” “impedance-pH monitoring”).
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3 Results
3.1 Annual publication and citation trends

This study examined articles on refractory GERD for 24 years,
from 2000 to 2023. In the initial 11-year period, only 14.11% of all
articles were published, whereas in the subsequent 13 years from
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TABLE 1 Top 10 countries/regions by number of publications.

10.3389/fphar.2024.1393526

Country Publications Centrality Citations

1 United States 74 (30.71%) 0.40 2,011 43
2 Japan 58 (24.07%) 0.09 1,036 13
3 China 36 (14.84%) 0.04 380 19
4 Italy 22 (9.13%) 0.02 652 14
4 Belgium 12 (4.98%) 0.17 572 10
4 Netherlands 12 (4.98%) 0.36 920 19
5 France 10 (4.15%) 0.00 395 8

5 Canada 9 (3.73%) 0.01 455 10
6 United Kingdom 9 (3.73%) 0.09 390 14
7 South korea 6 (2.49%) 0.10 162 13

TLS: total link strength.

2011 until 2023, the number of articles accounted for 85.89%.
Figure 2 illustrates that a turning point occurred in this field in
2011 when the number of publications rapidly increased from 6 to
17. The quantity of publications has reached a new peak, rising from
2in 2000 to 24 in 2021. Since 2019, there has been consistent annual
publication exceeding 17 articles and reaching its highest citation
count at an impressive figure of 581. The percentage of review
articles and articles was 11.62% and 88.38% respectively. By
employing curve regression modeling, this study generated a
polynomial function growth curve representing the yearly
expansion of literature and found it to be highly consistent with
the actual growth trend observed within these publications (R* =
0.998), thus confirming the annual progression pattern concerning
articles and research on refractory GERD.

3.2 Analysis of countries or regions and
institutions

In the past, 322 institutions from 36 countries and regions
have conducted research and published articles in this field.
Table 1 presents the 10 countries that have contributed the
most papers, with the United States, Japan, and China leading
with 74, 58, and 36 articles respectively. These publications
account for a significant portion of the total articles (69.71%)
and highlight their prominent role in the development of
refractory  GERD.
relationships between countries. By comparing the centrality,
it can be found that United States and Netherlands have the
highest centrality, which is 0.4 and 0.36 respectively, indicating

Figure 3 visualize the cooperative

that these two countries have closer cooperation with other

countries in this field, while other countries have less
communication with each other. Table 2 describes the top
10 institutions with the largest number of papers published,
and Japanese institutions account for the largest proportion,
with 7 institutions. In addition, the single institution with the
highest citation is the University of Arizona in the United States,
with a citation frequency of 465 times, which represents the

institution has a certain influence in this academic field.
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3.3 Analysis of authors

A total of 1,265 authors have contributed to the field of research
Figure 4. The author cooperation network depicts different author
groups or teams using distinct colors. Node size represents the
number of papers, while line thickness indicates the strength of
collaborative relationships among authors (Chen, 2006). Table 3
presents the top 10 authors by number of publications and their
number of citations and H-index. Notably, Japanese scholars have
made remarkable contributions to the research on refractory GERD.
Among them, Professor Iwakiri and Katsuhiko stand out as not only
having the highest number of publications, but also the closest
cooperation with other authors. It is worth mentioning that Iwakiri,
Katsuhiko, Danie Sifrim, Ronnie Fass, Nakagawa Kenichiro, Koike
Tomoyuki, Kinoshita Yoshikazu, Higuchi Kazuhide, Hoshikawa
Yoshimasa eight authors may be important leaders in the
collaborative project between institutions. Furthermore, it is
noteworthy that Professor Ronnie Fass holds the highest H-index
value. The author with the highest number of citations is Professor
Danie Sifrim. These findings underscore their significant academic
stature and potential pivotal role in pioneering breakthroughs
related to refractory GERD.

3.4 Analysis of journals and literature citation

The top 10 journals with the highest number of citations and
their number of publications, impact factors, and Journal Citation
Reports (JCR) are presented in Table 4, which can provide a
reference for the quality assessment and selection of journals in
this research area. The most cited journals are GUT and
GASTROENTEROLOGY. Although 70% of the top 10 journals
are in the JCR QI region, there are still many articles on refractory
GERD published in journals with low impact factors, suggesting that
more in-depth and high-quality research should be carried out. In
terms of article quantity, DIGESTION emerges as the most popular
journal among authors, with a total of 17 publications.

Table 5 shows the top 15 cited articles among the 241 articles
(Fass et al., 2000; Klinkenberg-Knol et al., 2000; Koek et al., 2003;
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FIGURE 3
Cooperation map of countries/regions in refractory GERD.

Hemmink et al., 2008a; Fass and Sifrim, 2009a; Slaughter et al., 2011;
Vela et al., 2011; Sifrim and Zerbib, 2012a; Tominaga et al., 2012;
Noar et al., 2014; Penagini et al., 2015a; Fock et al., 2016; Hoshino
etal., 2017a; Frazzoni et al., 2017; Spechler et al., 2019; Delshad et al.,
2020). Among them, the article published by Klinkenberg-Knol
(Klinkenberg-Knol et al., 2000) in 2000 was cited the most times,
reaching 390 times. This study followed patients with refractory
reflux esophagitis (RE) for an average duration of 6.5 years,
providing substantial clinical evidence supporting the long-term
efficacy and safety of omeprazole in treating this disease. It may have
played a pivotal role in promoting the widespread clinical
application of omeprazole for this condition. Among these top
15 cited articles, two were published within the past 5 years. One
was a randomized controlled trial (Spechler et al., 2019) comparing
surgery and medicine as treatment options for this disease,
published in the NEW ENGLAND JOURNAL OF MEDICINE in
2019, with a total citation count of 121. Additionally, there was a
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large-scale cohort study published by Sean (Delshad et al., 2020) in
GASTROENTEROLOGY in 2020 that revealed crucial
epidemiological characteristics associated with refractory GERD.

3.5 Analysis of references with
citation bursts

Figure 5 shows the top 25 references with the strongest citation
bursts from 2000 to 2023 (Charbel et al., 2005; Mainie et al., 2006;
Vakil et al., 2006; Zerbib et al., 2006; Kahrilas et al., 2008a; Hemmink
et al., 2008b; Dent et al., 2008; Fass and Sifrim, 2009b; Sweis et al.,
2010; Frazzoni et al., 2011a; Sifrim and Zerbib, 2012b; Kahrilas et al.,
2012; Kohata et al., 2012; Katz et al., 2013b; Kahrilas et al., 2014;
Herregods et al., 2015; Kahrilas et al., 2015; Sakurai et al., 2015;
Ashida et al., 2016; Aziz et al., 2016; Iwakiri et al., 2016; Scarpellini
et al., 2016; Hoshino et al., 2017b; Gyawali et al., 2018a; Tack and
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TABLE 2 Top 10 institutions by number of publications.

