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Endoscopic ultrasound (EUS) has emerged as a critical tool in the diag-
nosis and management of pancreatic and biliary diseases, combining high-
resolution imaging with the capability for tissue acquisition and therapeu-
tic interventions. This technique leverages high-frequency ultrasound from
within the gastrointestinal tract, enabling precise visualization of the pan-
creas, bile ducts, and surrounding structures. EUS-guided fine-needle aspi-
ration (EUS-FNA) and fine-needle biopsy (EUS-FNB) have transformed the
diagnostic approach to pancreatic lesions, offering superior sensitivity and
specificity compared to other modalities. In the realm of biliary diseases,
EUS has proven invaluable in detecting microlithiasis, identifying biliary
strictures, and differentiating benign from malignant conditions Therapeu-
tically, EUS-guided procedures, including biliary drainage and celiac plexus
neurolysis, have expanded the role of EUS beyond diagnosis. EUS-guided
biliary drainage has emerged as an alternative to percutaneous transhep-
atic biliary drainage, particularly in patients with failed endoscopic ret-
rograde cholangiopancreatography (ERCP). The integration of novel tech-
niques such as EUS-guided pancreatic duct drainage and ablation therapies
for pancreatic cysts further highlights its therapeutic potential. Despite its
advantages, the use of EUS is not without challenges, including operator de-
pendency, complication risks, and equipment costs. Recent advancements
aim to overcome these barriers, with innovations such as artificial intelli-
gence (Al)-assisted EUS improving diagnostic accuracy and reducing oper-
ator variability. This paper reviews the role of EUS-guided procedures in
the diagnosis and management of pancreatic and biliary diseases, highlight-
ing their clinical applications, recent advancements, and potential future
directions. By integrating imaging and intervention, EUS has significantly
advanced patient care, providing minimally invasive solutions for complex
conditions. Continued research and technological innovations are expected
to further refine the efficacy and safety of EUS-guided techniques, reinforc-
ing their position as a cornerstone in gastrointestinal endoscopy.
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1 Introduction

Pancreatic and biliary diseases encompass a wide range of conditions, including
pancreatitis, pancreatic cysts, pancreatic cancer, and biliary obstructions, which
collectively represent significant causes of morbidity and mortality worldwide.
The complexity and clinical implications of these diseases have prompted extensive
research and development into advanced diagnostic and therapeutic modalities.
Traditional imaging techniques, such as computed tomography (CT), magnetic
resonance imaging (MRI), and transabdominal ultrasound, remain foundational
tools in the diagnostic armamentarium. However, these modalities often fall short
in detecting small or early-stage lesions, in providing adequate tissue character-
ization, and in distinguishing benign from malignant processes. The diagnostic
limitations of these conventional techniques, particularly in patients with subtle
or ambiguous symptoms, have necessitated the evolution of more precise, mini-
mally invasive diagnostic methods. Among these, endoscopic ultrasound (EUS)
has emerged as a transformative approach that bridges many of the gaps in the
management of pancreatic and biliary diseases.

EUS combines endoscopy and high-frequency ultrasound imaging, enabling
the placement of an ultrasound transducer directly within the gastrointestinal
lumen. This strategic positioning allows for close-proximity imaging of the pan-
creas, biliary tract, and surrounding structures, achieving superior spatial reso-
lution compared to transabdominal ultrasound or cross-sectional imaging. EUS
has proven particularly adept at identifying small pancreatic masses, cystic le-
sions, bile duct stones, and early-stage malignancies, which often elude detection
using other modalities. Beyond its diagnostic utility, the versatility of EUS is fur-
ther enhanced by its interventional capabilities, such as EUS-guided fine-needle
aspiration (EUS-FNA) and fine-needle biopsy (EUS-FNB), which allow for the
acquisition of tissue samples under real-time imaging guidance. These procedures
enable cytological and histological examination, providing crucial information for
the differentiation of benign and malignant conditions, as well as the molecu-
lar characterization of neoplasms, which has growing implications for targeted
therapies.

The therapeutic applications of EUS extend beyond tissue sampling to include
a wide array of interventional procedures. EUS-guided drainage of pancreatic
pseudocysts, abscesses, and walled-off necrosis has revolutionized the manage-
ment of pancreatic fluid collections by offering a minimally invasive alternative
to surgical drainage. Similarly, EUS-guided biliary drainage has emerged as a
viable option for patients with malignant biliary obstruction who are not candi-
dates for conventional endoscopic retrograde cholangiopancreatography (ERCP).
Another prominent application is EUS-guided celiac plexus neurolysis, which is
widely utilized for pain management in patients with pancreatic cancer or chronic
pancreatitis. These innovations underscore the pivotal role of EUS in advancing
patient care by reducing the need for invasive surgical procedures and improving
overall outcomes.

