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Abstract
Endoscopic ultrasound (EUS) has emerged as an invaluable tool for the diagnosis, 
staging and treatment of pancreatic ductal adenocarcinoma (PDAC). EUS is 
currently the most sensitive imaging tool for the detection of solid pancreatic 
tumors. Conventional EUS has evolved, and new imaging techniques, such as 
contrast-enhanced harmonics and elastography, have been developed to improve 
diagnostic accuracy during the evaluation of focal pancreatic lesions. More 
recently, evaluation with artificial intelligence has shown promising results to 
overcome operator-related flaws during EUS imaging evaluation. Currently, an 
appropriate diagnosis is based on a proper histological assessment, and EUS-
guided tissue acquisition is the standard procedure for pancreatic sampling. 
Newly developed cutting needles with core tissue procurement provide the pos-
sibility of molecular evaluation for personalized oncological treatment. Interven-
tional EUS has modified the therapeutic approach, primarily for advanced 
pancreatic cancer. EUS-guided fiducial placement for local targeted radiotherapy 
treatment or EUS-guided radiofrequency ablation has been developed for local 
treatment, especially for patients with pancreatic cancer not suitable for surgical 
resection. Additionally, EUS-guided therapeutic procedures, such as celiac plexus 
neurolysis for pain control and EUS-guided biliary drainage for biliary 
obstruction, have dramatically improved in recent years toward a more effective 
and less invasive procedure to palliate complications related to PDAC. All the 
current benefits of EUS in the diagnosis and management of PDAC will be 
thoroughly discussed.
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Core Tip: Endoscopic ultrasound (EUS) is currently an essential tool in the diagnostic 
work-up and treatment of pancreatic cancer. Contrast-enhanced harmonics, 
elastography and artificial intelligence provide additional information in the evaluation 
of focal pancreatic lesions to improve diagnostic accuracy during EUS evaluation. 
Interventional EUS has dramatically improved the palliative treatment of patients with 
pancreatic cancer, basically for local ablation therapies, adequate pain control with 
celiac plexus neurolysis and EUS-guided biliary drainage for the treatment of biliary 
obstruction.

Citation: Salom F, Prat F. Current role of endoscopic ultrasound in the diagnosis and 
management of pancreatic cancer. World J Gastrointest Endosc 2022; 14(1): 35-48
URL: https://www.wjgnet.com/1948-5190/full/v14/i1/35.htm
DOI: https://dx.doi.org/10.4253/wjge.v14.i1.35

INTRODUCTION
Pancreatic cancer is a serious oncological condition with a very poor outcome and 
survival. Pancreatic ductal adenocarcinoma (PDAC) is the most frequent pancreatic 
cancer, which represents 85% of the pathological diagnoses[1]. It is the 14th most 
common cancer and has the 7th highest cancer-related mortality in the world[2], and it 
has the fourth highest mortality in the United States[3]. The incidence is increasing, 
mainly in the Western world. It is predicted to increase to the second most common 
cause of cancer-related death in the United States and Western Europe by 2030[4]. The 
5-year survival rate is very low, ranging from 2% to 9%. The most important factor 
that influences survival is tumor stage at diagnosis, although only 20% of patients are 
candidates for surgical resection at the time of diagnosis[5,6]. Its indolent clinical 
presentation, proximity to major vessels and absence of accurate serum markers and 
imaging modalities for early diagnosis are features that complicate early detection and 
screening for this severe disease. However, an accurate histological diagnosis and 
proper staging are essential in the treatment strategy of pancreatic cancer.

Multidetector computed tomography (MDCT) is the mainstay imaging technique 
for the evaluation of solid pancreatic lesions suggestive of potential PDAC, not so 
much for adequate characterization of the lesion as for accurate staging of potential 
malignant disease[7]. Preoperative evaluation for surgical resectability is currently 
based on MDCT staging[8]. Magnetic resonance imaging (MRI) is also an interesting 
imaging modality, but it does not reach the accuracy of MDCT with regard to resect-
ability and particular vascular involvement[9].

Endoscopic ultrasound (EUS) was introduced in the 1980s as a high-precision tool 
for the analysis of the gastrointestinal wall and adjacent structures. High-quality 
images that have dramatically improved over time and the proximity of the transducer 
to the pancreatic parenchyma make EUS an invaluable tool for the description of 
pancreatic parenchyma and, thus, for pancreatic cancer diagnosis and staging.