10.3389/fphar.2024.1393526

Organization Publications Citations
1 Nippon Medical School (Japan) 14 213 23
2 Gunma University Hospital (Japan) 9 223 58
3 Osaka City University (Japan) 8 230 44
3 Northwestern University (United States) 8 211 43
3 Tohoku University (Japan) 8 208 34
4 University of Arizona (United States) 7 465 80
4 Queen Mary University of London (United Kingdom) 7 374 23
4 Osaka Medical College (Japan) 7 173 54
4 Shimane University (Japan) 7 170 57
5 University of Padua (Italy) 6 193 26
5 University of Pisa (Italy) 6 193 23
5 Hamamatsu University School of Medicine (Japan) 6 132 31

TLS: total link strength.
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FIGURE 4
Cooperation map of authors in refractory GERD.

Pandolfino, 2018; Zerbib et al., 2021a). Among these, 12 were
reviews or consensus documents that guided subsequent research
endeavors. Burst literature is identified using Professor Kleinberg’s
burst detection algorithm, which highlights references that have
been frequently cited in a short period and labeled as hotspots (Chen
et al, 2012). The red line segment on the right corresponds to the
burst time interval of each reference, while strength indicates its
intensity. The Lyon consensus, issued by global gastroenterologists

Frontiers in Pharmacology

in 2018, had the highest outbreak intensity (Gyawali et al., 2018b)
and continues to be widely recognized and frequently cited by peers.

3.6 Analysis of co-occurrence keywords

Keywords play a crucial role in quickly identifying the
literature’s topic and effectively extracting vital information

frontiersin.org
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TABLE 3 The top 10 productive authors.

10.3389/fphar.2024.1393526

Authors Country Publications Citations
1 Iwakiri, Katsuhiko Japan 15 267 25 110
2 Sifrim, Daniel United Kingdom 10 596 36 31
3 Fass, Ronnie United States 10 499 62 13
4 Kusano, Motoyasu Japan 9 223 28 53
4 Higuchi, Kazuhide Japan 9 184 45 58
4 Kawami, Noriyuki Japan 9 157 12 47
5 Kinoshita, Yoshikazu Japan 8 181 43 46
5 Hoshikawa, Yoshimasa Japan 8 130 9 47
6 Hoshino, Shintaro Japan 7 104 20 44
7 Arakawa, Tetsuo Japan 6 166 48 45
TLS: total link strength.
TABLE 4 The top 10 most cited journals.
Rank Journal Citations Publications If H-index JCR
1 Gut 742 5 24.5 262 Q1
2 Gastroenterology 513 5 294 368 Q1
3 American Journal of Gastroenterology 419 9 10.2 234 Q1
4 Alimentary Pharmacology & Therapeutics 384 12 7.6 159 Q1
5 Neurogastroenterology and Motility 288 10 35 93 Q2
6 Digestion 255 17 32 71 Q3
7 Surgical Endoscopy and Other Interventional Techniques 239 12 31 141 Q1
8 Journal of Gastroenterology 216 7 6.3 99 Q1
9 Clinical Gastroenterology and Hepatology 176 4 12.6 151 Q1
10 Digestive Diseases and Sciences 150 11 3.1 113 Q3

TLS: Total link strength IF: impact factor (Journal Citation Reports 2022).

(Dotsika and Watkins, 2017). Keywords co-occurrence, an
essential component of bibliometric analysis, aids in
speculating potential research hotspots. In this study, we
extracted 74 keywords with the highest co-occurrence and
presented them as a network in Figure 6. Employing a
clustering algorithm, we divided these keywords into four
clusters distinguished by colors: red, yellow, blue, and green.
The red cluster pertains to refractory GERD, focusing on its
management and diagnosis. Key terms include “management,”

» o«

“diagnosis,” “guidelines,” and “prevalence.” The green cluster
primarily explores the mechanism behind refractory GERD using
Keywords such as “mechanism,” “acid reflux,” “esophageal
sphincter relaxation,” and “GABA(B) agonist baclofen.” This
module aims to identify possible causes for this challenging
condition. The yellow cluster delves into drugs that suppress
gastric acid like PPIs, omeprazole, rabeprazole, potassium-
competitive acid blockers (P-CABs), and vonoprazan. This
module mainly discusses the application and development of
drugs represented by PPIs. The blue cluster mainly deals with

Frontiers in Pharmacology 07

refractory symptoms and detection methods. The main keywords

« » o« . . »
are refractory symptoms, non-erosive reflux disease,

“impedance-ph monitoring,” and

manometry.” This cluster discusses the characteristics of

“high-resolution

refractory GERD and the application of new detection
methods such as esophageal impedance-pH monitoring and
this field. The topics
corresponding to the four clusters covered the mainstream

high-resolution manometry in
academic literature on physiology and pathology, diagnosis,
detection methods, and treatment of refractory GERD.
Furthermore, Figure 7 illustrates the temporal evolution of
keywords throughout the study period using years as a reference
point. It is evident that post-2005, researchers shifted their focus
toward understanding the mechanism and identification of this

» o«

disease. Keywords included “gastric emptying,” “eosinophilic

esophagitis,” and “functional
heartburn.” Around 2010, researchers developed an interest
in exploring the nature of refluxate in refractory gerd

with subject words such as “nonacid reflux,” “acid reflux,”

“hypersensitive esophagus,”
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TABLE 5 The top 15 cited articles related to refractory gastroesophageal reflux disease.

Year Journal Types of Total

research Citations

1 Long-term omeprazole treatment in resistant | 2000 Gastroenterology 294 Q1 Clinical Trial 390
gastroesophageal reflux disease: Efficacy,
safety, and influence on gastric mucosa

2 Diagnosis and management of patients with = 2012 Gut 245 | Ql Review 224
reflux symptoms refractory to proton pump
inhibitors

3 Management of heartburn not responding to = 2009 Gut 245 Q1 Review 219

proton pump inhibitors

4 Effect of the GABA(B) agonist baclofen in 2003 Gut 24.5 Q1 Clinical Trial 190
patients with symptoms and duodeno-gastro-
oesophagealreflux refractory to proton pump
inhibitors

5 Esophageal pH-Impedance Monitoring in 2008 American Journalof Gastroenterology 102 | Q1 RCT 154
Patients With Therapy-Resistant
Reflux Symptoms: “On” or"Off “Proton
Pump Inhibitor?