Despite its numerous advantages, EUS is not without limitations. One of the
most significant challenges is its operator dependency, as the quality and accu-
racy of EUS imaging and interventions are highly influenced by the expertise and
experience of the endoscopist. Furthermore, EUS-guided procedures are associ-
ated with inherent risks, including bleeding, infection, and perforation, although
these complications are generally rare when performed by skilled practitioners.
Economic factors also warrant consideration, as the high cost of EUS equipment
and the need for specialized training may limit its accessibility, particularly in

resource-constrained settings. Moreover, variability in diagnostic accuracy and
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interobserver agreement remains a concern, particularly in the interpretation of
subtle findings or in cases involving indeterminate lesions.

The introduction of advanced technologies and adjunctive techniques has fur-
ther expanded the capabilities of EUS. For instance, elastography and contrast-

enhanced EUS provide functional imaging data that complement traditional grayscale

and Doppler ultrasound, aiding in the characterization of tissue stiffness and vas-
cularity, respectively. The integration of artificial intelligence (AI) and machine
learning algorithms into EUS workflows holds promise for enhancing lesion detec-
tion, reducing interoperator variability, and improving diagnostic accuracy. Addi-
tionally, advancements in needle design and the development of novel therapeutic
devices are expected to further expand the scope of EUS-guided interventions.
These innovations represent a paradigm shift in the management of pancreatic
and biliary diseases, aligning with the broader trend toward precision medicine
and minimally invasive care.

The following sections of this paper provide a detailed exploration of the di-
agnostic and therapeutic applications of EUS in pancreatic and biliary diseases,
with a focus on its impact on patient outcomes and the emerging technologies that
are shaping its future. A comprehensive review of EUS-guided techniques is pre-
sented, highlighting their clinical utility, challenges, and potential solutions. The
interplay between technological advancements and clinical expertise is examined,
with particular emphasis on how these factors contribute to the transformative
role of EUS in gastroenterology and hepatology.

ator dependency

Diagnostic Modality Advantages Limitations

Computed Tomography | High spatial resolution; | Limited sensitivity for

(CT) widely available small lesions; radiation
exposure

Magnetic Resonance | Superior soft-tissue con- | Expensive; time-

Imaging (MRI) trast; non-invasive consuming; contraindica-
tions (e.g., pacemakers)

Transabdominal =~ Ultra- | Non-invasive;  real-time | Limited by patient habi-

sound imaging tus and bowel gas; oper-

tions

Endoscopic ~ Ultrasound | High-resolution imaging; | Operator dependency; in-
(EUS) allows tissue sampling vasive; risk of complica-

Table 1: Comparison of Diagnostic Modalities for Pancreatic and Biliary Diseases

EUS represents a critical advancement in the diagnosis and management of
pancreatic and biliary diseases, filling crucial gaps left by traditional imaging tech-
niques. The integration of imaging with interventional procedures has redefined
clinical practice, providing a minimally invasive platform for both diagnosis and
therapy. While challenges remain, particularly with regard to operator depen-
dency, cost, and accessibility, ongoing innovations in technology and training are
expected to address these limitations. As EUS continues to evolve, it is poised
to play an increasingly central role in the multidisciplinary management of these
complex conditions.

this paper explores the multifaceted role of EUS in pancreatic and biliary
diseases, underscoring its diagnostic accuracy, therapeutic versatility, and poten-
tial for future innovations. By examining the interplay between clinical expertise
and technological advancements, this discussion aims to provide a comprehensive
understanding of the transformative impact of EUS in contemporary gastroen-
terology and hepatology.

2 Diagnostic Applications of EUS in Pancreatic and Biliary
Diseases

Endoscopic ultrasound (EUS) has emerged as a cornerstone in the evaluation of

pancreatic and biliary diseases, offering unmatched resolution for imaging and
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EUS-Guided Proce- | Clinical Indication Benefits
dure
Fine-Needle  Aspiration | Sampling of pancreatic | Provides cytological diag-
(FNA) masses nosis; minimally invasive

Pseudocyst Drainage

Management of pancreatic
fluid collections

Avoids surgery; effective
symptom relief

Celiac Plexus Neurolysis

Pain control in pancreatic
cancer

Reduces opioid depen-
dence; improves quality of

life

ERCP;
high-risk

Alternative to
suitable  for
patients

Biliary Drainage Malignant biliary obstruc-

tion

Table 2: Therapeutic Applications of EUS in Pancreatic and Biliary Diseases

the ability to perform tissue acquisition through fine-needle aspiration (FNA) or
fine-needle biopsy (FNB). Its dual diagnostic and interventional capabilities have
established it as an indispensable tool in the management of these complex dis-
orders. The high-frequency ultrasound transducer positioned on the tip of an
endoscope permits precise visualization of the pancreas, biliary tree, and adjacent
structures, even in cases where other modalities such as computed tomography
(CT) or magnetic resonance imaging (MRI) are inconclusive. Beyond its imag-
ing prowess, EUS allows targeted sampling of lesions, enabling histopathological
evaluation, and aids in the assessment of biochemical markers, further enhancing
diagnostic accuracy. In this section, we will explore the applications of EUS in
pancreatic and biliary diseases, with particular focus on pancreatic lesions, biliary
strictures, cystic pancreatic lesions, and chronic pancreatitis.