The performance of EUS has been compared with that of computed tomography 
(CT) for pancreatic cancer staging. A meta-analysis did not find any difference in 
determining tumor resectability when these two techniques were compared[10]. 
However, rapid and recent progress in CT technology and the ability to review CT 
scan imaging studies during multidisciplinary meetings for treatment planning make 
CT the method of choice for initial staging and subsequent follow-up. In contrast, EUS 
has a higher sensitivity for the detection of solid pancreatic tumors, mainly for lesions 
under 2 cm in diameter, when compared with CT and MRI[11]. Hence, EUS is the 
preferred imaging technique for the screening of pancreatic cancer in high-risk 
populations[12]. Due to the benefits of EUS imaging provides in pancreatic cancer 
evaluation, many additional technological tools have been developed in recent years to 
try to improve the quality of EUS imaging and increase the diagnostic accuracy of this 
technique. In addition, the availability of large working channel linear array probes, or 
“therapeutic EUS scopes”, has opened a new range of possibilities beyond tissue 
acquisition for an accurate pathological diagnosis. It is also highly useful for 
therapeutic interventions, mainly for the palliation of pancreatic cancer-associated 

http://creativecommons.org/Licenses/bync/4.0/
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symptoms or to deliver targeted local treatment. The role of EUS in the evaluation and 
treatment of pancreatic cancer will be thoroughly discussed.

ANCILLARY EUS IMAGING TECHNIQUES FOR PANCREATIC CANCER 
EVALUATION
Contrast-enhanced harmonic EUS
Contrast-enhanced (CE) harmonic EUS is an ultrasonographic technique that uses a 
microbubble-based contrast agent (Sonovue™, Sonazoid™ or Definity™, depending 
on local market availability) to visualize vascularization and perfusion patterns in the 
liver, pancreatic parenchyma or lymph nodes. This technique was made available for 
EUS during the late 2000s. Harmonic components of the signal generated by 
intravenously injected microbubbles improve the evaluation of the microcirculation 
without Doppler-related artifacts[13]. Two main features are evaluated during contrast 
evaluation: one is the enhancement of the lesion with the contrast agent, which can be 
non-, hypo-, iso- or hyperenhancement, and the second is the contrast distribution, 
which can be classified as homogeneous or heterogeneous. Regarding focal pancreatic 
lesions, contrast is a useful tool to differentiate pancreatic adenocarcinoma from other 
focal lesions. Whereas pancreatic adenocarcinoma has a hypoenhanced pattern, other 
focal lesions, such as neuroendocrine tumors, metastatic lesions and inflammatory 
diseases, are either iso- or hyperenhanced[14,15]. Two different meta-analyses have 
shown a pooled sensitivity between 92% and 93% and a pooled specificity between 
87% and 88% for the differential diagnosis between pancreatic cancer and other focal 
pancreatic lesions[16,17]. CE-EUS also plays a role in patients with suspected 
pancreatic adenocarcinoma, but negative results after EUS fine needle aspiration 
(FNA), mainly in the setting of chronic pancreatitis, improve biopsy targeting at a 
second attempt[18,19]. Finally, CE-EUS is an important tool in deciding between 
surgery or surveillance of focal lesions with a negative or inconclusive histological 
diagnosis after EUS FNA or FNB. Being an operator-dependent procedure is one of the 
pitfalls of CE-EUS, but this disadvantage has been counterbalanced by an optimized 
technique of quantification analysis including a time-intensity curve for the region of 
interest[20,21].

Elastography
Elastography is an ancillary technique for the endosonographic evaluation of solid 
pancreatic lesions that evaluates tissue stiffness. There are two different types of 
elastography, namely, strain and shear wave elastography. However, only strain 
elastography is available for EUS, which measures tissue distortion after applying a 
predetermined pressure. Three different elastography measurements are available: 
The pattern of recognition in which the stiffness is defined by colors in which green 
represents the normal pancreatic tissue stiffness, blue stands for hard tissue and red 
represents softer tissue. This measurement is highly operator-dependent and does not 
provide objective information. The second measure, called the strain ratio, is a method 
of stiffness comparison between the target area and a reference area in a grayscale 
image. The distance and the selected area of reference can induce some bias with this 
technique[22]. Finally, the strain histogram is a computer-enhanced method for 
dynamic analysis, where color images are transformed into a grayscale of 256 tones. 
These two latter quantitative measurements provide more objective information than 
the pattern of recognition color evaluation. Interestingly, a meta-analysis did not show 
any difference in accuracy between qualitative and quantitative evaluations. It showed 
a pooled sensitivity of 98% and specificity of 63% for qualitative measurement and a 
pooled sensitivity of 95% and specificity of 61% for quantitative endoscopic ultrasound 
elastrography measurement for correct differentiation between malignant and benign 
solid pancreatic lesions[23]. However, the low specificity of elastography suggests that 
the stiffness of a lesion is not perfectly correlated with the presence of neoplastic 
tissue.