6 Randomized Trial of Medical versus Surgical = 2019 New England Journal of Medicine 1585 Q1 RCT 121
Treatment for Refractory Heartburn

7 Asia-Pacific consensus on the management of = 2016 Gut 24.5 Q1 Practice Guideline 109
gastro-oesophageal reflux disease: an update
focusingon refractory reflux disease and
Barrett’s oesophagus

8 Caution About Overinterpretation of 2011 Clinical Gastroenterology and Hepatology 126 | Q1 Cross-Sectional 107
Symptom Indexes in Reflux Monitoring for Study
Refractory Gastroesophageal Reflux Disease

9 Prevalence of Gastroesophageal Reflux 2020 Gastroenterology 294 | Q1 Cohort Study 88
Disease and Proton Pump Inhibitor-
Refractory Symptoms

10 The added diagnostic value of postreflux 2017 Neurogastroenterologyand Motility 35 Q2 Cohort Study 87
swallow-induced peristaltic wave index and
nocturnal baseline impedance in refractory
reflux disease studied with on-therapy
impedance-pH monitoring

11 Refractory Heartburn: Comparison of 2011 American Journal of Gastroenterology 102 Q1 Comparative Study 70
Intercellular Space Diameter in Documented
GERD vs. Functional Heartburn

12 Rikkunshito improves symptoms in PPI- 2012 Journal of Gastroenterology 6.3 Q1 RCT 70
refractory GERD patients: a prospective,
randomized, multicenter trial in Japan

13 Omeprazole 40 mg once a day is equally 2000 Alimentary Pharmacology & Therapeutics 7.6 Q1 RCT 69
effective as lansoprazole 30 mg twice a day in
symptom control of patients with gastro-
oesophageal reflux disease (GERD) who are
resistant to conventional-dose lansoprazole
therapy - a prospective, randomized, multi-
centre study

14 Long-term maintenance effect of 2014 Surgical Endoscopy and Other Interventional = 3.1 Q1 Clinical Trial 68
radiofrequency energy delivery for refractory Techniques
GERD: a decade later

15 Efficacy of Vonoprazan for Proton Pump 2017 Digestion 32 Q3 Clinical Trial 66
Inhibitor-Resistant Reflux Esophagitis

TLS: Total link strength IF: impact factor (Journal Citation Reports 2022).

and “weakly acidic reflux.” By 2015, attention was 4 Discussion

directed towards investigating the role of esophageal motility

disorders with keywords like “esophageal motility” and This work utilized a diverse range of bibliometric tools to
“proximal reflux.” analyze refractory GERD across five dimensions: publication
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Top 25 References with the Strongest Citation Bursts

10.3389/fphar.2024.1393526

References Year Strength Begin End 2000 - 2023
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FIGURE 5
References with the strongest citation bursts.

trends, country and author contributions, core literature analysis,
hot topics investigation, and frontier direction exploration. The
main conclusions are as follows.

4.1 General information

In the more than 20 years since 2000, clinicians and researchers
have shown significant interest in refractory GERD. Consequently,
related research has been carried out rapidly in different regions, and
related articles have been increasing year by year.

For the surge in publications on refractory GERD since 2011, we
analyzed several reasons. First, epidemiological surveys published in
2009-2010 revealed that the persistence of reflux symptoms after
taking PPIs was very common, ranging from 17% to 32%. Moreover,
this incidence was observed to be increasing over time, prompting
researchers to direct their attention towards this concerning
phenomenon that posed challenges for both patients and
physicians (El-Serag et al, 2010a; Chey et al, 2010). Secondly,
the International High Resolution Esophageal Manometry Group
published the first edition of the classification standard for
esophageal motility disorders in 2009, which was subsequently
named Chicago Classification (CC), heralding a groundbreaking
advancement in esophageal manometry technology. Peter ] invented
pressure topography plots based on traditional conventional
manometric recordings, which are superior in defining the spatial
characteristics of esophageal constriction segments and in
determining pressure changes (Kahrilas, 2010). As a result,
HRMs that incorporate this technology can accurately identify
patients with more subtle esophageal motility disorders and
categorize them according to classification criteria as distal
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esophageal spasm, vigorous achalasia, functional obstruction, and
subtypes of nutcracker esophagus. This change has transformed
esophageal manometry data from crude to refined and the
interpretation of results from complex to intuitive. The new
technique facilitates clinicians to detect anatomical defects of the
esophagus as well as other dysfunctions, thus distinguishing truly
refractory patients, which has a significant impact on the rigorous
screening of eligible cases for subsequent clinical studies and
convincing statistics (Kahrilas et al, 2008b). Meanwhile, the
method developed by L. B. Gerson et al,, in 2011 offers a novel
approach to assess clinical features, severity, and predict the
necessity of additional anti-reflux treatment. This advancement
holds significant potential for enhancing the management of
refractory GERD in primary care and community settings
(Gerson et al, 2011). As a result, on the one hand, there is a
growing awareness among individuals regarding the limitations
of PPIs therapy, and an increasing number of clinicians are
reporting refractory patients who exhibit resistance to acid
suppressors. On the other hand, newly discovered detection and
evaluation methods have provided directions for subsequent
research, thereby prompting researchers to undertake numerous
in-depth studies on the etiology of refractory cases. It is highly
plausible that these factors have contributed to the surge in
publications on refractory GERD since 2011.

The United States, being the country with the highest number of
publications in this field, has played a leading role in the
development of research on refractory GERD. This finding may
be attributed to researchers’ attention to the high incidence and
substantial medical burden associated with this condition in the
United States (Wahlqvist et al., 2006; El-Serag, 2007; El-Serag et al.,
2010b; Delshad et al., 2020; Nirwan et al., 2020; Howden et al., 2021).

frontiersin.org


https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2024.1393526

Zhang et al.

10.3389/fphar.2024.1393526

non-erosive(féflux disease

lansoprazolerabeprazole

competitiveiacid blocker

‘sophageal maslty disoriers P S
double-blind reflux esophagitis
esophageal agid exposure epidemiglogy: multicenter
esomeprazole
matility
) depréssion
assodiation
perception. thw
\ e =eacy prevlence
& dassifiation . Teftony
\» quesr.iﬁavre validation omits
guid@lines /
7 _chilliren
N N
y risk-factors
nonacigreflux 3 w >
acidieflux \ dyspbagia
high- resolu(.im\'znnme(ry‘ diagosis
irritable-bowelsyndrome % laryngophargngeal reflux
barretts-gsophagus ¢ i DI so s
WonEas issen fungoplication ™ fundoflieation ampiations
dilated intercellular spaces 4 y P N 7
f refractot as! sophageal re R N
Y gastigesophag N\ outagrnes
multichannel ingFaluminal impe antirefisurgery
expetience

esophageal sphincter relaxatio

‘gaba(b) agofiist baclofen

laparoscopic fndoplication ¢
lower esophageal sphincter

Iaparosmp\c%sen fundoplica

radiofrequencyinergy delivery transoral incisignless fundopl

follow-up.

g}bvosviewer

CiteSpace, v. 6.1.R6 (84-bit) Advanced
December 25, 2023 at 2009149 Al CoT

Timespan: 23 (Slice Longihe1)

Selectlon Crera: g ndx (k=28 LRF=3.0, LIN=10, LBY=5, =10
4, £2622 (Density-0,0155)

Lorgeat 0 337 (=0

i
Pruning: None

6505
ightad Mean Silhouctte $=0.9075
anmoml: Mean(@, S)-0.7578.