2.1 Pancreatic Lesions

Pancreatic lesions, whether solid or cystic, pose significant diagnostic and ther-
apeutic challenges due to their varied nature, ranging from benign inflamma-
tory conditions to highly malignant neoplasms. EUS has transformed the evalua-
tion of pancreatic lesions by providing unparalleled spatial resolution, particularly
for small or occult lesions that may not be detected on cross-sectional imaging.
Among its most significant contributions is the ability to guide tissue acquisition
via EUS-FNA or FNB. EUS-FNA enables the collection of cytological specimens,
while FNB is designed for core tissue acquisition, providing additional architec-
tural details necessary for histological analysis. Studies consistently demonstrate
that EUS-FNA achieves sensitivity and specificity exceeding 85% for the diag-
nosis of pancreatic adenocarcinoma, substantially outperforming other imaging
modalities like CT and MRI in terms of detection rates and diagnostic precision.

In addition to cancer detection, EUS is invaluable in identifying and character-
izing neuroendocrine tumors (NETSs) of the pancreas. These rare, often indolent
tumors can be challenging to localize using standard imaging techniques, particu-
larly if they are small or non-functional. EUS, with its ability to visualize lesions
as small as 2-3 mm, offers a reliable solution. Furthermore, advances in EUS
elastography provide additional diagnostic utility by characterizing the stiffness
of pancreatic masses, which is often elevated in malignancies. This non-invasive
approach serves as an adjunct to FNA, aiding in differentiating benign from ma-
lignant lesions.

2.2 Biliary Strictures and Obstructions

EUS has also proven its utility in the assessment of biliary strictures and obstruc-
tions, conditions that frequently arise from diverse etiologies such as malignancy,
chronic inflammation, or iatrogenic injury. Biliary strictures present a signifi-
cant diagnostic dilemma, as differentiation between benign and malignant causes
can be difficult using conventional imaging modalities or endoscopic retrograde
cholangiopancreatography (ERCP) alone. EUS offers a unique advantage in such
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scenarios due to its ability to visualize both the biliary system and adjacent struc-
tures with high fidelity.

In cases of indeterminate strictures, EUS-FNA has shown excellent diagnostic
performance for distinguishing malignant from benign causes. The combination
of real-time imaging with targeted sampling enables tissue acquisition directly
from the stricture or from adjacent lymph nodes, further enhancing diagnostic
accuracy. Studies report sensitivity rates as high as 90% for EUS-guided sampling
of malignant biliary strictures. Moreover, EUS is particularly adept at detecting
subtle findings such as microlithiasis or biliary sludge, which are frequently missed
by modalities such as transabdominal ultrasound or CT but may be the underlying
cause of obstruction.

The role of EUS extends to staging malignancies of the biliary tract, including
cholangiocarcinoma. By providing detailed visualization of tumor invasion into
adjacent structures and enabling lymph node sampling, EUS plays a pivotal role
in determining resectability and guiding treatment decisions. The combination
of EUS and contrast-enhanced techniques has further improved the characteri-
zation of vascular involvement in malignant biliary obstructions, an important
determinant of surgical feasibility.

Table 3: Comparison of Imaging Modalities in the Evaluation of Pancreatic and
Biliary Diseases

Imaging Modal- | Resolution for | Capability for | Common Appli-
ity Small Lesions Tissue Sampling | cations
Computed Tomog- | Moderate No Staging of malig-
raphy (CT) nancies, detection
of large masses
Magnetic Reso- | High No Characterization of
nance Imaging cystic lesions, bile
(MRI) duct evaluation
Endoscopic Ultra- | Very High Yes Small lesion detec-
sound (EUS) tion, tissue sam-
pling, biliary stric-
tures
Transabdominal Low No Initial screening for
Ultrasound biliary obstruction

2.3 Cystic Lesions of the Pancreas

Pancreatic cystic lesions represent a heterogeneous group of entities ranging from
benign pseudocysts to premalignant mucinous cystic neoplasms (MCNs) and ma-
lignant intraductal papillary mucinous neoplasms (IPMNs). Differentiating these
lesions is critical for appropriate management, as the risk of malignant transforma-
tion varies significantly between subtypes. EUS, with its high-resolution imaging,
has become the diagnostic modality of choice for characterizing pancreatic cystic
lesions. By allowing for direct visualization of cyst morphology, septations, mu-
ral nodules, and communication with the pancreatic duct, EUS provides critical
information for subtype classification.

