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Abstract: In recent years, remarkable strides have been made in the management of gastrointestinal
disorders, transforming the landscape of patient care and outcomes. This article explores the latest
breakthroughs in the field, encompassing innovative diagnostic techniques, personalized treatment
approaches, and novel therapeutic interventions. Additionally, this article emphasizes the use
of precision medicine tailored to individual genetic and microbiome profiles, and the application
of artificial intelligence in disease prediction and monitoring. This review highlights the dynamic
progress in managing conditions such as inflammatory bowel disease, gastroesophageal reflux disease,
irritable bowel syndrome, and gastrointestinal cancers. By delving into these advancements, we offer
a glimpse into the promising future of gastroenterology, where multidisciplinary collaborations and
cutting-edge technologies converge to provide more effective, patient-centric solutions for individuals
grappling with gastrointestinal disorders.
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1. Introduction

The group of gastrointestinal disorders [GI] is characterized by various combinations of
motility disturbances, visceral hypersensitivity, changes in mucosal and immune function,
changes in gut microbiota, and central nervous system processing [1]. These disorders
include inflammatory bowel diseases [IBDs], functional gastrointestinal disorders [FGIDs]
like irritable bowel syndrome [IBS], gastroesophageal reflux disease [GERD], peptic ulcers,
colorectal cancer, and others [2]. IBDs encompass collection of chronic conditions that
lead to inflammation in the digestive tract, significantly impacting quality of life through
symptoms such as abdominal pain, diarrhea, rectal bleeding, and fatigue [3]. IBD affects
millions of people worldwide, with a higher prevalence in Western countries [4,5]. The
two conditions under IBD are, Crohn’s disease and ulcerative colitis. Despite sharing
similarities, these conditions have distinct differences. Crohn’s disease can affect any part
of the digestive tract, from the mouth to the anus [6,7] In Crohn’s disease, inflammation
occur in patches, leading to ulcers and bowel wall thickening resulting in symptoms such
as abdominal pain, diarrhea, weight loss, and malnutrition [8]. Complications may include
fistulas or abscesses. On the other hand, ulcerative colitis primarily affects the colon
and rectum [9]. The inflammation in ulcerative colitis is continuous and limited to the
innermost lining of the colon, causing bloody diarrhea, abdominal pain, and a constant
urge for bowel movements. Severe cases may lead to complications like toxic megacolon or
colon cancer [10,11]. The exact causes of IBD remain unclear, but it is thought to involve
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a combination of genetic, environmental, and immune system factors. Genetics plays a
significant role in individuals with family history of IBD. Several genes associated with
increased susceptibility to IBD have been identified [12]. However, not all individuals with
these genetic repertoires develop the disease, indicating the involvement of other factors.
Consuming western diet, particularly processed foods, sedentary lifestyle, and exposure
to certain infections or pollutants may increase IBD risk [13]. Smoking is a known risk
factor for Crohn’s disease but appears to have a protective effect against ulcerative colitis.
The immune system’s role is pivotal in IBD development [14]. In individuals with IBD,
the immune system erroneously attacks the healthy cells in the digestive tract, causing
inflammation, likely triggered by both genetic and environmental factors [15].

A comprehensive assessment of the patient’s medical history, a physical examination,
and various tests are necessary to diagnose IBD. Blood tests can help to identify inflamma-
tion or anemia, while stool tests can detect infections or parasites. Endoscopic procedures,
such as colonoscopy or sigmoidoscopy, allow direct examination of the digestive tract and
the collection of tissue samples for further analysis. Imaging studies, including computed
tomography [CT] scans or magnetic resonance imaging [MRI] scans, provide additional
information about the extent and location of inflammation [16]. Differentiating between
Crohn’s disease and ulcerative colitis is crucial. In some cases, making a definitive diagnosis
may be challenging, necessitating additional tests or consultations with specialists [17].

Furthermore, the pathophysiological mechanisms underlying GI disorders remain
incompletely understood. Nevertheless, the biopsychological model, which considers
genetic, cultural, environmental, and psychological factors, suggests potential causes,
including modifications of gut microbiota, gastrointestinal motility, and the gut-brain
axis. These factors are also linked to low-grade inflammatory processes and visceral
hypersensitivity. The pathophysiology of GI disorders is complex, but the biopsychological
model provides a framework for understanding it [18]. The bidirectional communication
pathways between the gut and the brain play a major role in the pathogenesis of GI
disorders. The model also considers the interaction of psychosocial factors, genetics,
environmental factors, diet, early life trauma, and disruptions in the gut-brain axis with
functional GI disorders. Another mechanism for the pathogenesis of GI disorders is the
direct infection of gastrointestinal cells with a virus [19]. The family of coronaviruses [CoVs],
for instance, has a direct relationship with the health of the gut. SARS-CoV-2 [severe acute
respiratory syndrome coronavirus 2] uses ACE2 [angiotensin-converting enzyme 2], as a
receptor to enter cells, as ACE2 is expressed in the gastrointestinal tract [20,21]. This is why
GI tract may be a target organ for the virus. Clinicians need to investigate the symptoms
carefully to prevent and cure GI disorders. Patients with GI disorders manifest a wide range
of symptoms depending on the specific condition they are experiencing. These symptoms
can be mild, moderate, or severe, and may recur or persist over time. It is essential to
note that many GI disorder share overlapping symptoms, making an accurate diagnosis
reliant on a comprehensive evaluation by a healthcare provider. Individual experiencing
persistent or severe gastrointestinal symptoms are advised to seek medical attention to
understand the underlying cause and initiate appropriate treatment. Treatment guidelines
include four major levels: educating the patient about the disorder, consultation, nutrition
management, and drug treatment [22,23].

Medications play a crucial role in managing IBDs by reducing symptoms and maintain-
ing remission. Depending on the type and severity of the condition, as well as the patient’s
individual history, different medications can be prescribed [24]. Aminosalicylates [5-ASA
drugs], are commonly used to treat mild to moderate forms of IBD, reduce inflammation in
the lining of the digestive tract. Corticosteroids are potent anti-inflammatory medications
that can provide rapid relief for individuals with moderate to severe IBD, by suppressing
the immune system and reducing inflammation. However, due to their potential side
effects, such as weight gain, mood swings, and bone thinning, corticosteroids are typically
used for short-term treatment or as bridge therapy while waiting for other medications to
take effect [25,26].
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Immunomodulators, such as azathioprine or methotrexate, are utilised to suppress
the immune system’s abnormal response in individuals with moderate to severe IBD.
These medications can aid in inducing and maintaining remission, reducingthe need for
corticosteroids, and preventing the recurrence of symptoms [27]. However, their effects
may take several weeks or months to become noticeable. Biologic therapies represent a
newer class of medications target specific molecules involved in the inflammatory process.
Examples include infliximab, adalimumab, or vedolizumab, which are generally effec-
tive for individuals with moderate to severe IBD who have not responded well to other
treatments. Biologics are administered either as intravenous infusions or subcutaneous
injections and can induce and maintain remission, reduce the need for corticosteroids, and
promote mucosal healing [28]. Antibiotics may be prescribed in specific cases of IBD, such
as those involving infection or abscess formation. While antibiotics can help reduce inflam-
mation and prevent complications, they are not typically used as long-term maintenance
therapy [29].

Thus, managing GI disorders involves a multifaceted approach encompassing pre-
endoscopic, endoscopic, and post-endoscopic interventions. Tailoring the management
plan to the specific condition and patient’s needs is essential for optimizing outcomes and
improving the quality of life of patients [30]. Patients suspected of GI bleeding, such as
hematemesis, or melena, requires different treatments based on the etiology of the bleeding
or disorder. Therefore, evaluation of the symptoms and vital signs is critical. The entire
treatment history must be assessed, particularly in case of hypovolemic shock, rapid pulse
rate, and high blood nitrogen level at the time of presentation [31].

This narrative literature review aims to discuss the various management strategies
for GI disorders available worldwide. To identify better treatment practices, we have
highlighted the knowledge gap, advancements in diagnostic and current treatment meth-
ods, discussed precision medicine, and addressed the current challenges and management
recommendations. Furthermore, we also incorporated the side effects of different therapies
and potential future prospects. The search includes studies related to gastrointestinal
disorders and their management strategies, as well as advances in diagnosis and treatment
approaches using search engines such as Google Scholar and PubMed.

2. Diagnostic Innovations: From Traditional to Precision Medicine

The progression of diagnostics for gastrointestinal disorders has been remarkable,
transitioning from traditional methods to a technologically advanced precision medicine.
This evolution has not only improved diagnostic accuracy and timeliness, but it has also
enabled more personalized and patient-centered treatment. Historically, GI disorders were
diagnosed primarily through clinical evaluation, which included the patient’s medical
history and physical examination [32]. While these traditional methods remain impor-
tant, they frequently lack the specificity required for precise diagnosis, particularly in
complex conditions such as IBS. The diagnostic innovations along with their advantages,
applications, and related GI disorders are summarized in Table 1.

X-rays, barium contrast studies, and computed tomography [CT] scans have all played
important roles in detecting structural abnormalities in the gastrointestinal tract. However,
these methods provide limited insight into functional and molecular aspects of diseases
and involve exposure to ionizing radiation. The evolution of diagnostic technique has
led to modern endoscopy, which has significantly improved diagnostic capabilities for GI
disorders [33]. High-definition imaging, narrow-band imaging [NBI], and confocal laser
endomicroscopy [CLE] have enhanced visualization and tissue characterization precision,
allowing for early detection and targeted biopsies. Furthermore, the incorporation of
non-invasive biomarkers, such as fecal occult blood testing [FOBT], serum markers [such
as CA 19-9], and fecalcal protectin, has transformed the diagnostic process by providing
more accessible and less invasive options for detecting conditions such as colorectal cancer
and IBD [34]. Advances in molecular biology and genetics have introduced molecular
diagnostics into gastroenterology. Technique such as polymerase chain reaction [PCR]
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and next-generation sequencing [NGS] allow for the detection of specific genetic muta-
tions, aiding in the precise diagnosis for conditions such as hereditary colorectal cancer
syndromes [35].