*oroton pump nhibitors

antireflux mucosectomy band

ey

barlatrlc surgery
\

ic sleeve g y
—

refractory reflux esophagiti

V

X

Jﬂ(\

gastroesophageal reflux diseaseend

reflux esophagltl

Iaryngapharyngeal reﬂux/
T\ proton pump inhibitor

acid bl

quality of life

V&

esophageal ph monltormg S, surgery

gastr

e ""“‘“electrlc impedance..

proton pump mhlbltor’

speech therapy

i refractory

high-resolution manometry

AN

Qmpedance-ph monitoring

FIGURE 6
Map of keyword clustering in refractory GERD.

Although Japan ranks second in total publications, it accounts for
7 out of the top 10 institutions, indicating the significant prominence
of refractory GERD within Jap anese academic circles, possibly
related to the country’s advanced endoscopic technology and
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public health awareness regarding early esophageal cancer
screening (Pathirana and Poston, 2001; Dobashi et al, 2022;
Fujishiro and Matsumoto, 2022). The United States and the
Netherlands exhibit closer collaborations with other countries,
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serving as a valuable example for other countries to enhance
cooperation and exchange to broaden research ideas.

Potential reasons for the leading position of these countries and
institutions include the following. The first reason is related to social
and demographic factors. A study showed that refractory GERD
patients in the United States have the highest proportion among all
the countries and regions surveyed, which accounts for 54.1% of the
patients with GERD (Delshad et al., 2020). This has a serious adverse
impact on the quality of life and work and increases the economic
burden, but also triggers the attention and thinking of clinicians and
researchers. Secondly, the United States has made significant
contributions to the advancement of detection technology
through the invention and development of impedance-pH
monitoring and high-resolution manometry. Meanwhile, Japan’s
contribution lies in pioneering gastric fiberscope prototypes, which
have greatly facilitated the progress of electronic endoscopy. These
remarkable achievements have served as catalysts for extensive
research conducted by various institutions and scholars.

In the 1950s, Charlie at Mayo Clinic pioneered the systematic
study of esophageal motility, and led to the landmark discovery of
the Lower Esophageal Sphincter (LES) (Code et al., 1956). Later,
many American gastroenterologists focused on esophagology and
became prominent esophagologists, including Donald Castell, who
was called the “Pope of Esophagology.” He took the initiative to
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esophageal motility disorder.

bariatric surgery

potassium-competitive acid blocker

establish a multidisciplinary collaboration with Radiology and
cardiothoracic surgery, forming a cohesive team. He initiated
multidisciplinary collaborations including esophageal, radiology,
and cardiothoracic surgery, as well as establishing close contact
with researchers from Japan and Australia. Additionally he
innovatively integrated radiologic imaging with manometry
techniques to clarify esophageal muscle function and summarized
various concepts pertaining to esophageal motility disorders that
hold significant value for further investigation. Such as ineffective
esophageal motility (IEM) (Leite et al., 1997), achalasia (Olsen et al.,
1957), TLESRs (Dent et al., 1980). He also collaborated closely with
Tom DeMeester, a cardiothoracic surgeon, who proposed the
DeMeester score for assessing reflux events and acid exposure.
This contribution played a significant role in the subsequent
advancement of surgical techniques for refractory GERD (Grubic
and Crookes, 2021). We can gain valuable insights from their
successful experience through the aforementioned development
process. Multi-disciplinary treatment (MDT) and multi-regional
and institutional collaboration serve as the driving forces for
advancing progress in the research field. This model provides
experts with the opportunity to discuss the issues they face and
express different views, as well as the possibility of innovation. In
addition, the rapid development of modern science and technology
is also crucial to the impact of this disease. Endoscopic technology,
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pressure transducer technology, and the pressure topography plots
mentioned above are the technical support and guarantee
for progress.

In terms of authors, Professor Iwakiri Katsuhiko has the highest
number of publications and collaborates most closely with other
authors. The author with the highest H-index is Professor Ronnie
Fass. The most highly cited author is Professor Daniel Sifrim, who
has expertise in neurogastroenterology and motility and
pathophysiology of GERD. These three distinguished authors
hold prominent positions within this domain and are poised to
contribute significantly towards groundbreaking discoveries in
refractory GERD. The most cited journals are GUT and
GASTROENTEROLOGY, while DIGESTION has emerged as a
popular choice among authors for publication purposes. This
information can serve as a valuable reference for assessing
journal quality and selecting appropriate outlets within this
specialized field.

Although the number of article citations is influenced by
publication length, it is undeniable that highly cited articles serve
as the foundation for subsequent advancements in the field. These
articles encompass valuable knowledge worth learning and the key
issues that subsequent researchers are concerned about. From the
distribution of the top 15 cited literature types in this study, clinical
trials accounted for 80%, and the remaining 20% were consensus
and reviews.

Clinical trials primarily focused on the efficacy evaluation and
long-term follow-up results of drug interventions and surgical
And the
symptoms, the clinical value of new detection methods, and their

treatments. accurate identification of refractory
parameters. However, there remains a scarcity of highly cited basic
research in this field.

From the evolution of keywords over time, we can see that
researchers’ thoughts and strategies are interestingly divided into
two different directions. A portion of the group spent a lot of effort
upfront (probably before 2010) in the study of the efficacy of PPIs in
refractory GERD, and the exploration of the mechanisms of acid
reflux. Consequently, they continue to advocate for acid inhibition
therapy as the preferred strategy. Their focus lies in enhancing the
efficiency of acid inhibition, developing novel and more potent acid
inhibition agents, accurately identifying refractory individuals who
would benefit from strong acid inhibition therapy, and improving

the duration during which stomach pH levels are
maintained above 4.
With the researchers’ further investigation into the

pathogenesis of refractory GERD and the persistence of acid
inhibition therapy failure, another part of people are gradually
recognizing the intricate multifactorial mechanisms involved.
Consequently, their interest and patience in acid inhibition
therapy for refractory patients who exhibit resistance to acid
suppression medications have waned. They have then shifted
their focus to intervening in various alternative mechanisms,
such as physiological acid or weakly acidic reflux events,
persistent mucosal microscopic damage (dilated intercellular
spaces), chemical clearance ability, ineffective esophageal
motility, TLESRs, visceral hypersensitivity, neuroimmune-
mediated responses, psychological factors (stress/anxiety and
hypervigilance). The objective is to utilize these emerging
for  the of  innovative

mechanisms development
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pharmacological and non-pharmacological therapies

encompassing behavioral interventions, endoscopy, and surgery.

4.2 Standardized diagnosis and
management

The definition of refractory GERD has been a subject of
controversy, primarily concerning the treatment regimen and
daily dosage of PPIs, as well as the criteria for recognizing
ineffectiveness or poor response. In 2006 (Richter, 2006),
refractory GERD was defined in a study as the absence of
significant symptom improvement after 4-8 weeks of twice-daily
PPIs treatment. The 2009 guideline (Fass and Sifrim, 2009b)
published by Ronnie Fass and Daniel Sifrim defines refractory
GERD as the lack of response to once-daily treatment with PPIs.
According to the 2012 guidelines (Sifrim and Zerbib, 2012b) for
managing refractory GERD, persistent symptoms of regurgitation or
heartburn occurring at least three times per week are observed after
more than 12 weeks of treatment with double-dose PPIs.