In conjunction with EUS-FNA, cyst fluid analysis can significantly enhance
diagnostic accuracy. Measurement of biochemical markers such as carcinoem-
bryonic antigen (CEA) levels in cyst fluid is particularly useful in differentiating
mucinous from non-mucinous cysts. CEA levels above 192 ng/mL have a high
sensitivity and specificity for mucinous lesions, as reported in several studies. In
addition, the assessment of cytological features, including the presence of atypical
or malignant cells, further aids in determining the risk of malignancy. Emerging
techniques, such as next-generation sequencing (NGS) of cyst fluid, hold promise
for identifying specific genetic alterations associated with malignant transforma-
tion, such as KRAS, GNAS, or TP53 mutations.

EUS also plays a critical role in the surveillance of cystic lesions with malignant
potential. For patients with branch-duct IPMNs or MCNs that do not meet

Published by TensorGate


http://research.tensorgate.org

3 THERAPEUTIC APPLICATIONS OF EUS IN PANCREATIC AND
BILIARY DISEASES

56

criteria for immediate resection, periodic EUS-based monitoring is recommended
to assess for changes in cyst size, morphology, or the development of worrisome
features such as mural nodules.

Table 4: Characteristics of Common Pancreatic Cystic Lesions

Cyst Type Morphology on | CEA Levels in | Risk of Malig-
EUS Cyst Fluid nancy
Pseudocyst Unilocular, no sep- | Low None
tations
Serous Cystade- | Multilocular, hon- | Low Very Low
noma eycomb appearance
Mucinous  Cystic | Septated, may have | High Moderate to High
Neoplasm (MCN) mural nodules
Intraductal Papil- | Communicates High Variable
lary Mucinous Neo- | with duct, mural
plasm (IPMN) nodules possible

2.4 Chronic Pancreatitis and Autoimmune Pancreatitis

Chronic pancreatitis (CP) is a progressive inflammatory disorder of the pancreas,
characterized by irreversible structural changes and impairment of exocrine and
endocrine function. EUS has become a critical tool for diagnosing early-stage CP,
where traditional imaging modalities often fall short. Subtle parenchymal changes
such as hyperechoic foci, strands, lobularity, and ductal irregularities are often the
first signs of CP and are readily detectable on EUS. The Rosemont classification
system, which provides standardized criteria for EUS-based diagnosis of CP, has
improved interobserver reliability and diagnostic accuracy.

In the context of autoimmune pancreatitis (AIP), a rare but treatable form
of chronic pancreatitis, EUS plays a key role in obtaining tissue samples to con-
firm the diagnosis. Histological examination typically reveals lymphoplasmacytic
infiltration with IgG4-positive plasma cells, findings that are diagnostic of type
1 AIP. EUS-guided biopsy is particularly valuable in differentiating AIP from
pancreatic cancer, as the clinical and imaging features of these conditions often
overlap. Moreover, EUS can assess response to steroid therapy in AIP by moni-
toring changes in pancreatic size and echotexture over time.

The role of EUS in CP extends beyond diagnosis to include therapeutic in-
terventions, such as celiac plexus block or neurolysis for pain management. By
combining diagnostic imaging with minimally invasive therapy, EUS offers a com-
prehensive approach to the management of CP and its complications.

3 Therapeutic Applications of EUS in Pancreatic and Bil-
iary Diseases

The therapeutic capabilities of endoscopic ultrasound (EUS) have revolutionized
the management of pancreatic and biliary diseases by enabling minimally invasive
interventions that serve as alternatives to traditional surgical or percutaneous ap-
proaches. Initially developed as a diagnostic tool, EUS has rapidly evolved into a
sophisticated therapeutic modality with applications that address complex clinical
challenges, particularly in the management of pancreatic and biliary pathologies.
By combining high-resolution imaging with interventional endoscopic techniques,
EUS allows for targeted interventions that are both effective and safer compared
to conventional strategies. This section elaborates on the key therapeutic applica-
tions of EUS in pancreatic and biliary diseases, with emphasis on its established
and emerging roles.

3.1 EUS-Guided Biliary Drainage

EUS-guided biliary drainage (EUS-BD) has emerged as an indispensable tool for

managing malignant biliary obstruction, particularly in cases where endoscopic
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retrograde cholangiopancreatography (ERCP) has failed or is technically challeng-
ing. Malignant biliary obstruction, often caused by pancreatic cancer or cholan-
giocarcinoma, can lead to profound complications, including cholangitis, jaundice,
and liver dysfunction, necessitating timely and effective decompression. Tradi-
tional approaches, such as percutaneous transhepatic biliary drainage (PTBD)
and surgical bypass, carry significant morbidity, prompting the development of
EUS-BD as a minimally invasive alternative.