The COVID-19 pandemic has accelerated the adoption of telemedicine and remote
monitoring tools in gastroenterology. Virtual consultations and wearable devices enable
healthcare providers to remotely monitor patients, collect data, and make clinical decisions
in real-time [16]. As illustrated in Figure 1, conventional endoscopy has been the gold
standard for diagnosing and treating GI diseases. This technique involves inserting a
flexible tube with a camera into the GI tract to visualize the lining of digestive system [36].
However, with the development of a biopsychological model of the disease, treatment has
shifted its focus to the virtual modes of treatment targeting the brain-gut axis. Despite
advances in understanding the brain-gut axis and its role in GI disorders, clinicians often
persist in using the Cartesian split for treatment [37]. Many gastroenterologists continue to
ignore or deny the role of the central nervous system [CNS] in disorders such as functional
or IBD or chronic oesophageal disorders including functional heartburn [FH] and functional
chest pain [FCP] and dismiss psychological comorbidity as neurotic or hysterical behaviour
unrelated to the disease process. Conversely, psychiatrists have been more accepting of
the concept of somatization, viewing the manifestation of CNS pathology as more physical
symptoms, but have yet to establish a basis for various symptom-based somatic syndromes,
especially concerning the GI tract [1].
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Figure 1. Timeline for the Gastrointestinal Care Advancement.

Several advancements in the treatment of GI disorders has been incorporated into
clinical practice [37]. However, many patients present risk factors such as advanced age
and multiple significant comorbidities associated with poorer outcomes. Although the
cause of GI disorders remains unknown, guidelines often classify them as variants and
subtypes until endoscopy is performed. Personalized treatment is deemed the optimal
approach to managing patients. Nonetheless, symptom overlap is a common complexity
in these cases. As a result, two or more FGIDs, as well as other medically unexplained
conditions such as chronic fatigue syndrome or fibromyalgia, may coexist. The frequency
and severity of gastrointestinal symptoms, along with the number of co-existing FGIDs, all
contribute to the prevalence of anxiety and depression [1,38].



J. Clin. Med. 2024, 13, 3977 5 of 21

The possible targeted interventions include therapies that reduce immune activation,
block the release of histamine or utilise specific microbial treatments, along with dietary
changes to eliminate relevant food antigens. Only by identifying causation, we can hope
to anticipate a cure. Clinical findings indicate that the brain’s close interaction with the
GI tract leads to a significant alteration in the bidirectional relationships between brain
function and emotional states, likely to cause a wide range of functional and organic GI
disorders. Influences from the brain on the gut may be more important in functional GI
disorders, whereas influences from gut inflammation on brain function are more important
in organic GI disorders [1].

Endoscopic techniques have broadened the scope of minimally invasive treatments.
Endoscopic mucosal resection [EMR] and endoscopic submucosal dissection [ESD] have
allowed for the removal of early gastrointestinal cancers and large polyps without surgery.
Endoscopic retrograde cholangiopancreatography [ERCP] and endoscopic ultrasound-
guided fine-needle aspiration [EUS-FNA] have established better diagnosis and manage-
ment of pancreatic and biliary diseases with minimal invasiveness [39]. Metabolomic
research has identified biomarkers in bodily fluids that correlate with disease status. For ex-
ample, measuring elevated fecal calprotectin levels has become a non-invasive method for
assessing intestinal inflammation in IBD patients [40]. Technological advances in metage-
nomics have revealed the importance of gut microbiota in gastrointestinal health. As seen
in case of fecal microbiota transplantation for recurrent Clostridium complicated infection,
microbiome analysis helps to identify dysbiosis and guide therapeutic interventions [41].

Endoscopy has long been used to diagnose and treat digestive problems. Significant
advancements inin endoscopic technology from 1805 to 2021, transitioning from straight
tube to AI driven diagnostic methods [as depicted in Figure 2], have enhanced the diagnos-
tic precision and facilitated minimally invasive approaches for therapeutic interventions.
These advancements have improved the early detection of gastrointestinal conditions and
treatment of GI cancers [42,43].
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New endoscopic techniques such as chromoendoscopy, narrow-band imaging [NBI],
flexible spectral imaging color enhancement [FICE], magnification endoscopy, confocal
laser endomicroscopy [CLE], and i-SCAN have upgraded the sensitivity and specificity
of cancer and precancerous lesion detection. These modern endoscopic technologies have
improved the prognosis for gastrointestinal cancers by enabling early detection and treat-
ment [43]. These developments marked a shift toward precision medicine, which aims to
tailor medical treatment according to each patient’s unique characteristics. High definition
[HD] imaging systems in modern endoscopes provide exceptional clarity and detail, al-
lowing physicians to visualize subtle mucosal abnormalities. High-definition endoscopy
has been instrumental in detecting colorectal polyps and early-stage gastrointestinal can-
cers [44]. NBI is an optical enhancement technique that uses specific light wavelengths
to improve the visibility of mucosal structures and vasculature. This technology aids in
distinguishing benign from malignant lesions, thereby improving diagnostic accuracy
during endoscopy [45].

Endoscopic ultrasound [EUS] combines endoscopy with ultrasound technology to
provide high-resolution imaging of the gastrointestinal wall and adjacent structures. It is
particularly valuable in staging gastrointestinal cancers and assessing the depth of invasion,
lymph node involvement, and vascular invasion [46].

The use of biomarkers in the early diagnosis, monitoring, and treatment of GI disorders
marks a significant advance in personalized medicine. Biomarkers, which are indicators of
biological processes or disease states, are critical in improving the precision and efficacy
of patient care across a wide range of gastrointestinal conditions [47]. Biomarkers have
transformed disease monitoring in chronic GI conditions such as IBD. Alanine aminotrans-
ferase [ALT] and aspartate aminotransferase [AST] are enzymes that are used to assess liver
function, including non-alcoholic fatty liver disease [NAFLD]. Therefore, biomarkers are
crucial in customising treatment approaches for gastrointestinal disorders [48].

Biomarkers like fecalcal protectin and C-reactive protein [CRP]act as indicators of
inflammation in disorders such as IBD, aiding in medication optimization and disease
monitoring [47]. Serum markers such as carcinoembryonic antigen [CEA] and carbohydrate
antigen 19-9 [CA 19-9] assistin the diagnosis and monitoring of gastrointestinal cancers,
enabling clinicians to make informed treatment and follow-up decisions [49]. Overall,
endoscopic techniques, imaging modalities, and biomarker identification have improved
the diagnosis and management of gastrointestinal disorder, allowing for earlier detection
and more effective treatment.

High-throughput DNA sequencing techniques, such as next-generation sequencing
[NGS], are effective in identifying genetic variants associated with GI disorders. NGS
can identify gene mutations such as APC, SMAD4, and MSH2in patients with familial
adenomatous polyposis [FAP], assisting in early detection and personalized risk assessment.
Transcriptomic and proteomic profiling have enabled the identification of disease-specific
signatures. In IBD, gene expression profiling can distinguish between active and dormant
disease states, guiding treatment decisions [50].

Table 1. Diagnostic Innovations in Gastrointestinal Disorder Management.

Diagnostic Method Advantages Applications Associated Disease Types Reference

Advanced Endoscopy Early detection of lesions
and abnormalities

Gastrointestinal cancer
screening, Precise

localization
of lesions

Gastrointestinal cancers [36]

Biomarker Analysis Non-invasive
disease detection

Monitoring disease
progression, Treatment

response assessment
IBD, Cancer [51]
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Table 1. Cont.

Diagnostic Method Advantages Applications Associated Disease Types Reference

Molecular Imaging High-resolution
visualization of tissues

Visualizing inflammation,
tissue changes,
Disease staging

Gastrointestinal
cancers, Inflammation [52]

Serological Assays
Identification of
disease-specific

antibodies

Autoimmune
gastrointestinal disorder,

Infection diagnosis
Celiac disease, Infections [53]

Capsule Endoscopy
Minimally invasive

visualization of
the GI tract

Small intestine
exploration, Diagnosing

obscure bleeding

Small intestinal disorders,
Bleeding disorders [54]

Virtual Colonoscopy
CT scan-based colon

imaging without
invasive procedure

Colorectal cancer
screening,

Polyp detection
Colorectal cancer, Polyps [55]

Breath Tests

Analysis of gases for
detecting specific
gastrointestinal

conditions

H. pylori infection,
Carbohydrate
malabsorption

H. pylori infection,
Malabsorption [56]

Stool DNA Testing
DNA analysis from stool

samples for colorectal
cancer screening

Early detection of
colorectal cancer,

Adenoma identification

Colorectal cancer,
Precancerous lesions [57]

3. Artificial Intelligence in Gastrointestinal Care

Artficial intelligence [AI] technologies introduced invarious medical domains are
noticeably transforming the healthcare landscape. Among these, gastroenterology is under-
going a paradigm shift as AI-driven solutions are being used to develop gastrointestinal
diagnostics, treatment strategies, and overall patient care [58]. The potential of artificial
intelligence in gastrointestinal care stems from its ability to analyse large amounts of patient
data, including medical records, imaging studies, and genetic information, to extract mean-
ingful insights. This transformative capability enables early disease detection, accurate
diagnosis, individualized treatment, and even disease progression prediction. Furthermore,
AI has the potential to alleviate the resource constraints and clinical variability common
in the management of GI conditions, thereby standardizing care and improving patient
outcomes [59].

Endoscopic AI algorithms can aid in real-time lesion detection and characterization,
augmenting the accuracy of procedures such as colonoscopies and esophagogastroduo-
denoscopies [60]. AI-enabled image analysis in radiology can aid in the detecting subtle
abnormalities in radiographic studies, allowing for early diagnosis and intervention [61].
However, incorporating AI into gastrointestinal care presents challenging. AI-powered
predictive models have emerged as a promising tool for disease risk assessment, transform-
ing how healthcare professionals identify individuals at high risk of developing various
conditions, including GI disorders [62]. These models can analysediverse datasets to
create personalised patient risk profiles, encompassing genetic profiles and microbiome
compositions, dietary habits and clinical history. Implementing AI-driven predictive mod-
els in clinical practice, however, necessitates careful validation, integration into existing
healthcare workflows, and transparent patient communication [63].