Since then, researchers have gradually realized that the
determination of “refractory” status is largely influenced by
patients’ subjective perceptions and treatment expectations rather
than objective assessments. In 2021, the European Society for
Neurogastroenterology and Motility (ESNM) and the American
Neurogastroenterology and Motility Society (ANMS) (Zerbib
2021b)
distinguishing subjective symptoms from objective evidence by

et al, have made significant advancements in
proposing three definitions: refractory GERD, refractory reflux-
like symptoms, and refractory GERD symptoms. Among them,
refractory GERD is defined as objective evidence of GERD that
has not disappeared after standardized drug treatment, including
(erosive esophagitis, abnormal esophageal acid exposure and/or
elevated numbers of reflux episodes on reflux monitoring
performed on therapy). The advantage of this classification is
that it can change the basis for judging whether the disease is
“refractory” or not from the patient’s subjective feeling to the
objective indicators derived from the clinician’s specialized
examination, which can help to strictly differentiate the patients
with truly refractory GERD, and make more accurate judgments of
the patient’s condition. This way of defining may be the trend in

the future.

4.3 Evolution and characteristics of
different drugs

Based on the specificity of the definition of refractory GERD, we
need to take into account the changes in physiopathology caused by
clinical treatment before the diagnosis of this disease in this
population. It has been shown that erosive oesophagitis healing
rates can be as high as 90% after 8 weeks of PPIs or vonoprazan
treatment (Xiao et al,, 2020). The fact that the patient was already
receiving regular acid-suppressive therapy prior to the discovery of
refractoriness may have led to the healing of the eroded esophageal
mucosa, which may explain the following two findings. The first
notable observation is the high prevalence of non-erosive reflux
disease (NERD) among patients with refractory GERD (Kim et al.,
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2015). A second finding reveals that individuals with NERD exhibit
lower rates of symptomatic response to PPIs compared to those with
RE (Martinez et al., 2003). In addition, the strong acid-inhibiting
effect of acid-suppressive drugs may affect the acidic reflux of
pH monitoring in patients. Marcelo (Vela et al., 2001) compared
esophageal impedance-pH monitoring results in 12 patients with
GERD before and after omeprazole treatment and found that the
proportion of acid reflux decreased from 45% to 3% before
treatment, while the proportion of non-acidic reflux (pH > 4)
reflux increased from 55% to 97%. Furthermore, numerous
studies have documented the presence of weakly acidic reflux
outside of the normal range in patients with refractory GERD
(Mainie et al., 2006; Sharma et al., 2008; Frazzoni et al., 2011b;
Kawami et al., 2018). Radu (Tutuian et al., 2008) conducted a study
in patients with persistent symptoms despite acid suppressive
therapy and observed 3,547 reflux events, of which 84.3% were
non-acidic. However, it is unclear whether the high percentage of
non-acidic reflux is attributable to the treatment or represents
unique pathological manifestations associated with the condition
and its possible role in the development and progression of
refractory GERD. The causality between the high rate of non-
acidic reflux and acid-suppressive treatment remains uncertain,
as well as its potential role in the pathogenesis and progression
of this disease.

Insufficient acid inhibition is one of the underlying mechanisms
contributing to this disease, and researchers have turned to replacing
potent acid inhibition agents as a potential solution. Since its initial
global approval in Japan (Garnock-Jones, 2015) on 26 December
2014, Vonoprazan has emerged as a recommended treatment for
refractory GERD due to its superior efficacy in suppressing acid
production and promoting esophageal mucosal healing compared to
PPIs (Miwa et al., 2019; Tanabe et al., 2019; Ochiai et al., 2021; Xu
et al.,, 2023). Meanwhile, it exhibits no susceptibility to variations in
CYP2C19 genotype (Kagami et al., 2016). However, a retrospective
analysis of a small sample revealed that even with double doses of
P-CAB, some NERD patients still exhibited poor responses. In
comparison to the effective group, the ineffective group showed
an increased proportion of 4 < pH < 5, along with a decrease in acid
exposure time (AET). And researchers propose that a pH of 5 may
be the threshold for influencing symptom onset (Abe et al., 2021). In
Noriyuki Kawami’s study (Kawami et al., 2018), all 42 double-dose
P-CAB-resistant NERD patients without esophageal motility
disorders had no detectable abnormal acid exposure, and 41.9%
of these patients were SI-positive, all with weakly acidic reflux. The
possible mechanism of refractory GERD is now more clear. Weakly
acidic reflux events and the amplificated sensitivity of the esophagus
to refluxants play a crucial role in symptom occurrence, making
further acid inhibition an unwise choice for symptom relief.

In response, researchers have attempted a therapeutic shift from
antiacid to antireflux therapy, focusing on the transient lower
oesophageal sphincter relaxations (TLESRs), a key pathogenesis
of refractory GERD (Hershcovici et al, 2011). Baclofen, a
gamma-aminobutyric acid (GABA)-B receptor agonist, has been
found to effectively reduce TLESRs (Koek et al, 2003). A recent
randomized, double-blind, placebo-controlled study (Pauwels et al.,
2022; Raymenants et al, 2022) found that Baclofen could
significantly reduce SAP positivity, that is, symptoms associated
with reflux episodes. However, its clinical application is hindered by
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the side effects resulting from its ability to penetrate the blood-brain
barrier (Kent et al., 2020). Another placebo-controlled cross-over
study (Sawada et al., 2020) reported that ONO-8539, an E-type
prostanoid 1 receptor antagonist, inhibits TLESRs. These findings
suggest that EP1 receptor may be a potential target for the treatment
of refractory GERD.

The efficacy and benefit of gastrointestinal prokinetics in this
condition remain uncertain. One perspective (Ishimura et al., 2015)
suggests that Acotiamide has minimal impact on esophageal body
contractions or EGJ compliance in both patients with GERD and
healthy individuals. However, other studies (Yamashita et al., 2015;
Yamashita et al., 2019) have indicated that Acotiamide can reduce
TLESRs, improve esophageal bolus clearance in healthy individuals,
alleviate persistent symptoms of refractory NERD, and decrease
total reflux episodes. These episodes include acid reflux, proximal
reflux, and liquid reflux. A recent meta-analysis (Jung et al., 2021)
suggested that combining prokinetics with PPIs is more effective
than using PPIs alone.