EUS-BD encompasses a variety of techniques, including EUS-guided hepatico-
gastrostomy, choledochoduodenostomy, and gallbladder drainage. These tech-
niques involve the creation of a direct conduit between the biliary system and the
gastrointestinal lumen, facilitated by the precise visualization and puncture of
biliary structures under EUS guidance. Lumen-apposing metal stents (LAMS) or
fully covered self-expandable metallic stents (FCSEMS) are deployed to maintain
biliary drainage. Clinical studies have consistently demonstrated the efficacy of
EUS-BD, reporting technical success rates exceeding 90

The choice of EUS-BD technique is influenced by the site and severity of biliary
obstruction, patient anatomy, and operator expertise. For instance, EUS-guided
hepaticogastrostomy is often preferred for obstructions in the hilar region, whereas
choledochoduodenostomy is more suited for distal biliary obstructions. Recent
advancements, such as the use of electrocautery-enhanced delivery systems and
hybrid techniques combining ERCP and EUS, have further enhanced the safety
and efficacy of EUS-BD. Table 5 provides a comparative summary of the major
techniques used in EUS-guided biliary drainage.

Table 5: Comparison of EUS-Guided Biliary Drainage Techniques

Technique Indications Advantages and Limi-
tations

EUS-guided Hepaticogas- | Proximal biliary obstruc- | High technical success;

trostomy tion or hilar obstruction risk of bile leakage and
peritonitis

EUS-guided Choledo- | Distal biliary obstruction | Immediate drainage; po-
choduodenostomy tential duodenal perfora-

tion in difficult cases

EUS-guided Gallbladder | Acute cholecystitis or cys- | Alternative to cholecys-
Drainage tic duct obstruction tostomy; limited by gall-

bladder accessibility

3.2 Celiac Plexus Neurolysis

EUS-guided celiac plexus neurolysis (EUS-CPN) has become an essential pallia-
tive technique for alleviating severe abdominal pain in patients with pancreatic
cancer or chronic pancreatitis. Pain management in these conditions is notoriously
challenging, with many patients experiencing inadequate relief despite high-dose
opioid therapy. EUS-CPN provides a targeted approach to disrupt pain trans-
mission by delivering neurolytic agents, such as absolute alcohol or phenol, di-
rectly into the celiac plexus. This is achieved through fine-needle injection under
real-time EUS guidance, which allows precise localization of the celiac ganglia or
periarterial plexus surrounding the abdominal aorta.

The efficacy of EUS-CPN is well-documented, with approximately 70

Two main techniques are employed in EUS-CPN: central injection and bi-
lateral injection. The central injection targets the area between the celiac trunk
and the superior mesenteric artery, while the bilateral injection technique involves
delivering the neurolytic agent to both sides of the aorta. Bilateral injection is
generally associated with higher rates of pain relief due to more comprehensive
coverage of the celiac plexus. The choice of technique is often determined by
operator preference and anatomical considerations. Table 6 summarizes the key
considerations and outcomes associated with EUS-guided celiac plexus neurolysis.

Complications of EUS-CPN are rare but may include transient diarrhea, hy-

potension, or exacerbation of pain immediately after the procedure. Advances in
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Table 6: Summary of EUS-Guided Celiac Plexus Neurolysis Techniques

Injection Technique Targeted Anatomy Clinical Outcomes

Central Injection Area between celiac trunk | Moderate pain  relief;
and superior mesenteric | shorter duration of effect
artery

Bilateral Injection Both sides of the abdomi- | Higher rates of pain relief;
nal aorta prolonged duration

image-guidance technology and the development of novel neurolytic agents con-
tinue to refine the safety and efficacy profile of EUS-CPN, cementing its role in
palliative care for pancreatic and biliary malignancies.

3.3 Drainage of Pancreatic Fluid Collections

EUS-guided drainage of pancreatic fluid collections (PFCs), including pseudocysts
and walled-off necrosis (WON), represents a paradigm shift in the management
of these conditions. Pancreatic fluid collections often arise as complications of
acute or chronic pancreatitis, posing risks of infection, hemorrhage, and persis-
tent symptoms if left untreated. Traditional management options, such as per-
cutaneous drainage or open surgical necrosectomy, are associated with significant
morbidity and extended recovery times.

EUS-guided drainage offers a minimally invasive alternative, combining di-
agnostic imaging with therapeutic intervention to achieve effective resolution of
PFCs. The advent of lumen-apposing metal stents (LAMS) has been particularly
transformative, allowing for the creation of a stable and durable tract between
the gastrointestinal lumen and the fluid collection. LAMS deployment under EUS
guidance facilitates drainage while minimizing the risk of stent migration, bile
leakage, and perforation. In cases of infected WON, EUS-guided necrosectomy
can be performed by introducing endoscopic tools through the stent to remove
necrotic debris.