Contrast vs elastography
Few studies have addressed this comparison. One of the first studies compared CE 
power Doppler EUS and EUS elastography[24]. No difference was found between the 
two techniques regarding sensitivity, specificity or accuracy. A more recent pros-
pective study evaluated this query and found that quantitative elastography had a 
higher sensitivity than CE-EUS[25]. In this study, the combination of both techniques 
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did not improve the ability to differentiate benign from malignant solid pancreatic 
lesions. The addition of CE harmonic evaluation to elastography did not increase the 
diagnostic accuracy but may have improved the characterization of the pancreatic 
lesion to differentiate between distinct malignant lesions.

Artificial intelligence
It is well known that the performance of EUS for an accurate diagnosis depends highly 
on the technical capacity, knowledge and experience of the endoscopist. To overcome 
this flaw, a strong effort has been made in the development of artificial intelligence 
(AI) in the evaluation and differential diagnosis of pancreatic lesions[26]. AI is a 
mathematical prediction technique that recognizes patterns after analyzing data in 
computer-based programs, performing tasks supposedly mimicking some of the 
processes of human intelligence. Computer-aided diagnosis (CAD) refers to diagnoses 
based on image processing by computer programs[27].

The first study using CAD for pancreatic endoscopic ultrasound was reported 20 
years ago by Norton et al[28], who concluded that digital image analysis of the 
pancreas is feasible and at least comparable to human interpretation, setting the basis 
for future AI studies in the field of pancreatic diseases[28]. Subsequent studies have 
evaluated the performance of AI for the differential diagnosis of pancreatic lesions, 
with a reported accuracy of 94%[29].

Deep learning techniques refer to more advanced AI algorithms that use deep 
neural networks to provide high-performance predictions in which computers 
improve their own performance by taking advantage of previous success and error 
without further human intervention[30]. Deep learning is used in computer vision for 
imaging classification. Automatic image feature detection is its most prominent 
advantage[31]. Few studies have described the use of deep learning for EUS image 
analysis since its introduction in 2019. One study was designed for IPMN malignancy 
diagnosis with an accuracy of 94%[32], and another study by Tonozuka et al[33] was 
the first deep learning AI study that evaluated the ability of AI to detect pancreatic 
cancer. This study showed promising results with a sensitivity of 92.4%, specificity of 
84.1%, positive predictive values of 86.8% and negative predictive values of 90.7%[33].

In the future, AI can probably help in the treatment strategy ahead of tissue acqu-
isition or in cases where biopsy is not feasible. AI can also decrease the risk of missing 
a lesion due to inattention and help in the training process of future endosonographers
[34].

INTERVENTIONAL EUS IN PANCREATIC CANCER
EUS-guided tissue acquisition
The mainstay for an accurate diagnosis of pancreatic cancer is based on tissue 
acquisition. EUS FNA has been the standard method to acquire pancreatic tissue for 
more than 25 years. Great effort has been made to improve the diagnostic accuracy of 
FNA. Different changes in the standard technique have been adapted to improve FNA 
performance. Regarding technical issues, the fanning technique, which involves 
sampling different areas of the lesion during a single needle pass, can decrease the 
number of passes needed for an adequate diagnosis and increase the number of 
patients in which the diagnosis can be achieved at the first attempt. The use of suction 
during FNA has been reported in a randomized controlled trial to improve diagnostic 
accuracy[35], but the slow-pull technique in which no suction is applied has also been 
shown to yield equivalent results with less blood contamination[36]. Finally, the 
number of passes recommended for a better diagnostic yield is 3 or 4. More than 4 
passes have no proven additional benefit[37]. Other technical variations, such as 
puncture with or without the use of the stylet or the availability of an on-site cytologic 
evaluation, have provided no significant improvements in the diagnostic yield to 
ensure adequate EUS tissue acquisition.

A variety of needles with modifications in the type of tip and needle size (diameter) 
have been manufactured, and their diagnostic performance has been evaluated. 
Different sizes, from 25G to 19G, were produced to try to improve the sample size and 
ease of manipulation. No significant difference was seen in sample quality when 
different needle sizes were compared for solid pancreatic lesions[38,39].

Recently, FNB needles have been made available. One can differentiate two types of 
FNB needles, namely, fenestrated needles, introduced in approximately 2010, and 
more recently, “cutting” needles with a bevelless, dented tip. Both types aim to 
provide core tissue samples. The performance of regular FNA needles with reverse 
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bevel needles was compared. A randomized controlled trial reported that fewer passes 
are needed to obtain an adequate sample and better histological diagnosis with reverse 
bevel needles[40]. Nevertheless, a different meta-analysis showed no significant 
difference in diagnostic accuracy between these two different needle types[41].

“Cutting” needles provide core biopsy tissue and permit the preservation of cellular 
architecture, allowing FNB molecular profiles of pancreatic samples to be obtained for 
personalized oncological treatment. Two different types of “cutting” needles are 
available: A Franseen needle and a fork-tip needle.