During endoscopy and radiological imaging, AI algorithms, particularly in image
analysis, have demonstrated remarkable accuracy in detecting gastrointestinal lesions,
tumors, and polyps. Machine learning models can process large amounts of visual data
quickly, assisting healthcare providers in identifying abnormalities that the human eye may
miss [64] AI-enabled predictive analytics have the potential to revolutionize gastrointestinal
disease management, especially in chronic conditions like IBD/IBS, where therapy response
varies greatly between patients [65]. AI-driven treatment optimization reduces the burden
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on patients and healthcare systems by minimizing trial and error. AI-powered telemedicine
platforms and wearable devices enable continuous monitoring of gastrointestinal condi-
tions. Patients can collect data on symptoms, dietary habits, and vital signs, which AI
algorithms can analyze for disease activity or medication adherence [66]. The use of AI also
accelerates drug discovery by identifying potential therapeutic targets and predicting drug
efficacy through molecular and genetic data analysis. This has far-reaching implications for
developing novel treatments for GI, including precision medicine approaches [67].

AI and ML-powered diagnostic tools can also help to standardize diagnostic pro-
cesses. These technologies increase the consistency of diagnoses across different healthcare
providers and settings by reducing subjectivity and variability in interpretation [68] In a
recent study, analgorithm developed based on specific texture and color filters, combined
with ML achieved a sensitivity and specificity of 83% [69]. This algorithm correctly identi-
fied early neoplastic lesions from endoscopic images, implying its potential use in clinical
settings [70].

4. Therapeutic Breakthroughs: Precision Treatment Approaches

Precision treatment approaches in gastrointestinal care are ushering a new era of ther-
apy tailored to the unique characteristics of each patient, enhancing treatment outcomes,
reducing side effects, and optimising healthcare resource utilization [71]. Several exciting
therapeutic breakthroughs have reshaped the scenario of gastrointestinal care, opening
new opportunities for both patients and clinicians in recent years [Figure 3]. One promising
group of the drugs for GI is Janus kinase [JAK] inhibitors, such as tofacitinib and upadac-
itinib have shown efficacy in the treatment of moderate to severe ulcerative colitis [72].
Anti-IL-23 and anti-IL-12 antibodies, such as ustekinumab and risankizumab, have shown
efficacy in Crohn’s disease [73,74]. Precision medicine aims to provide tailored treatment
plans based on an individual’s unique genetic profile. By analyzing an individual’s genetic
information, healthcare providers can identify specific gene mutations or variations that
may contribute to the development of IBD [75,76].
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This information can guide the selection of appropriate medications and dosages,
minimizing side effects and maximizing treatment efficacy. One example of genomic testing
in IBD is the identification of the NOD2 gene mutation [77]. This mutation is associated
with an increased risk of developing Crohn’s disease. By identifying individuals with this
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mutation, healthcare providers can implement preventive measures and tailor treatment
plans to manage the disease effectively. In addition to identifying genetic variations,
genomic testing can also predict an individual’s response to specific medications [78].

5. Biomarkers in Precision Medicine for IBD

As previously discussed, elevated levels of CRP and fecal calprotectin are associated
with active inflammation in the gut, indicating the need for more aggressive treatment
approaches. Precision medicine is not limited to clinical practice, it also plays a vital
role in advancing research and development [79,80]. Clinical trials focusing on precision
medicine in IBD are ongoing, aiming to discover new treatment targets and optimize
existing therapies. For example, biologics, such as anti-TNF agents and anti-integrin
antibodies, have revolutionized IBD treatment by directly inhibiting the inflammatory
cascade. These targeted therapies have shown promising results, inducing and maintaining
remission in many patients [81].

The gut microbiome is a collection of microorganisms found in the digestive tract,
including bacteria, viruses, fungi, and other microorganisms. These microorganisms are
essential for digestion, immune system regulation, metabolism, and overall gut health.
Fecal microbiota transplantation [FMT] is a microbiota-based intervention that involves
transferring faeces from a healthy donor to a recipient [82]. The procedure aims to restore a
balanced, healthy microbiome compositionin the gut. FMT has been studied for recurrent
Clostridium difficile infections [CDI], IBD, IBS, and metabolic disorders [83]. Rather than
using whole faeces, researchers are investigating targeted approaches to modulate the
microbiome, including the use of specific bacteria strains and prebiotics [84].

While microbiota-based interventions show promise, several challenges need to be
addressed, such as donor screening and long-term effects. It is critical to select appro-
priate donors for FMT to ensure safety and effectiveness [85]. Donors undergo thorough
screening to prevent the spread of infections or other unwanted microbes. The long-term
consequences of FMT and microbiome modulation are still being investigated, as altering
the gut microbiome may have unintended consequences. FMT is currently regulated by
health authorities, and guidelines are evolving as research advances [84].

FMT has shown promising results in managing IBD symptoms and improving overall
gut health. Several studies have reported positive outcomes, with individuals experiencing
reduced inflammation, improved symptoms, and increased quality of life after FMT [86].
The procedure has also been found to be relatively safe, with a few adverse effects reported.
One of the main advantages of FMT is its potential for long-term remission. Unlike tradi-
tional treatments for IBD, which may only provide temporary relief, FMT has the potential
to induce long-lasting changes in the gut microbiota, leading to sustained improvements
in symptoms [87]. This is particularly exciting for individuals with IBD who have not
responded well to conventional therapies or who experience frequent flare-ups. However,
it is important to note that FMT is still considered an experimental treatment for IBD and is
not widely available [88]. Although commercial the shelves product are now available to be
used for FMT, There are also risks associated with the procedure, including the transmission
of infectious diseases, allergic reactions, and the potential for adverse effects from the donor
material. As such, FMT should only be performed by experienced healthcare professionals
in specialized settings.

The role of FMT in managing IBD is continuously evolving through ongoing clinical
trials. These trials have provided more robust evidence regarding the benefits and risks
of FMT in IBD management and have helped identify the most effective methods of
administration [89]. Preliminary results from some clinical trials have shown promising
outcomes, with a significant proportion of individuals experiencing symptom improvement
and disease remission following FMT. However, further research is needed to determine the
optimal timing, frequency, and duration of FMT treatment, as well as to identify the specific
subgroups of individuals with IBD who are most likely to benefit from this intervention [90].
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As the field of microbiota-based interventions and FMT continues to evolve, there
is an increasing recognition of their potential role in the management of IBD [91]. These
interventions have the potential to complement existing treatment options and provide
additional benefits for individuals with IBD. Integrating microbiota-based interventions
into IBD treatment plans requires a personalized approach [92]. Healthcare providers
need to consider individual factors such as disease severity, subtype, and response to
conventional therapies when determining the most appropriate interventions. Additionally,
ongoing monitoring and follow-up are essential to assess treatment response and make
necessary adjustments to the treatment plan [93,94].

6. Advancements in Pharmacotherapy for Gastrointestinal Disorders

Pharmacotherapy for GI disorders has made significant advances, revolutionizing
the treatment of a variety of conditions [Figure 3]. These advancements have been driven
by a better understanding of the underlying pathophysiology and the pursuit of targeted
therapeutic strategies [95]. IBD, which includes Crohn’s disease and ulcerative colitis, has
seen the emergence of novel agents. Tofacitinib and upadacitinib, two JAK inhibitors,
have shown efficacy in modulating the immune response and alleviating symptoms [96].
Furthermore, the introduction of biological therapies that target specific cytokines, such
as interleukin-23 [IL-23] and IL-12, including ustekinumab and risankizumab, has shown
promise in inducing remission and maintaining disease control. Serotonin receptor modu-
lators such as alosetron and lubiprostone, provide targeted symptom relief in IBS [97,98].

Extensive research on personalized therapies, focusingon the gut microbiome’s in-
volvement in metabolic and functional diseases, is anticipated [99].

7. Gene Therapies and Gene Editing for Inherited Gastrointestinal Disorders

Advances in molecular biology have created unprecedented opportunities for treating
inherited GI disorders. Gene therapies and gene editing techniques hold immense promise
in addressing the genetic abnormalities underlying various GI disorders [100]. The process
of introducing functional genes into patients’ cells to correct or replace malfunctioning
genes is known as gene therapy. This approach is particularly promising for inherited
GI with well-characterized genetic mutations. For instance, gene therapy aims to deliver
functional CFTR [Cystic Fibrosis Transmembrane Conductance Regulator] genes into
affected cells in diseases such as cystic fibrosis, where mutations in the CFTR gene cause
defective chloride ion transport [101]. Recent advances in viral vector design and delivery
systems have increased the efficiency of gene transfer, allowing for more precise targeting
of affected tissues [102,103].

CRISPR-Cas9 gene editing techniques have transformed the research or health science
field by allowing precise modification of specific DNA sequences. Single-gene mutation-
caused GI disorders are prime candidates for gene editing interventions [104]. CRISPR-Cas9
can be employed to correct the genetic mutation responsible for the enzyme deficiency in
conditions such as hereditary tyrosinemia type 1, where a deficiency in fumarylacetoacetate
hydrolase [FAH] leads to toxic metabolite accumulation [105]. By inserting the correct
genetic sequence into patient cells, the underlying metabolic dysfunction can be rectified.
Despite their potential, gene therapies and gene editing techniques face several significant
obstacles in treating inherited GI [106]. Key challenges include the successful delivery
of therapeutic genes or gene editing tools to specific target tissues, minimizing off-target
effects, and managing potential immune responses. Additionally, the ethical implications
of gene editing and the long-term consequences of genetic interventions require careful
consideration. Ongoing research is focused on improving delivery methods, increasing
gene editing precision, and ensuring the safety and efficacy of these approaches [107].

Irritable IBS, a gastrointestinal disorder linked to the gut microbiome, that manifests
symptoms like constipation, diarrhoea, or both. Recent studies have reported that varia-
tions in the normal gut microbiota may contribute to the low-grade intestinal inflammation
associated with IBS. Individuals with IBS exhibit an imbalance in the gut microbiomewith
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elevated levels of harmful bacteria/attachment to the intestine, such as Firmicutes, particu-
larly Ruminococcin, Clostridium, and Dorea while having a significant decrease in specific
species such as Bifidobacterium and Fecalibacterium spp. [108].