Numerous studies have validated the efficacy of EUS-guided PFC drainage,
with clinical success rates exceeding 85% and complication rates lower than those
associated with percutaneous or surgical approaches. The use of LAMS has also
shortened procedural times and reduced the need for multiple interventions. Pa-
tient selection remains a critical determinant of outcomes, with factors such as
the size, location, and content of the fluid collection influencing the choice of
therapeutic approach.

3.4 Emerging Therapeutic Techniques

The therapeutic potential of EUS continues to expand with the advent of novel
applications that address unmet clinical needs. EUS-guided pancreatic duct
drainage has emerged as a promising option for patients with refractory pain due
to chronic pancreatitis. This technique involves accessing the obstructed pancre-
atic duct under EUS guidance to relieve ductal hypertension, thereby mitigating
pain and improving pancreatic function.

Another innovative application of EUS is radiofrequency ablation (RFA) for
pancreatic cystic lesions and solid tumors. EUS-guided RFA delivers targeted
thermal energy to ablate neoplastic tissue, offering a minimally invasive alterna-
tive to surgical resection in select patients. Early studies have demonstrated the
feasibility and safety of this approach, with ongoing trials evaluating its long-term
efficacy in preventing disease progression.

Injection therapies represent yet another frontier in EUS-guided interventions.
Techniques such as fine-needle injection of chemotherapeutic agents, immunother-
apy, or stem cells into pancreatic or biliary tumors are being actively investigated.
These approaches hold promise for enhancing local tumor control and reducing
systemic side effects compared to conventional treatments.

the therapeutic applications of EUS in pancreatic and biliary diseases continue

to evolve, driven by advances in technology, procedural techniques, and clinical
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research. As the field matures, EUS is poised to play an increasingly central
role in the multidisciplinary management of these complex conditions, offering
patients effective and less invasive treatment options.

4 Future Directions and Innovations in EUS

Advancements in technology and techniques are poised to further enhance the
efficacy and safety of endoscopic ultrasound (EUS)-guided procedures. These
developments are not only expanding the diagnostic and therapeutic utility of
EUS but are also reducing operator dependence, improving patient outcomes,
and opening up new avenues for personalized medicine. The future of EUS lies
at the intersection of cutting-edge technologies such as artificial intelligence (AI),
innovative instrumentation, and the convergence of diagnostic and therapeutic
modalities, referred to as theranostics. In this section, we explore how these ad-
vancements promise to reshape the landscape of EUS in both clinical and research
settings.

4.1 Artificial Intelligence and Machine Learning

Artificial intelligence (AI) and machine learning (ML) represent transformative
forces in modern medicine, and their integration into EUS is beginning to yield
significant breakthroughs. Al-assisted EUS is emerging as a powerful tool for
improving diagnostic accuracy and reducing inter-operator variability, which has
historically been a significant challenge in EUS interpretation. Machine learning
algorithms, particularly those based on deep learning architectures, have shown
remarkable capability in analyzing EUS images. By identifying subtle patterns
and features that might elude even experienced endosonographers, Al models are
enabling the early detection of malignancies, such as pancreatic ductal adenocar-
cinoma, with unprecedented precision. Moreover, these systems can be trained
to differentiate benign from malignant lesions and to stratify malignancy risk
based on quantitative image characteristics, such as texture, echogenicity, and
vascularity.

One notable innovation is the use of convolutional neural networks (CNNs)
for EUS image interpretation. These algorithms can be trained on large datasets
of annotated images, allowing them to achieve levels of accuracy comparable to
or even exceeding human experts. For instance, studies have demonstrated the
potential of Al to distinguish between chronic pancreatitis and pancreatic cancer
with high sensitivity and specificity. Furthermore, real-time AT integration during
EUS procedures is becoming a reality, with systems capable of providing imme-
diate feedback to endoscopists, guiding fine-needle aspiration (FNA) or biopsy
(FNB) decisions, and improving procedural outcomes.

AT is also being employed to automate the measurement of anatomical struc-
tures, assess vascular invasion, and predict patient prognosis based on imaging
findings. These capabilities are particularly important in the context of pancre-
aticobiliary diseases, where early and accurate diagnosis is critical. In addition,
the use of natural language processing (NLP) in combination with Al-based image
analysis is being explored to streamline report generation and reduce documenta-
tion burdens. While these advances are promising, challenges remain, including
the need for extensive validation of algorithms, addressing potential biases in
training datasets, and ensuring seamless integration into clinical workflows.