4.4 Advantages and disadvantages
of surgery

For reflux events, surgeons tend to focus on the anatomical
structure and physiological motor function of the esophagus to
remodel the antireflux barrier. In the 1850s, Allison (Allison, 1951)
first reported hiatal hernia repair, while Rudolf Nissen (Nissen,
1956) invented fundoplication, which initiated surgical intervention
for GERD. In 1991, antireflux surgery (Dallemagne et al., 1991)
entered the laparoscopic era. The development trend now leans
towards more minimally invasive and readily accepted endoscopic
antireflux surgery. Since the emergence of antireflux surgery,
addressing symptoms that are unresponsive to medical treatment
or severe esophagitis has become a primary concern. Anti-reflux
mucosectomy (ARMS) and radiofrequency energy delivery
(STRETTA), as emerging endoscopic antireflux procedures, have
demonstrated comparable clinical efficacy. The former inhibits
reflux by inducing scar contractures in the damaged cardiac
mucosa, making it a minimally invasive and effective treatment
for refractory GERD. The 270 ARMS is recommended for reducing
the incidence of postoperative dysphagia (Sumi et al., 2021; Yang
et al., 2022; Zhang et al., 2022).

The latter is proven to induce LES muscle remodeling through
stimulation, thereby reducing the occurrence of TLESRs and
esophageal acid exposure. During a follow-up period of 10 years
after surgery, 72% of patients with refractory GERD returned to a
normal quality of life, and 64% reduced their use of PPIs by at least
half (Noar et al., 2014). It is recommended as the primary choice for
endoscopic treatment following unsuccessful fundoplication (Katz
et al.,, 2013¢; Wang Y. et al., 2023).

Additionally, a range of surgical options, such as transoral
(TIF) sphincter
augmentation (MSA), are available to alleviate refractory
symptoms (McCarty et al., 2018; Roark et al., 2020; Kalapala
et al., 2022; Patel et al,, 2022). However, most of the current
exploration of surgical interventions for this condition is based

incisionless  fundoplication and magnetic

on retrospective studies and case reports. Randomized controlled
trials and long-term follow-up, as well as the development of
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personalized surgical recommendations for refractory GERD, are
the focus of future research.

It is important to acknowledge that a high level of confidence in
the diagnosis of refractory GERD is crucial before considering any
invasive surgical intervention. The ICARUS guidelines highlight the
necessity of preoperative esophageal manometry and impedance-pH
monitoring if endoscopy is negative. The results of high-quality
(Spechler 2019)
2019 suggested that surgery is superior to medical therapy for

randomized, controlled trials et al, in
patients with truly established refractory GERD. In September
2023, the Lyon consensus 2.0 recommended a switch to surgery
in patients with refractory GERD who had both AET > 4% and more
than 80 reflux episodes (Spechler et al., 2019; Gyawali et al., 2023).

Visceral hypersensitivity is a complex mechanism mediated by
multiple factors that have been suggested to be potentially involved
in the development of refractory GERD, including the expression of
acid-sensing ion channels, localization of sensory nerve, as well as
interactions between inflammatory mediators and
neurotransmitters (Guarino et al, 2010; Ustaoglu et al, 2021;
Ustaoglu and Woodland, 2023). A study by Rohof (Rohof et al.,
2014) found that patients with refractory GERD had more proximal
reflux than patients who responded to PPIs. Philip (Woodland et al.,
2015) compared the mucosal integrity of the proximal and distal
esophagus in healthy subjects and localized calcitonin gene-related
peptide (CGRP)-immunoreactive nerve fibers and protein gene
product (PGP) 9.5 immunoreactivity in nerve fibers and found
that mucosal integrity was essentially the same at both ends, but that
the proximal mucosa had more superficial afferent nerves. This
unique feature provides anatomical evidence for proximal
esophageal hypersensitivity. This finding is supported by a
previous study conducted by Radu (Tutuian et al, 2008), which
demonstrated a significant correlation between proximal reflux and
the onset of symptoms in patients with refractory GERD,
irrespective of whether the refluxants were acidic or non-acidic.
Furthermore, esophageal hypervigilance may independently
contribute to symptom perception in individuals with GERD (EI-

Serag et al.,, 2010b; Guadagnoli et al., 2021).

4.5 Novel mechanisms such as
neuroimmune interaction

In recent years, with the advancement of research in neurology
and immunology, the interaction between neuroimmunity has
attracted the attention of researchers, particularly in peripheral
organs such as the gastrointestinal tract. It has been reported that
immune activation interacts with various gastrointestinal disorders,
and visceral hypersensitivity may be associated with the stimulation
of sensitive neurons by other algogenic mediators secreted by
immune cells (Vanuytsel et al., 2023; Argiiero and Sifrim, 2024;
Leech and Peiris, 2024). The mast cells, which are part of the
system, exhibit sensitivity the
microenvironment of immune cells. They induce sensitization of

immune to endogenous
peripheral nerve function by releasing neuropeptides, such as
histamine and other nociceptive mediators that act as pain
inducers (Rosa and Fantozzi, 2013; Gupta and Harvima, 2018;
Leech 2024). Ustaoglu’s study

upregulation of nerve growth factor (NGF) expression in mast

and Peiris, revealed an
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cells infiltrating the esophageal mucosa of patients suffering from
reflux esophagitis (Ustaoglu et al., 2023). NGF plays a pivotal role in
the development of chronic pain by binding to tyrosine kinase
receptor A (NTRK1) on nerve fibers, thereby augmenting their
numbers and eliciting hypersensitive pain sensations (Dothel et al.,
2015; Eskander et al, 2015; Gupta and Harvima, 2018).
Additionally, they assessed the association between mast cells and
deep afferent nerve endings and discovered that these two are closely
juxtaposed within the papillary structure of the esophageal mucosa,
potentially contributing to hypersensitivity responses. They
suggested that topical NGF antagonists could be a prospective
therapeutic option for refractory GERD (Ustaoglu et al., 2023).
The abundance of neuroimmune-related receptors offers diverse
possibilities for selecting therapeutic targets.

Spechler’s team hypothesized (Souza et al., 2009) as early as
2009, following esophagoduodenostomy in rats and in vitro studies,
that the tissue damage observed in reflux esophagitis may not be
attributed to chemical corrosion caused by stimulation from
refluxed gastric juice. Instead, it is more likely induced by
acidified bile salts stimulating esophageal epithelial cells to secrete
chemokines (IL-8 and IL-1P) and promoting inflammation. To
further substantiate this hypothesis (Dunbar et al, 2016), a
recent clinical study involving GERD patients with recurrent
esophageal mucosal erosion after PPIs withdrawal found that the
predominant inflammatory cells infiltrating the esophagus were T
lymphocytes rather than neutrophils. Surface cell loss did not occur
immediately but was observed subsequent to basal cell and papillary
hyperplasia, providing evidence in support of a cytokine-mediated
pathogenesis. Subsequent experiments have demonstrated (Huo
et al., 2017; Souza et al., 2017) the crucial involvement of HIF-2a
in RE pathogenesis, as it is activated by acidified bile salts and
subsequently amplifies NF-kB/p65 activity, thus facilitating
proinflammatory cytokine synthesis.