The findings on IBS can be leveraged to develop targeted interventions and therapies,
such as probiotics or prebiotics, to alter the gut microbiomeandpromote health and prevent
IBS symptoms. Colorectal cancer is another gastrointestinal disorder linked to the gut
microbiome [CRC] [109]. Research indicates that the gut microbiome may influence the
development and progression of CRC. For instance, certain bacterial specieslike Fusobac-
teriumnucleatum, are more abundant in CRC tumours compared to adjacent normal tissue.
Additional studies have found that the microbiome can influence the immune response
to CRC, thereby influencing tumour growth and progression. Microbiome analysis can
help identify specific microbial populations that may be involved in the development and
progression of CRC [110].

8. Minimally Invasive Interventions: Endoscopic and Surgical Advances

Endoscopic techniques have proven invaluable in the diagnosis of a wide range of
GI [33]. Compared to traditional surgical approaches, these minimally invasive proce-
dures offer the advantage of direct visualisation, enabling precise assessment, therapeutic
interventions, and reduced patient discomfort. Endoscopic advances have made a signif-
icant difference in the diagnosis and treatment of GI [111]. Endoscopy allows for direct
visualisation and intervention within the gastrointestinal tract using cutting-edge imag-
ing technologiesand adaptable instruments. Techniques such as endoscopic ultrasound
[EUS], capsule endoscopy, and double-balloon endoscopy have improved the accuracy of
disease localization and characterization accuracy, facilitating minimally invasive interven-
tions [112,113].

Laparoscopic and robotic-assisted surgeries have significantly transformed gastroin-
testinal interventions. These approaches offer several advantages over open surgeries,
including smaller incisions, less blood loss, and shorter hospital stays [114] With their en-
hanced dexterity and visualisation capabilities, robotic systems enable surgeons to perform
intricate procedures with unparalleled precision. Minimally invasive techniques are now
used to treat a wide range of gastrointestinal conditions, including gallbladder removal
and hernia repair, as well as complex colorectal resections and bariatric surgeries [115].

Diagnostic endoscopy is essential in the accurate diagnosis of gastrointestinal con-
ditions. Clinicians can directly visualise the mucosal surfaces of the oesophagus, stom-
ach, intestines, and colon using techniques such as esophagogastroduodenoscopy [EGD],
colonoscopy, and enteroscopy [115]. These procedures aid in the detecting abnormalities
such as ulcers, polyps, and lesions, allowing for early diagnosis and treatment. Advanced
imaging technologies, including chromoendoscopy, narrow-band imaging, and confo-
cal laser endomicroscopy, enhance visualisation and tissue characterization, ultimately
improving diagnostic accuracy [116].

Moreover, endoscopic interventions have evolved beyond diagnosis to encompass a
range of therapeutic procedures. Endoscopic mucosal resection [EMR] and Endoscopic
Submucosal Dissection [ESD]enable the removal of precancerous and early-stage cancerous
lesions without need for extensive surgery [117]. Endoscopic retrograde cholangiopancre-
atography [ERCP] can address biliary and pancreatic disorders, facilitating interventions
such as stone removal and stent placement. Endoscopic obesity therapies, such as intragas-
tric balloons and endoscopic sleeve gastroplasty, offer less invasive alternatives to surgical
weight loss procedures [118]. NOTES [Natural Orifice Transluminal Endoscopic Surgery
have the potential to combine the benefits of minimally invasive surgery with a truly scar
less approach. This may result in a lower risk of infection, shorter hospital stays, and higher
patient satisfaction [119,120].
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9. Robotic and Laparoscopic Surgery for Improved Outcomes and Reduced Invasiveness

The fusion of robotic and laparoscopic surgery has heralded a new era of surgical
precision and patient-centered care, reshaping the landscape of surgical interventions for
a variety of medical conditions, including GI disorders. These minimally invasive ap-
proaches provide enhanced visualisation, more precise instrumentation, and reduced tissue
trauma than traditional open procedures, resulting in better patient outcomes and shorter
recovery times. Robotic-assisted surgery synergizes human surgical expertise with the
advanced capabilities of robotic systems [121]. This synergy enables more precise and flexi-
ble procedures, particularly beneficial in complex gastrointestinal surgeries like colorectal
resections and esophagectomies. Laparoscopic surgery, characterized by small incisions
and specialised instruments, further minimizes invasiveness and enhances patient recovery.
It has emerged as the gold standard for a variety of gastrointestinal procedures, including
cholecystectomy and hernia repair. Laparoscopic techniques reduce postoperative pain,
reduce the risk of wound infection, and improve cosmetic outcomes, resulting in higher
patient satisfaction [122]. Figure 4 summarizes the application of artificial intelligence in
the preoperative, intraoperative and postoperative stages of GI diseases.
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10. Personalized Medicine in Gastrointestinal Disorders

Personalized medicine has emerged as a paradigm shift in healthcare, with application
to GI ailments holding enormous promise for improving diagnosis, treatment, and patient
outcomes [71]. As GI disorders encompass a wide range of conditions with varying
etiologies, clinical presentations, and treatment responses. Personalized medicine tailors
medical care to each patient’s unique characteristics, considering genetics, molecular
profiles, lifestyle, and environmental influences [122].

Genetics and genomics have ushered in a new era of personalized treatment strate-
gies, transforming the healthcare setting, particularly in GI medicine. This transformation
ensures comprehensive management through the application of artificial intelligence in
the preoperative, intraoperative and postoperative stages of the disease [71]. Individual
genetic makeup is crucial in determining disease susceptibility, progression, and response
to interventions [123]. Understanding these genetic underpinnings has opened up pre-
viously unexplored avenues for tailoring treatments to each patient’s specific genetic
profile [124]. Genetic and genomic information can reveal a person’s proclivity for GI
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disorders. Variations in genes linked to IBD, colorectal cancer, and celiac disease provide
critical information for determining disease risk. Genetic testing has the potential to identify
high-risk individuals, allowing for early interventions and screenings that lead to better
outcomes [125].

Comprehensive assessments that delve into a patient’s medical history, genetic predis-
positions, and biomarker profiles serve as the foundational step for tailoring therapeutics.
Patient’s data inform the selection of interventions that offer the highest probability of
success for a specific individual. In the case of IBDs, therapies can be personalised based on
disease severity, subtype, and genetic markers that influence the treatment response [126].
The integration of omics data, which encompassing genomics, proteomics, metabolomics,
and related disciplines, has emerged as a transformative force in precision medicine, es-
pecially within the field ofgastroenterology. Omics technologies enable comprehensive
profiling of biological molecules and processes, providing unprecedented insight into the
intricate molecular mechanisms underlying these disorders [127].

11. Future Prospects: Transforming Gastrointestinal Disorder Management

Rapid advances in medical research and technology are driving transformative changes
in the management of GI disorders. The future holds promising prospects that could rev-
olutionize diagnostic approaches and treatment strategies [128]. Emerging technologies
in diagnostics, such as liquid biopsy and advanced imaging modalities like molecular
imaging techniques provide non-invasive means to detect GI disorders early, allowing for
proactive interventions before symptoms manifest. Integrating genetic and omics data
will almost certainly improve predictive modeling, identifying high-risk individuals and
guiding personalized preventive measures [129]. Treatment paradigms are also chang-
ing and Precision medicine approaches will guide the development of targeted therapies
by considering genetic, molecular and lifestyle factors into account. Immunotherapies,
gene therapies, and microbiome-based interventions have the potential to transform the
treatment of diseases such a s IBD and diabetes are treated [129].

12. Emerging Technologies Such as Nanomedicine and Wearable Devices

Revolutionary technologies are emerging in the healthcare sectors with the potential
to reshape GI diagnosis, treatment, and management [130]. Nanomedicine and wearable
devices, two notable advancements, are poised to drive significant changes in this domain.
Nanomedicine involves the use of nanoparticles at the nanoscale to target specific cells,
tissues, or disease processes [131]. This approach promises highly targeted drug delivery
in GI, reducing side effects and increasing therapeutic efficacy. Nanoparticles can be
engineered to deliver medications directly to affected sites, overcoming the challenges of
traditional drug distribution and improving treatment outcomes. Wearable devices, which
enable continuous monitoring of vital signs, physiological parameters, and disease-specific
markers, are another significant development [132,133]. In the context of GI health, these
devices can track dietary habits, monitor symptoms, and provide early warnings of disease
flare-ups, allowing for timely interventions and personalized treatment adjustments [134].

13. Utilization of Telemedicine and Remote Patient Monitoring

Integrating telemedicine and remote patient monitoring has emerged as an effective
treatment strategy for GI, and redefined the interaction and collaboration between patients
and the healthcare system. These technologies improve accessibility, convenience, and
personalised care, particularly for people facing challenges due to geographic distance,
mobility, or chronic medical conditions [135]. Telemedicine facilitates remote consultations
between patients and healthcare professionals, reducing barriers to healthcare access.
Patients with GI disorders can consult specialists, discuss symptoms, and receive treatment
recommendations in the most comfortable setting possible [136]. Telemedicine platforms
enable real-time communication, ensuring timely responses to concerns and changes to
treatment plans [137].



J. Clin. Med. 2024, 13, 3977 14 of 21

14. Potential of 3D Printing in Customizing Treatment Solutions

3D printing has caused a paradigm shift in healthcare by enabling unprecedented
patient-specific treatment solutions, particularly in GI [138]. This technology has the po-
tential to completely transform the design and manufacture of medical devices, implants,
and anatomical models, allowing for more tailored interventions and better patient out-
comes [139,140]. The transformation of gastrointestinal disorder management through
novel therapies necessitates a critical examination of the ethical and social implications of
these advancements [141,142]. Informed consent emerges as a critical component, requiring
a comprehensive understanding of the intricacies, risks, and potential outcomes associated
with novel treatments by the patient. Equitable access to these therapies is imperative,
considering the possible disparities in affordability and availability that may exacerbate
healthcare inequalities [143]. Furthermore, the unknown long-term effects of interventions
such as gene editing and microbiota-based therapies raise ethical concerns about patient
well-being. The careful selection of donors for fecal microbiota transplantation (FMT)
warrants ethical scrutiny, encompassing considerations of donor influence on recipients
and the ramifications of such interactions [144].

3D-printed anatomical models enable surgeons to practice complex procedures prior to
surgery [145–147]. Additionally, 3D printing facilitates the creation of custom-made medical
devices and implants that precisely match an individual’s anatomy in GI applications [148].
Patients requiring gastrointestinal stents or prosthetics, for example, can benefit from
devices that are specifically designed to fit their unique anatomical structures, reducing the
risk of complications and enhancing treatment efficacy [148].