4.2 Improved Needle Designs and Instrumentation

Instrumentation in EUS has undergone substantial refinement over the years,
with a focus on improving tissue acquisition, procedural precision, and patient
safety. One of the most significant advancements in this area is the development
of enhanced needle designs for EUS-guided fine-needle aspiration (EUS-FNA) and
fine-needle biopsy (EUS-FNB). Traditional FNA needles, while effective for cyto-
logical analysis, often provide limited histological material, which can complicate
pathological interpretation in cases where tissue architecture is crucial. To ad-

dress this limitation, core biopsy needles have been developed, which allow for
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the retrieval of intact tissue samples suitable for histological examination and
molecular testing.

Adjustable stiffness needles represent another important innovation, as they
enable the endoscopist to adapt the needle’s flexibility to different anatomical
scenarios. This feature is particularly useful in navigating challenging angles or
accessing deep-seated lesions, where conventional needles may struggle. Addition-
ally, the use of microfabrication techniques has led to the creation of needles with
enhanced tip designs, incorporating features such as side ports and helical cutting
edges, which improve tissue capture efficiency and reduce the number of needle
passes required.

Robotic-assisted EUS is an exciting frontier that has the potential to fur-
ther enhance procedural accuracy and operator ergonomics. Robotic platforms
equipped with EUS probes and instruments are being developed to enable highly
precise targeting of lesions, even in anatomically complex regions. These systems
may also incorporate force feedback and haptic sensing, providing the operator
with tactile information that can improve needle placement and reduce complica-
tions such as bleeding or perforation.

Table 7 summarizes some of the key advancements in needle designs and their
clinical implications, highlighting the progress made in tissue acquisition and pro-
cedural efficiency.

Table 7: Advancements in Needle Designs for EUS-Guided Procedures

Needle Design Features and Innovations

Clinical Implications

Core Biopsy Nee-
dles

Retrieval of intact tissue sam-
ples for histological and molecu-
lar analysis

Improved diagnostic accu-
racy and suitability for
personalized medicine

Adjustable  Stiff- | Adaptable flexibility for access- | Enhanced procedural suc-

ness Needles ing deep-seated or anatomically | cess rates and reduced
challenging lesions complications

Needles with Ad- | Incorporation of side ports and | Reduced needle passes

vanced Tip Designs | helical cutting edges for im- | and improved sample
proved tissue capture quality

Robotic-Assisted
Needle Systems

Integration with robotic plat-
forms for precise lesion targeting

Increased accuracy, oper-
ator ergonomics, and pro-

cedural safety

4.3 Theranostics and Personalized Medicine

The integration of EUS with theranostic approaches is an area of significant
promise, representing a paradigm shift in the management of pancreaticobiliary
and gastrointestinal diseases. Theranostics refers to the combination of diagnostic
and therapeutic modalities within a single session, enabling real-time decision-
making and tailored interventions. This approach has the potential to minimize
procedural risks, reduce healthcare costs, and provide personalized treatment
strategies for complex conditions.

EUS-guided gene therapy is a cutting-edge example of this convergence. By
utilizing EUS to deliver gene-editing tools, such as CRISPR-Cas9, directly to tar-
get tissues, researchers are exploring the potential to correct genetic mutations
associated with pancreatic cancer and other diseases. Similarly, EUS-guided lo-
calized drug delivery systems are being developed, which allow for the precise
administration of chemotherapeutic agents, immunotherapies, or novel nanopar-
ticles directly into tumors. This targeted approach minimizes systemic side effects
and enhances therapeutic efficacy.

The role of EUS in ablation therapies is also expanding, with techniques such
as EUS-guided radiofrequency ablation (RFA) and photodynamic therapy (PDT)
being employed for the treatment of pancreatic cysts, neuroendocrine tumors, and
other localized lesions. These methods, when combined with advanced imaging
and real-time monitoring, ensure accurate lesion targeting and minimize damage

to surrounding tissues.
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Another exciting area of research is the use of EUS-guided biopsy samples for
molecular profiling, which can inform the selection of targeted therapies or predict
patient response to treatment. This capability aligns closely with the principles of
personalized medicine, enabling the design of individualized treatment regimens

based on the molecular characteristics of a patient’s disease.
Table 8 provides an overview of emerging theranostic applications in EUS,
highlighting their mechanisms and potential clinical benefits.