4.6 Considerations for various detection
techniques

The Lyon Consensus, published in 2018, is based on the
2004 Porto (Sifrim et al., 2004) Consensus and, for the first time,
puts forward the key recommendation based on a large number of
clinical studies: impedance-pH monitoring is the “gold standard” for
diagnosing GERD. The consensus also focuses on new parameters
such as post-reflux swallow-induced peristaltic wave (PSPW), mean
nocturnal baseline impedance (MNBI), and enriching objective
detection indicators for refractory GERD. PSPW and MNBI are
parameters that reflect the chemical clearance ability of the
esophagus and the integrity and permeability of the esophageal
mucosa, respectively. These two parameters have been shown to
better identify pathological reflux (Wu et al., 2022) in patients with
refractory reflux symptoms and can be used as characteristic
indicators of refractory GERD (Frazzoni et al., 2023).

Clinicians are faced with two choices before recommending
patients for endoscopy and impedance-pH monitoring, on or off
PPIs? Lyon consensus 2.0 provides the answer; for patients with
refractory GERD who have a previous diagnosis based on objective
evidence, it is recommended that impedance-pH monitoring be
performed during PPIs therapy, which can help to predict the
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outcome of surgery based on the regurgitation results (Gyawali et al.,
2021). Conversely, if there is no objective diagnostic basis,
impedance-pH monitoring after discontinuation of PPIs is
recommended (Hemmink et al., 2008a; Katz et al., 2022). In
addition, simple pH monitoring without impedance function is
also recommended after withdrawal to rule out the effect of PPIs
on acid reflux (Sifrim and Zerbib, 2012b). Considering the high rate
of esophageal mucosal healing with antiacid drugs, the American
College of Gastroenterology (ACG) suggests (Katz et al., 2022) that
diagnostic endoscopy should be conducted 2-4 weeks after
withdrawal PPIs for maximizing the accuracy of diagnosis of
refractory GERD.

According to previous researches (Gawron et al., 2012), up to
42% of patients with refractory GERD continue taking PPIs despite
negative findings on endoscopy and impedance-pH monitoring.
This has prompted researchers to consider whether patients with
refractory GERD can be terminated from long-term use of PPIs. A
recent clinical trial (Yadlapati et al., 2021) has suggested that the
number of days of AET >4% can be used to determine the necessity
of continuing PPIs in patients with endoscopy-negative refractory
GERD through prolonged wireless reflux monitoring. However,
with the limitations of the paucity of relevant data and the fact
that prolonged wireless reflux monitoring is not widely available in
clinical practice, this issue remains to be resolved.

While impedance-pH monitoring is widely recommended as a
reliable diagnostic tool, it has been regarded by certain scholars as a
delicate examination susceptible to temporal variations. Roberto
2015b)
pH monitoring in 50 AET-negative patients with refractory
heartburn, and found that half of them exhibited positive acid
exposure after the second or third day. In a study by Yadlapati
(Yadlapati et al., 2019), patients who did not respond to PPIs showed
three distinct acid exposure trajectories during prolonged
pH monitoring. Stephen (Hasak et al, 2020) found that the
results of AET varied from day to day in patients with refractory

(Penagini et al, performed prolonged wireless

GERD, with dominant AET patterns from long-term wireless
pH monitoring being poorly correlated with AET measured on
the first day. The above studies suggest that longer monitoring time
may make AET and other indicators closer to real events and
improve the accuracy of diagnosis.

4.7 Inspiration from research hotspots and
emerging trends

The aforementioned research focal points and emerging trends
will serve as valuable references for future research orientations in
the subsequent areas. The first aspect involves the introduction of a
new definition and diagnosis, where it is clinically essential to
refractory GERD from
symptoms and refractory GERD symptoms. Objective indicators
(including emerging ones such as PSPW and MNBI) should be
prioritized over subjective feelings as the key diagnostic criteria. This

differentiate refractory  reflux-like

is beneficial in precisely identifying refractory GERD and facilitating
a more objective and accurate assessment of the patient’s condition.
Furthermore, an extended application of prolonged wireless
pH monitoring would effectively reflect the most realistic reflux
events and contribute to clinical diagnosis. This kind of precise
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diagnosis will undoubtedly become the prevailing trend in
the future.

The second aspect involves the prognostication of therapeutic
approaches grounded in innovative mechanisms. The release of pain
mediators by immune cells can induce sensitization of peripheral
nerves. Current research has demonstrated that there are numerous
receptors upstream and downstream, which are associated with
neuroimmunity, including neuropeptides, histamine, nociceptive
mediators, NGF, and HIF-2a, may serve as crucial targets for the
treatment of this disease and hold significant therapeutic potential.
Therefore, the development of inhibitors such as NGF antagonists
and HIF-2a inhibitors represents a promising direction for novel
drug discovery. This is particularly advantageous for patients
experiencing physiological acid regurgitation or non-acid
regurgitation, with heartburn and retrosternal pain being the
primary clinical manifestations.

The findings of various studies have demonstrated that 17-
phenyl PGE2, acting as an EP1 agonist, exhibits a biphasic impact on
esophageal mucosal inflammation. Specifically, it exerts a protective
effect on the esophageal mucosa at lower doses (0.1 and 0.3 mg/kg),
while displaying damaging effects at higher doses (1 mg/kg). Both of
these effects are mediated through the activation of the EP1 receptor
(Yamato et al., 2005; Takeuchi and Amagase, 2018). In addition, a
randomized, single-blind, placebo-controlled, cross-over trial in
recent years found that EP1 receptor may also be involved in the
occurrence of TLESRs. An EP1 receptor antagonist, ONO-8539, has
been shown to significantly reduce the frequency of TLESRs
(Sawada et al, 2020).These findings suggest that targeting the
EP1 receptor could be a promising therapeutic approach for
patients with refractory GERD and further researches on drugs
acting on EP1 receptor should be designed. The development of
these novel drug types remains a highly active research field, playing
a pivotal role in addressing the concerns of patients who are
apprehensive about undergoing endoscopic or surgical
interventions.

The third is that joint behavioral interventions may be beneficial.
We that the field of

psychogastroenterology may provide a new treatment for this

hypothesized developments  in
disease until new breakthrough drugs are invented. Presently, an
increasing number of studies are uncovering the significant role
played by psychosocial factors in refractory GERD (Riehl and Chen,
2018; He et al., 2022) such as depression (Kimura et al., 2016),
anxiety (Ribolsi et al., 2023) and sleep disorders (Kawara et al.,

2017). The repeated and refractory discomfort experienced by

patients often leads to feelings of disappointment and
helplessness, which not only amplifies the perception of
symptoms but also impacts medication adherence and

responsiveness to medications such as PPIs.
For these patients, neuromodulators such as selective serotonin
reuptake inhibitors (SSRIs) can serve as crucial adjuncts to stabilize

symptoms.
superiority over omeprazole in improving heartburn symptoms,

mood and ameliorate Fluoxetine demonstrated
particularly among patients without esophageal mucosa erosion and
normal acid exposure (Ostovaneh et al., 2014). One study have
shown that taking 20 mg of citalopram daily can improve symptoms
in patients with hypersensitive esophagus by 61.5% compared to
33.3% 2012).
gastroenterologists collaborating