15. Future Prospects and Challenges

Advances in genetic and epigenetic research have opened up new avenues for investi-
gation the causes and potential treatments for functional GI. Researchers are exploring the
hypothesis that environmental factors during foetal development significantly contribute
tolater susceptibility to chronic diseases. This fetal developmental plasticity is thought to
be mediated by epigenetic changes, such as DNA methylation and histone modification.
Functional GI [FGIDs], such as IBS and functional dyspepsia [FD], are caused by a complex
interplay of factors and pathways [as shown in Table 2]. Consequently, these conditions
are challenging to treat, presenting significant obstacles to the pharmaceutical industry
in developing effective treatments [95,145]. These factors can range from a simple failure
to recognize the severity of the condition to more complex issues that hinder and pose
challenges indiagnosis, pathophysiology, outcome measures, and drug development [146].
As advanced technologies and novel interventions continue to shape the landscape of
gastroenterology, ethical considerations become more complex and essential to providing
responsible patient care [147]. The intersection of cutting-edge advancements and ethical
principles presents both exciting opportunities and significant challenges that must be
navigated carefully.

Table 2. Roadmap depicting the potential trajectory of advancements in gastroenterology over the
next decade.

Disease Type Molecular
Mechanism Pathway Involved Treatment

Options Target Drugs Significance Reference

IBD [IBD]
Dysregulated

immune response
to gut microbiota

TNF-alpha
signaling,

IL-23/Th17

Biologics
[anti-TNF,
anti-IL-23]

Infliximab,
Vedolizumab

Revolutionized IBD
management,

improved
quality of life

[16,81]

Gastroesophageal
Reflux

Disease [GERD]

Weak lower
esophageal
sphincter,

acid reflux

Esophageal
motility

dysfunction

Proton pump
inhibitors [PPIs]

Omeprazole,
Esomeprazole

Alleviates
symptoms,
prevents

complications

[148]
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Table 2. Cont.

Disease Type Molecular
Mechanism Pathway Involved Treatment

Options Target Drugs Significance Reference

Celiac Disease
Immune reaction to

gluten in the
small intestine

Immune-mediated
pathways Gluten-free diet None [dietary

management]

Avoids long-term
complications,

improves health
[146]

Colorectal Cancer
Genetic mutations,

abnormal
cell growth

Wnt signaling
pathway

Surgery,
chemotherapy,

radiation

Oxaliplatin,
Fluorouracil

Early detection
and treatment

improve survival
[147]

IBDs [IBS]
Altered gut-brain
communication,
motility issues

Serotonin signaling,
gut-brain axis

Dietary
modifications,
medications

Antispasmodics,
Linaclotide

Enhances quality of
life, symptom
management

[31]

Peptic
Ulcer Disease

H. pylori infection,
acid erosion of
stomach lining

H. pylori infection,
acid production

Antibiotics,
proton

pump inhibitors

Amoxicillin,
Omeprazole

Prevents
complications,

promotes
ulcer healing

[148]

16. Conclusions

Advancements in medical research, technology, and innovative treatment modalities
have yielded remarkable progress in the management of GI disorders in recent years. This
review examines the transformative developments in diagnosis, treatment methodologies,
and management of GI disorders, emphasizing their significant impact on patient care and
the promising future prospects they offer. Additionally, the ascendancy of personalized
medicine, propelled by genomic and molecular research, holds the potential to revolutionize
treatment strategies by customizing them to the unique genetic profiles of individual
patients. From the introduction of endoscopic procedures to the advent of minimally
invasive surgeries, the landscape of GI disorder management has undergone significant
evolution. Imaging modalities such as MRI and CT scans have accelerated diagnosis,
rendering it faster and accurate. Furthermore, the rise of personalized medicine, driven by
genomic and molecular research, holds the potential to transform treatment strategies by
customizing them to the unique genetic profiles of individual patients.

These advancements have profoundly benefited patients suffering from IBD, IBS,
and GERD. Innovative pharmaceuticals, biologics, and targeted therapies have not only
provided relief but also significantly enhanced the quality of life for countless patients.
Meanwhile, telemedicine and digital health platforms have improved patient-provider
interactions by enabling remote monitoring and expanding access to patient care. Looking
ahead, the prospects for GI disorder management appear promising. Artificial intelligence
and machine learning algorithms are poised to improve diagnostics, predict disease pro-
gression, and optimize treatment plans. CRISPR gene editing holds the potential to correct
genetic abnormalities associated with certain GI disorders, thereby opening the door to
long-term cures.

Despite the considerable progress made, issues such as equitable access to cutting-
edge treatments, the ethical considerations surrounding genetic manipulation, and the
necessity for ongoing clinical trials to validate novel approaches persistently raise concerns.
Collaboration among healthcare providers, researchers, and policymakers will be essential
in addressing these challenges and ensuring benefits for all patients. Indeed, the future
holds significant promise for more precise, personalized, and effective treatments.
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of the Usefulness of a Serological Test for Diagnosis of Celiac Disease Simultaneously Detecting Specific Antibodies Total IgA.
Nutrients 2022, 15, 202. [CrossRef] [PubMed]

54. Koffas, A.; Laskaratos, F.-M.; Epstein, O. Non-small bowel lesion detection at small bowel capsule endoscopy: A comprehensive
literature review. World J. Clin. Cases 2018, 6, 901–907. [CrossRef] [PubMed]

https://doi.org/10.2147/CEG.S237653
https://doi.org/10.1177/1756283X09354136
https://doi.org/10.1136/gut.2006.103564
https://doi.org/10.21037/tp.2018.11.02
https://doi.org/10.3748/wjg.v18.i22.2739
https://doi.org/10.3748/wjg.v20.i22.6759
https://www.ncbi.nlm.nih.gov/pubmed/24944467
https://doi.org/10.1159/000485409
https://doi.org/10.1002/1878-0261.12792
https://www.ncbi.nlm.nih.gov/pubmed/32915503
https://doi.org/10.3389/fonc.2022.971930
https://www.ncbi.nlm.nih.gov/pubmed/36119474
https://doi.org/10.3390/biology12070997
https://www.ncbi.nlm.nih.gov/pubmed/37508427
https://doi.org/10.3390/diseases11010003
https://www.ncbi.nlm.nih.gov/pubmed/36648868
https://doi.org/10.7861/clinmed.2020-0980
https://www.ncbi.nlm.nih.gov/pubmed/33479067
https://doi.org/10.4253/wjge.v11.i4.281
https://doi.org/10.3390/metabo10080314
https://doi.org/10.1007/s00335-021-09889-x
https://doi.org/10.4253/wjge.v15.i5.319
https://www.ncbi.nlm.nih.gov/pubmed/37274561
https://doi.org/10.4293/JSLS.2017.00053
https://www.ncbi.nlm.nih.gov/pubmed/29398900
https://doi.org/10.4253/wjge.v13.i9.356
https://www.ncbi.nlm.nih.gov/pubmed/34630886
https://doi.org/10.5946/ce.2015.48.6.476
https://www.ncbi.nlm.nih.gov/pubmed/26668792
https://doi.org/10.3390/biomedicines10071492
https://www.ncbi.nlm.nih.gov/pubmed/35884797
https://doi.org/10.7150/ijms.8951
https://www.ncbi.nlm.nih.gov/pubmed/25013373
https://doi.org/10.1038/s41598-020-75319-8
https://www.ncbi.nlm.nih.gov/pubmed/33097814
https://doi.org/10.1038/s41436-021-01207-9
https://doi.org/10.1016/j.dld.2015.10.013
https://doi.org/10.3390/ijms232416109
https://www.ncbi.nlm.nih.gov/pubmed/36555749
https://doi.org/10.3390/nu15010202
https://www.ncbi.nlm.nih.gov/pubmed/36615859
https://doi.org/10.12998/wjcc.v6.i15.901
https://www.ncbi.nlm.nih.gov/pubmed/30568944


J. Clin. Med. 2024, 13, 3977 18 of 21

55. Cotton, P.B.; Durkalski, V.L.; Pineau, B.C.; Palesch, Y.Y.; Mauldin, P.D.; Hoffman, B.; Vining, D.J.; Small, W.C.; Affronti, J.;
Rex, D.; et al. Computed tomographic colonography [virtual colonoscopy]: A multicenter comparison with standard colonoscopy
for detection of colorectal neoplasia. JAMA 2004, 291, 1713–1719. [CrossRef] [PubMed]

56. Rana, S.V.; Malik, A. Hydrogen breath tests in gastrointestinal diseases. Indian J. Clin. Biochem. 2014, 29, 398–405. [CrossRef]
[PubMed]

57. Imperiale, T.F.; Porter, K.; Zella, J.; Gagrat, Z.D.; Olson, M.C.; Statz, S.; Garces, J.; Lavin, P.T.; Aguilar, H.; Brinberg, D.; et al.
Next-Generation Multitarget Stool DNA Test for Colorectal Cancer Screening. N. Engl. J. Med. 2024, 390, 984–993. [CrossRef]
[PubMed]

58. Quazi, S. Artificial intelligence and machine learning in precision and genomic medicine. Med. Oncol. 2022, 39, 120. [CrossRef]
59. Viscaino, M.; Torres Bustos, J.; Muñoz, P.; Auat Cheein, C.; Cheein, F.A. Artificial intelligence for the early detection of colorectal

cancer: A comprehensive review of its advantages and misconceptions. World J. Gastroenterol. 2021, 27, 6399–6414. [CrossRef]
60. Koh, F.H.; Ladlad, J.; Teo, E.-K.; Lin, C.-L.; Foo, F.-J. Real-time artificial intelligence [AI]-aided endoscopy improves adenoma

detection rates even in experienced endoscopists: A cohort study in Singapore. Surg. Endosc. 2023, 37, 165–171. [CrossRef]
61. Najjar, R. Redefining Radiology: A Review of Artificial Intelligence Integration in Medical Imaging. Diagnostics 2023, 13, 2760.