Table 8: Emerging Theranostic Applications in EUS

Theranostic Ap-
plication

Mechanism

Clinical Benefits

EUS-Guided Gene
Therapy

Delivery of gene-editing tools to
target tissues via EUS

Potential correction of ge-
netic mutations and treat-
ment of hereditary dis-
eases

Localized Drug De-
livery

Precise administration of
chemotherapeutics or
munotherapies into tumors

im-

Reduced systemic toxicity
and enhanced drug effi-
cacy

EUS-Guided Abla-
tion Therapies

Use of RFA or PDT for lo-
calized lesion destruction under
EUS guidance

Minimally invasive treat-
ment with reduced collat-
eral damage

Molecular Profiling
of Biopsy Samples

Analysis of genetic and molec-
ular characteristics from EUS-

Personalized  treatment
strategies and improved

acquired tissue therapeutic outcomes

As these technologies continue to evolve, the potential for EUS to serve as
a cornerstone of theranostics and personalized medicine will likely expand. The
integration of advanced imaging, molecular diagnostics, and therapeutic delivery
within a single procedural framework not only exemplifies the progress being made
in EUS but also underscores its future role in revolutionizing patient care.

5 Conclusion

Endoscopic ultrasound (EUS) has emerged as a cornerstone in the evaluation
and management of pancreatic and biliary diseases, transforming both diagnostic
approaches and therapeutic paradigms in gastroenterology. By combining high-
resolution imaging with the ability to facilitate minimally invasive interventions,
EUS has redefined clinical pathways, offering significant advantages over tradi-
tional diagnostic modalities such as CT, MRI, and conventional endoscopy. Its
utility spans a wide spectrum of applications, from the early detection and staging
of malignancies to targeted therapeutic interventions, underscoring its indispens-
ability in contemporary clinical practice.

One of the most transformative aspects of EUS is its capacity for precise
tissue acquisition through techniques such as fine-needle aspiration (FNA) and
fine-needle biopsy (FNB). These methods have not only improved the diagnostic
accuracy for pancreatic masses and biliary strictures but have also allowed for ad-
vanced cytological and molecular analyses, facilitating the personalized treatment
of malignancies. The integration of real-time Doppler imaging further enhances
the ability of EUS to assess vascular involvement in malignancies, which is critical
for staging and surgical planning. However, the success of EUS remains contin-
gent on operator expertise, as the technique demands a high degree of technical
skill and interpretative acumen. This operator dependency has prompted the
development of training programs and competency benchmarks to standardize
proficiency globally, though disparities in access to skilled practitioners persist
across regions.

Therapeutically, EUS-guided interventions have revolutionized the manage-
ment of pancreatic and biliary disorders. EUS-guided biliary drainage has emerged
as a valuable alternative to percutaneous or surgical approaches, particularly
in patients with failed endoscopic retrograde cholangiopancreatography (ERCP).

Similarly, EUS-guided celiac plexus neurolysis has provided effective pain relief
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for patients with intractable cancer-related abdominal pain, significantly improv-
ing quality of life. Other innovative therapeutic applications, such as EUS-guided
pancreatic pseudocyst drainage and ablation techniques for pancreatic neoplasms,
continue to expand the utility of EUS. Despite these advances, procedural risks
such as infection, bleeding, and perforation, though relatively rare, remain areas
of concern, necessitating meticulous patient selection and post-procedural care.

Technological advancements hold great promise in addressing existing chal-
lenges and further enhancing the capabilities of EUS. The advent of artificial intel-
ligence (AI) and machine learning algorithms has begun to augment the diagnostic
accuracy of EUS by enabling automated image interpretation and anomaly detec-
tion. These tools not only assist in overcoming operator dependency but also pave
the way for standardized and reproducible diagnostic outcomes. Furthermore, the
miniaturization of instruments and the development of hybrid endoscopic devices
have expanded the therapeutic scope of EUS, allowing for combined diagnostic and
therapeutic procedures in a single session. The integration of contrast-enhanced
techniques and elastography has further refined the characterization of pancreatic
and biliary lesions, contributing to more precise clinical decision-making.

Looking forward, the continued evolution of EUS technology is anticipated to
broaden its clinical applications and enhance its efficacy in managing complex
pancreatic and biliary conditions. Research into novel biomarkers and the use of
EUS for targeted drug delivery offer exciting avenues for innovation, potentially
transforming the management of pancreatic and biliary malignancies. However,
these advancements must be accompanied by rigorous clinical trials to validate
their safety and efficacy, as well as efforts to improve access to EUS in under-
served regions. As the field progresses, multidisciplinary collaboration between
gastroenterologists, radiologists, surgeons, and oncologists will be essential to op-
timize patient outcomes and fully realize the potential of EUS.

endoscopic ultrasound has revolutionized the diagnosis and management of
pancreatic and biliary diseases, establishing itself as an indispensable tool in gas-
troenterology. While challenges such as procedural risks and operator dependency
remain, the ongoing integration of cutting-edge technologies and innovative ther-
apeutic techniques heralds a promising future for this dynamic field. As research
continues to advance, EUS is poised to play an increasingly central role in im-
proving outcomes for patients with pancreatic and biliary disorders, solidifying
its place at the forefront of modern gastroenterological practice.
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