Therefore,
with

with  placebo (Viazis et al,

should  consider
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psychological experts to conduct a thorough evaluation of patients
with anxiety, depression, and other psychological disorders. In cases
where these conditions coexist, combination therapy should be
considered to enhance the efficacy of refractory GERD treatment.
In addition, there is an increasing utilization of behavioral
interventions targeting these underlying mechanisms, such as
cognitive behavioral therapy (CBT), which advises clinicians to
guide patients away from solely seeking all the symptoms relief.
Encouraging the acceptance and tolerance of residual symptoms
may help alleviate the negative emotions experienced by the patient
(Riehl et al, 2015; Sawada et al, 2019). The intervention of
diaphragmatic breathing training (DBT) has the potential to
enhance therapeutic outcomes for GERD, while also contributing
to improved sleep quality and overall life satisfaction. This
improvement may be attributed to the mechanism of increasing
the disparity between LES and stomach pressure to reduce
postprandial reflux events (Halland et al., 2021; Zdrhova et al,
2023; 2024). directed
hypnotherapy has been shown to be an effective mode of

Mosa et al, Moreover, Esophageal
treatment for regulating discomfort by adjusting the patient to a

state of deep relaxation and concentration (Riehl et al., 2016).

4.8 Potential barriers and challenges

In fact, despite decades of extensive research, there are only two
drugs, namely PPIs developed early on and P-CAB approved in
2016, which have profound impact and are widely recommended by
consensus for the research field of GERD (whether RE, NERD or
refractory GERD) (Talley and Zand, 2021). Currently, there are
ongoing studies aimed at optimizing acid-suppressive therapy to
enhance the management of refractory conditions. For example,
from the perspective of pharmacokinetics and pharmacodynamics,
they recommend refractory GERD patients to take acid inhibitors
before meals as an important drug administration strategy because
there is indirect evidence that this is more effective in alleviating
symptoms (Zerbib et al., 2021a). Moreover, refractory GERD
patients with persistent esophagitis or continuous esophageal acid
exposure would derive greater benefits from stronger PPIs
medications (Kinoshita et al., 2018). However, both drugs are
essentially acid suppressants that act on the acid reflux
mechanism by acting on the H+/K+-ATPase of gastric parietal
cells. Given the intricate pathogenesis, an increasing number of
researches have directed their attention towards factors other than
acid reflux. For instance, the therapeutic effects of alginates are
achieved by displacing the postprandial gastric acid pocket to
alleviate distress in patients experiencing breakthrough symptoms
(De et al., 2014; Leiman et al., 2017). Patients with persistent
acid  breakthrough
suggested intragastric pH < 4 for more than one continuous

nocturnal (impedance-pH  monitoring
hour overnight) can try to add Histamine type-2 receptor
antagonists (H2RAs) at bedtime, but the supporting evidence is
limited (Fackler et al., 2002; Mainie et al., 2008; Wang et al., 2009).
The recent phase IIb study has confirmed that IW-3718, a gastric-
retentive and extended-release formulation containing the bile acid
sequestrant, effectively binds and sequesters bile acids enroute to the
esophagus, providing significant relief for refractory heartburn and
acid reflux symptoms (Vaezi et al., 2020). There are also Baclofen, a
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gamma-aminobutyric acid (GABA)-B receptor agonist and
Prokinetics mentioned above. All of these medications have the
characteristic of being only adjunctive or experimental to acid
suppressant to attempt to alleviate the distress of patients with
different clinical characteristics.

This poses the first significant challenge in the management of
refractory GERD. Despite the development of various drugs
targeting mechanisms beyond acid inhibition, their clinical
application and evidence support remain limited, failing to
provide definitive critical efficacy. Currently, there is an unmet
need for new first-line drug options for refractory patients, as
large-scale clinical studies lack evidence in this regard. Ongoing
research focusing on novel mechanisms such as neuroimmunology
and psychosomatic factors holds great promise.

The second challenge is that the pathogenesis of refractory
GERD is not simple and homogenous, it is influenced by dozens
of factors as mentioned above, which means that we cannot be sure
which factor plays the most important role in this disease. In
response, —multi-targeted  therapies and  multidisciplinary
collaborative treatment programs may be the way and the hope
to overcome these barriers.

The third challenge lies in accurately identifying patients who truly
have refractory GERD from a clinical perspective. A rigorous procedure
should involve allowing patients to comply with an 8-week pre-
treatment of PPIs, completing a questionnaire, and undergoing
screening by specialists. Finally, objective indicators are utilized to
confirm the suitability of conditions. It may even be necessary to
employ prolonged wireless pH monitoring and conduct multiple
high-resolution manometry tests. However, the current trend in
clinical studies is to overlook this step and place greater emphasis
on patients subjective outcomes. It is imperative for clinicians and
researchers to allocate more attention to this aspect.

5 Conclusion

According to our bibliometrics insights, the following directions are
expected to be developed in the future. Firstly, high-quality clinical
studies should not overly rely on patients subjective perceptions but
instead adhere strictly to diagnostic criteria and include only those
patients who genuinely meet the requirements. This is crucial for
minimizing misclassification bias in statistical findings. Secondly, the
research in the field of neuroimmunology and psychopsychology is
poised to become a pioneering area, with potential for significant
advancements. The collaboration among diverse disciplines,
including joint expertise from psychological professionals, can
greatly facilitate the progress in this domain. Moreover, behavioral
intervention is currently a prominent area of research and is anticipated
to function as an alternative therapeutic approach until novel, stable
medications targeting multiple mechanisms are developed. Finally,
close cooperation between different disciplines and regions and
keeping up with the frontiers of modern science and technology
should be an effective way to promote the innovative development
of research on refractory GERD.

It is worth emphasizing that, our study is the first bibliometric
analysis of the global literature on refractory GERD, elucidating the
research process and evolutionary trends in this field from 2000 to 2023.

This work visually demonstrates the development status, cooperative
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relationship, research focus, and possible hotspots of this disease.
Currently, research in this area focuses on standardized diagnosis
and management, and in-depth exploration of novel mechanisms
such as neuroimmune interaction. Meanwhile, efforts should also be
made to design simpler, more accurate, and more stable monitoring
methods and seek new treatment options based on different
mechanisms, including the development of innovative drugs and
procedures. In conclusion, it is hoped that this research will provide
valuable insights for researchers, enabling them to quickly and
comprehensively understand the historical background, current
status, and future directions of refractory GERD.

5.1 Limitations

This study has limitations. Firstly, due to the constraints of
bibliometric tools, we exclusively relied on the more authoritative
and comprehensive database-Web of Science for data retrieval.
Secondly, although our retrieval method was designed to be
relatively comprehensive, it inevitably failed to capture certain
articles. Additionally, subjective and professional experience
limitations may have influenced the data-cleaning process. These
above issues might have impacted the accuracy of our retrieved data.
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