[CrossRef]
62. van der Zander, Q.E.W.; van der Ende-van Loon, M.C.M.; Janssen, J.M.M.; Winkens, B.; van der Sommen, F.; Masclee, A.A.M.;

Schoon, E.J. Artificial intelligence in [gastrointestinal] healthcare: Patients’ and physicians’ perspectives. Sci. Rep. 2022, 12, 16779.
[CrossRef]

63. Yang, C.C. Explainable Artificial Intelligence for Predictive Modeling in Healthcare. J. Healthc. Inform. Res. 2022, 6, 228–239.
[CrossRef]

64. El Hajjar, A.; Rey, J.-F. Artificial intelligence in gastrointestinal endoscopy: General overview. Chin. Med. J. 2020, 133, 326–334.
[CrossRef]

65. Giordano, C.; Brennan, M.; Mohamed, B.; Rashidi, P.; Modave, F.; Tighe, P. Accessing Artificial Intelligence for Clinical Decision-
Making. Front. Digit. Health 2021, 3, 645232. [CrossRef] [PubMed]

66. Bajwa, J.; Munir, U.; Nori, A.; Williams, B. Artificial intelligence in healthcare: Transforming the practice of medicine. Future
Healthc. J. 2021, 8, e188–e194. [CrossRef]

67. Paul, D.; Sanap, G.; Shenoy, S.; Kalyane, D.; Kalia, K.; Tekade, R.K. Artificial intelligence in drug discovery and development.
Drug Discov. Today 2021, 26, 80–93. [CrossRef]

68. Al-Antari, M.A. Artificial Intelligence for Medical Diagnostics—Existing and Future AI Technology! Diagnostics 2023, 13, 688.
[CrossRef]

69. Simon, P.; Vijayasundaram, U. Deep Learning based Feature Extraction for Texture Classification. Procedia Comput. Sci. 2020, 171,
1680–1687. [CrossRef]

70. Hmoud Al-Adhaileh, M.; Mohammed Senan, E.; Alsaade, F.W.; Aldhyani, T.H.H.; Alsharif, N.; Abdullah Alqarni, A.; Uddin, M.I.;
Alzahrani, M.Y.; Alzain, E.D.; Jadhav, M.E. Deep Learning Algorithms for Detection and Classification of Gastrointestinal Diseases.
Complexity 2021, 2021, 6170416. [CrossRef]

71. Johnson, K.B.; Wei, W.-Q.; Weeraratne, D.; Frisse, M.E.; Misulis, K.; Rhee, K.; Zhao, J.; Snowdon, J.L. Precision Medicine, AI, and
the Future of Personalized Health Care. Clin. Transl. Sci. 2021, 14, 86–93. [CrossRef]

72. Herrera-deGuise, C.; Serra-Ruiz, X.; Lastiri, E.; Borruel, N. JAK inhibitors: A new dawn for oral therapies in inflammatory bowel
diseases. Front. Med. 2023, 10, 1089099. [CrossRef] [PubMed]

73. Liu, E.; Aslam, N.; Nigam, G.; Limdi, J.K. Tofacitinib and newer JAK inhibitors in inflammatory bowel disease—Where we are
and where we are going. Drugs Context 2022, 11, 1–17. [CrossRef] [PubMed]

74. Ferrante, M.; Sabino, J. Efficacy of JAK inhibitors in Ulcerative Colitis. J. Crohn’s Colitis. 2020, 14 (Suppl. S2), S737–S745.
75. Ananthakrishnan, A.N. Precision medicine in inflammatory bowel diseases. Intestg. Res. 2024, 22, 8–14. [CrossRef] [PubMed]
76. Marafini, I.; Monteleone, G. Precision Medicine in Inflammatory Bowel Diseases. Front. Pharmacol. 2021, 12, 653924. [CrossRef]

[PubMed]
77. Horowitz, J.E.; Warner, N.; Staples, J.; Crowley, E.; Gosalia, N.; Murchie, R.; Van Hout, C.; Fiedler, K.; Welch, G.; King, A.K.; et al.

Mutation spectrum of NOD2 reveals recessive inheritance as a main driver of Early Onset Crohn’s Disease. Sci. Rep. 2021,
11, 5595. [CrossRef] [PubMed]

78. Michail, S.; Bultron, G.; Depaolo, R.W. Genetic variants associated with Crohn’s disease. Appl. Clin. Genet. 2013, 6, 25–32.
[CrossRef] [PubMed]

79. Zittan, E.; Gralnek, I.M.; Berns, M.S. The New Proactive Approach and Precision Medicine in Crohn’s Disease. Biomedicines 2020,
8, 193. [CrossRef] [PubMed]

80. Liu, X.Y.; Tang, H.; Zhou, Q.Y.; Zeng, Y.L.; Chen, D.; Xu, H.; Li, Y.; Tan, B.; Qian, J.-M. Advancing the precision management
of inflammatory bowel disease in the era of omics approaches and new technology. World J. Gastroenterol. 2023, 29, 272–285.
[CrossRef]

81. Pagnini, C.; Pizarro, T.T.; Cominelli, F. Novel pharmacological therapy in inflammatory bowel diseases: Beyond anti-tumor
necrosis factor. Front. Pharmacol. 2019, 10, 671. [CrossRef]

82. Huang, Z.; Liu, K.; Ma, W.; Li, D.; Mo, T.; Liu, Q. The gut microbiome in human health and disease-Where are we and where are
we going? A bibliometric analysis. Front. Microbiol. 2022, 13, 1018594. [CrossRef]

https://doi.org/10.1001/jama.291.14.1713
https://www.ncbi.nlm.nih.gov/pubmed/15082698
https://doi.org/10.1007/s12291-014-0426-4
https://www.ncbi.nlm.nih.gov/pubmed/25298621
https://doi.org/10.1056/NEJMoa2310336
https://www.ncbi.nlm.nih.gov/pubmed/38477986
https://doi.org/10.1007/s12032-022-01711-1
https://doi.org/10.3748/wjg.v27.i38.6399
https://doi.org/10.1007/s00464-022-09470-w
https://doi.org/10.3390/diagnostics13172760
https://doi.org/10.1038/s41598-022-20958-2
https://doi.org/10.1007/s41666-022-00114-1
https://doi.org/10.1097/CM9.0000000000000623
https://doi.org/10.3389/fdgth.2021.645232
https://www.ncbi.nlm.nih.gov/pubmed/34713115
https://doi.org/10.7861/fhj.2021-0095
https://doi.org/10.1016/j.drudis.2020.10.010
https://doi.org/10.3390/diagnostics13040688
https://doi.org/10.1016/j.procs.2020.04.180
https://doi.org/10.1155/2021/6170416
https://doi.org/10.1111/cts.12884
https://doi.org/10.3389/fmed.2023.1089099
https://www.ncbi.nlm.nih.gov/pubmed/36936239
https://doi.org/10.7573/dic.2021-11-4
https://www.ncbi.nlm.nih.gov/pubmed/35462642
https://doi.org/10.5217/ir.2023.00087
https://www.ncbi.nlm.nih.gov/pubmed/37939722
https://doi.org/10.3389/fphar.2021.653924
https://www.ncbi.nlm.nih.gov/pubmed/33927628
https://doi.org/10.1038/s41598-021-84938-8
https://www.ncbi.nlm.nih.gov/pubmed/33692434
https://doi.org/10.2147/TACG.S33966
https://www.ncbi.nlm.nih.gov/pubmed/23935379
https://doi.org/10.3390/biomedicines8070193
https://www.ncbi.nlm.nih.gov/pubmed/32635316
https://doi.org/10.3748/wjg.v29.i2.272
https://doi.org/10.3389/fphar.2019.00671
https://doi.org/10.3389/fmicb.2022.1018594


J. Clin. Med. 2024, 13, 3977 19 of 21

83. Newman, K.M.; Rank, K.M.; Vaughn, B.P.; Khoruts, A. Treatment of recurrent Clostridium difficile infection using fecal microbiota
transplantation in patients with inflammatory bowel disease. Gut Microbes 2017, 8, 303–309. [CrossRef]

84. Hitch, T.C.A.; Hall, L.J.; Walsh, S.K.; Leventhal, G.E.; Slack, E.; de Wouters, T.; Walter, J.; Clavel, T. Microbiome-based interventions
to modulate gut ecology and the immune system. Mucosal Immunol. 2022, 15, 1095–1113. [CrossRef]

85. Gulliver, E.L.; Young, R.B.; Chonwerawong, M.; D’Adamo, G.L.; Thomason, T.; Widdop, J.T.; Rutten, E.L.; Marcelino, V.R.;
Bryant, R.V.; Costello, S.P.; et al. Review article: The future of microbiome-based therapeutics. Aliment. Pharmacol. Ther. 2022, 56,
192–208. [CrossRef] [PubMed]

86. Weingarden, A.R.; Vaughn, B.P. Intestinal microbiota, fecal microbiota transplantation, and inflammatory bowel disease. Gut
Microbes 2017, 8, 238–252. [CrossRef] [PubMed]

87. Boicean, A.; Birlutiu, V.; Ichim, C.; Anderco, P.; Birsan, S. Fecal Microbiota Transplantation in Inflammatory Bowel Disease.
Biomedicines 2023, 11, 1016. [CrossRef]

88. Yang, R.; Chen, Z.; Cai, J. Fecal microbiota transplantation: Emerging applications in autoimmune diseases. J. Autoimmun. 2023,
141, 103038. [CrossRef]

89. Tan, X.Y.; Xie, Y.J.; Liu, X.L.; Li, X.Y.; Jia, B. A Systematic Review and Meta-Analysis of Randomized Controlled Trials of Fecal
Microbiota Transplantation for the Treatment of Inflammatory Bowel Disease. Evid.-Based Complement. Altern. Med. 2022,
2022, 8266793. [CrossRef]

90. Wortelboer, K.; Nieuwdorp, M.; Herrema, H. Fecal microbiota transplantation beyond Clostridioides difficile infections.
EBioMedicine 2019, 44, 716–729. [CrossRef]

91. Khan, I.; Ullah, N.; Zha, L.; Bai, Y.; Khan, A.; Zhao, T.; Che, T.; Zhang, C. Alteration of gut microbiota in inflammatory bowel
disease [IBD]: Cause or consequence? IBD treatment targeting the gut microbiome. Pathogens 2019, 8, 126. [CrossRef]

92. Kingsley, M.J.; Abreu, M.T. A Personalized Approach to Managing Inflammatory Bowel Disease. Gastroenterol. Hepatol. 2016, 12,
308–315.

93. Saeed, S.; Ekhator, C.; Abdelaziz, A.M.; Naveed, H.; Karski, A.; Cook, D.E.; Reddy, S.M.; Affaf, M.; Khan, S.J.; Bellegarde, S.B.; et al.
Revolutionizing Inflammatory Bowel Disease Management: A Comprehensive Narrative Review of Innovative Dietary Strategies
and Future Directions. Cureus 2023, 15, e44304. [CrossRef]

94. Hazel, K.; O’Connor, A. Emerging treatments for inflammatory bowel disease. Ther. Adv. Chronic Dis. 2020, 11, 2040622319899297.
[CrossRef] [PubMed]

95. Singh, R.; Zogg, H.; Ghoshal, U.C.; Ro, S. Current Treatment Options and Therapeutic Insights for Gastrointestinal Dysmotility
and Functional Gastrointestinal Disorders. Front. Pharmacol. 2022, 13, 808195. [CrossRef]

96. Bonelli, M.; Kerschbaumer, A.; Kastrati, K.; Ghoreschi, K.; Gadina, M.; Heinz, L.X.; Smolen, J.S.; Aletaha, D.; O’Shea, J.;
Laurence, A. Selectivity, efficacy and safety of JAKinibs: New evidence for a still evolving story. Ann. Rheum. Dis. 2024, 83,
139–160. [CrossRef]

97. Campa, M.; Mansouri, B.; Warren, R.; Menter, A. A Review of Biologic Therapies Targeting IL-23 and IL-17 for Use in Moderate-
to-Severe Plaque Psoriasis. Dermatol. Ther. 2016, 6, 1–12. [CrossRef] [PubMed]

98. Gupta, A.; Saha, S.; Khanna, S. Therapies to modulate gut microbiota: Past, present and future. World J. Gastroenterol. 2020, 26,
777–788. [CrossRef]

99. Song, E.-J.; Shin, J.-H. Personalized Diets based on the Gut Microbiome as a Target for Health Maintenance: From Current
Evidence to Future Possibilities. J. Microbiol. Biotechnol. 2022, 32, 1497–1505. [CrossRef]

100. Horton, R.H.; Lucassen, A.M. Recent developments in genetic/genomic medicine. Clin Sci. 2019, 133, 697–708. [CrossRef]
101. Lee, J.-A.; Cho, A.; Huang, E.N.; Xu, Y.; Quach, H.; Hu, J.; Wong, A.P. Gene therapy for cystic fibrosis: New tools for precision

medicine. J. Transl. Med. 2021, 19, 452. [CrossRef]
102. Lomunova, M.A.; Gershovich, P.M. Gene Therapy for Cystic Fibrosis: Recent Advances and Future Prospects. Acta Naturae 2023,

15, 20–31. [CrossRef]
103. Abdelnour, S.A.; Xie, L.; Hassanin, A.A.; Zuo, E.; Lu, Y. The Potential of CRISPR/Cas9 Gene Editing as a Treatment Strategy for

Inherited Diseases. Front. Cell Dev. Biol. 2021, 9, 699597. [CrossRef]
104. Li, T.; Yang, Y.; Qi, H.; Cui, W.; Zhang, L.; Fu, X.; He, X.; Liu, M.; Li, P.-F.; Yu, T. CRISPR/Cas9 therapeutics: Progress and

prospects. Signal Transduct. Target. Ther. 2023, 8, 36. [CrossRef]
105. Yue, N.; Xu, H.; Xu, J.; Zhu, M.; Zhang, Y.; Tian, C.-M.; Nie, Y.-Q.; Yao, J.; Liang, Y.-J.; Li, D.-F.; et al. Therapeutic potential of gene

therapy for gastrointestinal diseases: Advancements and future perspectives. Mol. Ther.-Oncolytics 2023, 30, 193–215. [CrossRef]
106. Janik, E.; Niemcewicz, M.; Ceremuga, M.; Krzowski, L.; Saluk-Bijak, J.; Bijak, M. Various Aspects of a Gene Editing System—

CRISPR–Cas9. Int. J. Mol. Sci. 2020, 21, 9604. [CrossRef]
107. Hills, R.; Pontefract, B.; Mishcon, H.; Black, C.; Sutton, S.; Theberge, C. Gut Microbiome: Profound Implications for Diet and

Disease. Nutrients 2019, 11, 1613. [CrossRef]
108. Napolitano, M.; Fasulo, E.; Ungaro, F.; Massimino, L.; Sinagra, E.; Danese, S.; Mandarino, F.V. Gut Dysbiosis in Irritable Bowel

Syndrome: A Narrative Review on Correlation with Disease Subtypes and Novel Therapeutic Implications. Microorganisms 2023,
11, 2369. [CrossRef]

109. Ratiner, K.; Ciocan, D.; Abdeen, S.K.; Elinav, E. Utilization of the microbiome in personalized medicine. Nat. Rev. Microbiol. 2023,
22, 291–308. [CrossRef]

https://doi.org/10.1080/19490976.2017.1279377
https://doi.org/10.1038/s41385-022-00564-1
https://doi.org/10.1111/apt.17049
https://www.ncbi.nlm.nih.gov/pubmed/35611465
https://doi.org/10.1080/19490976.2017.1290757
https://www.ncbi.nlm.nih.gov/pubmed/28609251
https://doi.org/10.3390/biomedicines11041016
https://doi.org/10.1016/j.jaut.2023.103038
https://doi.org/10.1155/2022/8266793
https://doi.org/10.1016/j.ebiom.2019.05.066
https://doi.org/10.3390/pathogens8030126
https://doi.org/10.7759/cureus.44304
https://doi.org/10.1177/2040622319899297
https://www.ncbi.nlm.nih.gov/pubmed/32076497
https://doi.org/10.3389/fphar.2022.808195
https://doi.org/10.1136/ard-2023-223850
https://doi.org/10.1007/s13555-015-0092-3
https://www.ncbi.nlm.nih.gov/pubmed/26714681
https://doi.org/10.3748/wjg.v26.i8.777
https://doi.org/10.4014/jmb.2209.09050
https://doi.org/10.1042/CS20180436
https://doi.org/10.1186/s12967-021-03099-4
https://doi.org/10.32607/actanaturae.11708
https://doi.org/10.3389/fcell.2021.699597
https://doi.org/10.1038/s41392-023-01309-7
https://doi.org/10.1016/j.omto.2023.08.007
https://doi.org/10.3390/ijms21249604
https://doi.org/10.3390/nu11071613
https://doi.org/10.3390/microorganisms11102369
https://doi.org/10.1038/s41579-023-00998-9


J. Clin. Med. 2024, 13, 3977 20 of 21

110. Park, E.; Nishimura, M.; Simoes, P. Endoscopic advances in the management of gastric cancer and premalignant gastric conditions.
World J. Gastrointest. Endosc. 2023, 15, 114–121. [CrossRef]

111. Li, H.; Hou, X.; Lin, R.; Fan, M.; Pang, S.; Jiang, L.; Liu, Q.; Fu, L. Advanced endoscopic methods in gastrointestinal diseases: A
systematic review. Quant. Imaging Med. Surg. 2019, 9, 905–920. [CrossRef]

112. Bramhe, S.; Pathak, S.S. Robotic Surgery: A Narrative Review. Cureus 2022, 14, e29179. [CrossRef]
113. Nguyen, V.X.; Le Nguyen, V.T.; Nguyen, C.C. Appropriate use of endoscopy in the diagnosis and treatment of gastrointestinal

diseases: Up-to-date indications for primary care providers. Int. J. Gen. Med. 2010, 3, 345. [CrossRef]
114. Teh, J.-L.; Shabbir, A.; Yuen, S.; So, J.B.-Y. Recent advances in diagnostic upper endoscopy. World J. Gastroenterol. 2020, 26, 433–447.

[CrossRef]
115. Rudiman, R. Advances in gastrointestinal surgical endoscopy. Ann. Med. Surg. 2021, 72, 103041. [CrossRef]
116. Shah, R.M.; Tarnasky, P.; Kedia, P. A review of endoscopic ultrasound guided endoscopic retrograde cholangiopancreatography

techniques in patients with surgically altered anatomy. Transl. Gastroenterol. Hepatol. 2018, 3, 90. [CrossRef]
117. Sanders, D.J.; Bomman, S.; Krishnamoorthi, R.; Kozarek, R.A. Endoscopic retrograde cholangiopancreatography: Current practice

and future research. World J. Gastrointest. Endosc. 2021, 13, 260–274. [CrossRef]
118. Glass, J.; Chaudhry, A.; Zeeshan, M.S.; Ramzan, Z. New Era: Endoscopic treatment options in obesity—A paradigm shift. World J.

Gastroenterol. 2019, 25, 4567–4579. [CrossRef] [PubMed]
119. Buia, A.; Stockhausen, F.; Hanisch, E. Laparoscopic surgery: A qualified systematic review. World J. Methodol. 2015, 5, 238–254.

[CrossRef]
120. Wang, Y.; Huang, Y.; Chase, R.C.; Li, T.; Ramai, D.; Li, S.; Huang, X.; Antwi, S.O.; Keaveny, A.P.; Pang, M. Global Burden of

Digestive Diseases: A Systematic Analysis of the Global Burden of Diseases Study, 1990 to 2019. Gastroenterology 2023, 165,
773–783.e15. [CrossRef]

121. Bustin, S.A.; Jellinger, K.A. Advances in Molecular Medicine: Unravelling Disease Complexity and Pioneering Precision
Healthcare. Int. J. Mol. Sci. 2023, 24, 14168. [CrossRef]

122. Borg-Bartolo, S.P.; Boyapati, R.K.; Satsangi, J.; Kalla, R. Precision medicine in inflammatory bowel disease: Concept, progress and
challenges. F1000Research 2020, 9, 54. [CrossRef]

123. Arosa, L.; Camba-Gómez, M.; Golubnitschaja, O.; Conde-Aranda, J. Predictive, preventive and personalised approach as a
conceptual and technological innovation in primary and secondary care of inflammatory bowel disease benefiting affected
individuals and populations. EPMA J. 2024, 15, 111–123. [CrossRef]

124. Singh, S.; Sarma, D.K.; Verma, V.; Nagpal, R.; Kumar, M. Unveiling the future of metabolic medicine: Omics technologies driving
personalized solutions for precision treatment of metabolic disorders. Biochem. Biophys. Res. Commun. 2023, 682, 1–20. [CrossRef]

125. Mukherjee, S.; Vagha, S.; Gadkari, P. Navigating the Future: A Comprehensive Review of Artificial Intelligence Applications in
Gastrointestinal Cancer. Cureus 2024, 16, e54467. [CrossRef]

126. Wang, X.; Hu, X.; Xu, Y.; Yong, J.; Li, X.; Zhang, K.; Gan, T.; Yang, J.; Rao, N. A systematic review on diagnosis and treatment of
gastrointestinal diseases by magnetically controlled capsule endoscopy and artificial intelligence. Therap. Adv. Gastroenterol. 2023,
16, 17562848231206991. [CrossRef]

127. Junaid, S.B.; Imam, A.A.; Balogun, A.O.; De Silva, L.C.; Surakat, Y.A.; Kumar, G.; Abdulkarim, M.; Shuaibu, A.N.; Garba, A.;
Sahalu, Y.; et al. Recent Advancements in Emerging Technologies for Healthcare Management Systems: A Survey. Healthcare 2022,
10, 1940. [CrossRef]

128. Pelaz, B.; Alexiou, C.; Alvarez-Puebla, R.A.; Alves, F.; Andrews, A.M.; Ashraf, S.; Balogh, L.P.; Ballerini, L.; Bestetti, A.;
Brendel, C.; et al. Diverse Applications of Nanomedicine. ACS Nano 2017, 11, 2313–2381. [CrossRef]

129. Yue, N.; Xu, H.; Xu, J.; Zhu, M.; Zhang, Y.; Tian, C.-M.; Nie, Y.-Q.; Yao, J.; Liang, Y.-J.; Li, D.-F.; et al. Application of Nanoparticles
in the Diagnosis of Gastrointestinal Diseases: A Complete Future Perspective. Int. J. Nanomed. 2023, 18, 4143–4170. [CrossRef]

130. Yusuf, A.; Almotairy, A.R.Z.; Henidi, H.; Alshehri, O.Y.; Aldughaim, M.S. Nanoparticles as Drug Delivery Systems: A Review
of the Implication of Nanoparticles’ Physicochemical Properties on Responses in Biological Systems. Polymers 2023, 15, 1596.
[CrossRef]

131. Chong, K.P.; Woo, B.K. Emerging wearable technology applications in gastroenterology: A review of the literature. World J.
Gastroenterol. 2021, 27, 1149–1160. [CrossRef]

132. Haleem, A.; Javaid, M.; Singh, R.P.; Suman, R. Telemedicine for healthcare: Capabilities, features, barriers, and applications. Sens.
Int. 2021, 2, 100117. [CrossRef]

133. Gao, J.; Fan, C.; Chen, B.; Fan, Z.; Li, L.; Wang, L.; Ma, Q.; He, X.; Zhai, Y.; Zhao, J. Telemedicine Is Becoming an Increasingly
Popular Way to Resolve the Unequal Distribution of Healthcare Resources: Evidence From China. Front. Public Health 2022,
10, 916303. [CrossRef]

134. Villarin, L.A.; Patrick, J.R. How a digital patient experience can lead to future outcome driven healthcare: Thoughts for executive
teams. mHealth 2023, 9, 8. [CrossRef] [PubMed]

135. Aimar, A.; Palermo, A.; Innocenti, B. The Role of 3D Printing in Medical Applications: A State of the Art. J. Healthc. Eng. 2019,
2019, 5340616. [CrossRef]

136. Mamo, H.B.; Adamiak, M.; Kunwar, A. 3D printed biomedical devices and their applications: A review on state-of-the-art
technologies, existing challenges, and future perspectives. J. Mech. Behav. Biomed. Mater. 2023, 143, 105930. [CrossRef]

https://doi.org/10.4253/wjge.v15.i3.114
https://doi.org/10.21037/qims.2019.05.16
https://doi.org/10.7759/cureus.29179
https://doi.org/10.2147/IJGM.S14555
https://doi.org/10.3748/wjg.v26.i4.433
https://doi.org/10.1016/j.amsu.2021.103041
https://doi.org/10.21037/tgh.2018.10.10
https://doi.org/10.4253/wjge.v13.i8.260
https://doi.org/10.3748/wjg.v25.i32.4567
https://www.ncbi.nlm.nih.gov/pubmed/31528087
https://doi.org/10.5662/wjm.v5.i4.238
https://doi.org/10.1053/j.gastro.2023.05.050
https://doi.org/10.3390/ijms241814168
https://doi.org/10.12688/f1000research.20928.1
https://doi.org/10.1007/s13167-024-00351-x
https://doi.org/10.1016/j.bbrc.2023.09.064
https://doi.org/10.7759/cureus.54467
https://doi.org/10.1177/17562848231206991
https://doi.org/10.3390/healthcare10101940
https://doi.org/10.1021/acsnano.6b06040
https://doi.org/10.2147/IJN.S413141
https://doi.org/10.3390/polym15071596
https://doi.org/10.3748/wjg.v27.i12.1149
https://doi.org/10.1016/j.sintl.2021.100117
https://doi.org/10.3389/fpubh.2022.916303
https://doi.org/10.21037/mhealth-23-2
https://www.ncbi.nlm.nih.gov/pubmed/36760790
https://doi.org/10.1155/2019/5340616
https://doi.org/10.1016/j.jmbbm.2023.105930


J. Clin. Med. 2024, 13, 3977 21 of 21

137. Alzoubi, L.; Aljabali, A.A.A.; Tambuwala, M.M. Empowering Precision Medicine: The Impact of 3D Printing on Personalized
Therapeutic. AAPS PharmSciTech 2023, 24, 228. [CrossRef]

138. Manero, A.; Smith, P.; Sparkman, J.; Dombrowski, M.; Courbin, D.; Kester, A.; Womack, I.; Chi, A. Implementation of 3D Printing
Technology in the Field of Prosthetics: Past, Present, and Future. Int. J. Environ. Res. Public. Health 2019, 16, 1641. [CrossRef]

139. Harrison, K.L.; Farrell, R.M.; Brinich, M.A.; Highland, J.; Mercer, M.; McCormick, J.B.; Tilburt, J.; Geller, G.; Marshall, P.;
Sharp, R.R. ‘Someone should oversee it’: Patient perspectives on the ethical issues arising with the regulation of probiotics. Heal.
Expect. 2015, 18, 250–261. [CrossRef]

140. Plumeri, P.A. Informed consent and the gastrointestinal endoscopist. Gastrointest. Endosc. 1985, 31, 218–221. [CrossRef]
141. Varkey, B. Principles of Clinical Ethics and Their Application to Practice. Med. Princ. Pract. 2021, 30, 17–28. [CrossRef]
142. Sanger, G.J.; Chang, L.; Bountra, C.; Houghton, L.A. Challenges and prospects for pharmacotherapy in functional gastrointestinal

disorders. Therap. Adv. Gastroenterol. 2010, 3, 291–305. [CrossRef]
143. Fogel, D.B. Factors associated with clinical trials that fail and opportunities for improving the likelihood of success: A review.

Contemp. Clin. Trials Commun. 2018, 11, 156–164. [CrossRef]
144. Stoumpos, A.I.; Kitsios, F.; Talias, M.A. Digital Transformation in Healthcare: Technology Acceptance and Its Applications. Int. J.

Environ. Res. Public. Health 2023, 20, 3407. [CrossRef]
145. Dickman, R.; Maradey-Romero, C.; Gingold-Belfer, R.; Fass, R. Unmet Needs in the Treatment of Gastroesophageal Reflux Disease.

J. Neurogastroenterol. Motil. 2015, 21, 309–319. [CrossRef]
146. Sharma, N.; Bhatia, S.; Chunduri, V.; Kaur, S.; Sharma, S.; Kapoor, P.; Kumari, A.; Garg, M. Pathogenesis of Celiac Disease and

Other Gluten Related Disorders in Wheat and Strategies for Mitigating Them. Front. Nutr. 2020, 7, 6. [CrossRef]
147. Testa, U.; Pelosi, E.; Castelli, G. Colorectal cancer: Genetic abnormalities, tumor progression, tumor heterogeneity, clonal evolution

and tumor-initiating cells. Med. Sci. 2018, 6, 31. [CrossRef]
148. Narayanan, M.; Reddy, K.M.; Marsicano, E. Peptic Ulcer Disease and Helicobacter pylori infection. Mo. Med. 2018, 115, 219–224.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1208/s12249-023-02682-w
https://doi.org/10.3390/ijerph16091641
https://doi.org/10.1111/hex.12027
https://doi.org/10.1016/S0016-5107(85)72051-2
https://doi.org/10.1159/000509119
https://doi.org/10.1177/1756283X10369922
https://doi.org/10.1016/j.conctc.2018.08.001
https://doi.org/10.3390/ijerph20043407
https://doi.org/10.5056/jnm15105
https://doi.org/10.3389/fnut.2020.00006
https://doi.org/10.3390/medsci6020031

	Introduction 
	Diagnostic Innovations: From Traditional to Precision Medicine 
	Artificial Intelligence in Gastrointestinal Care 
	Therapeutic Breakthroughs: Precision Treatment Approaches 
	Biomarkers in Precision Medicine for IBD 
	Advancements in Pharmacotherapy for Gastrointestinal Disorders 
	Gene Therapies and Gene Editing for Inherited Gastrointestinal Disorders 
	Minimally Invasive Interventions: Endoscopic and Surgical Advances 
	Robotic and Laparoscopic Surgery for Improved Outcomes and Reduced Invasiveness 
	Personalized Medicine in Gastrointestinal Disorders 
	Future Prospects: Transforming Gastrointestinal Disorder Management 
	Emerging Technologies Such as Nanomedicine and Wearable Devices 
	Utilization of Telemedicine and Remote Patient Monitoring 
	Potential of 3D Printing in Customizing Treatment Solutions 
	Future Prospects and Challenges 
	Conclusions 
	References