A recent meta-analysis including only randomized controlled trials comparing FNA 
and FNB for solid pancreatic needles showed comparable results regarding sample 
adequacy and diagnostic accuracy, with similar sensitivity for both needles (93.1% for 
FNB and 90.4% for FNA)[42]. One of these studies yielded a higher quality histological 
sample with the FNB needle when compared with the standard FNA needle, with the 
former achieving better histological architecture retainment[43] (Figure 1).

Complications due to EUS-guided tissue acquisition have been described in 0.5%-
3% of cases, including acute pancreatitis, infection, perforation, and bleeding[44]. 
Although less frequently, needle tract seeding has also been described. This 
complication has a prevalence of 0.003%-0.009% with FNA needles, and to our 
knowledge, only one case of needle tract seeding has been reported with FNB needles
[45]. Even though the risk is low, we should be aware of this risk mainly for cases in 
which surgery is performed, but the needle site of puncture is not within the scope of 
surgical resection[44,45].

EUS fiducials placement
The only curative option in patients with pancreatic cancer is surgical resection. 
Unfortunately, only 20% of patients are surgical candidates after adequate diagnostic 
evaluation and staging[46]. In advanced stages, chemotherapy and radiotherapy can 
improve survival and quality of life[47]. Image-guided radiotherapy (IGRT) can 
precisely deliver radiation to the target lesion through real-time advanced imaging 
guidance to decrease toxicity to surrounding tissue. Stereotactic body radiotherapy 
(SBRT) is a form of IGRT in which multiple beam radiation allows high-dose radiation 
therapy to a select location for a precise target treatment[48]. This technique allows 
adequate control of local disease with a significant decrease in radiation toxicity[49]. 
To achieve this goal, implantable markers (fiducials) are needed as landmarks for 
precise radiation delivery. Fiducials are radiopaque markers, usually made of gold, 
placed in the target lesion to ease accurate radiation treatment. Originally, fiducials 
were placed either percutaneously or surgically. The former has the limitation of 
intervening structures in the needle tract, and the latter requires a more invasive 
procedure. EUS fiducial placement has emerged as a potential alternative to avoid 
these hurdles. Initially, they were placed with a 19G FNA needle, but due to the 
stiffness of these needles, smaller fiducials were developed for 22G FNA needle 
placement. Recently, preloaded needles became available to ease this procedure. A 
recent meta-analysis evaluated technical aspects of EUS-guided fiducial placement 
specifically for pancreatic cancer. This study showed an overall technical success rate 
of 96.27%, a migration rate of 4.33% and an adverse event rate of 4.85%[50].

Radiofrequency ablation
Radiofrequency ablation (RFA) is a local procedure that generates tissue coagulative 
necrosis induced by high temperature[51]. This is a well-established treatment for 
solid tumors of the kidney, lung and liver. Recently, an EUS RFA device composed of 
a specifically designed 19G needle and a purpose-built RF generator was developed to 
perform RFA treatment under EUS guidance. This technique produces local ablation 
through thermal coagulation and is also assumed by some authors to stimulate the 
immune response by the release of antitumoral-specific antigens (also known as the 
abscopal effect), thus potentially offering two different therapeutic mechanisms[52]. It 
is important to point out that this latter effect has been adequately described in many 
reports, but it is a rarely recognized clinical event[53].

As with every invasive procedure, there are potential adverse events, including 
pancreatitis, pancreatic duct strictures, bowel perforation, bleeding and peritonitis
[54]. EUS FRA has recently been evaluated for two indications: one for the local 
treatment of unresectable pancreatic cancer and the other for neuroendocrine 
pancreatic tumors unsuitable for surgical resection.

Unresectable pancreatic cancer
RFA for unresectable pancreatic cancer is a safe and feasible procedure. A recent study 
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Figure 1 Endoscopic ultrasound-guided tisssue acquisition. A: Puncture with a conventional fine needle aspiration needle; B: Pancreatic 
adenocarcinoma after cytologic evaluation; C: Tissue acquisition with a Franseen needle; D: Pancreatic tissue with preservation of cellular architecture.

that enrolled 10 patients with unresectable pancreatic cancer reported a technical 
feasibility of 100% and no major adverse events[55]. To date, none of the published 
studies have reported any significant efficacy data.

Neuroendocrine tumors
Pancreatic neuroendocrine tumors (NETs) are infrequent tumors (1% of all pancreatic 
neoplasms) usually exhibiting indolent behavior that occur sporadically or in the 
context of hereditary multiple endocrine neoplasia (MEN) type 1[56]. Small nonfunc-
tional NETs (diameter under 20 mm) are usually followed with CT, MRI and/or 
positron emission tomography[57], whereas surgical resection is advised in larger or 
hormone-producing NETs. Adverse events, such as pancreatic fistula, have been 
reported in 45% of cases after tumor enucleation and 14% after pancreatectomy[58]. 
RFA has emerged as a potential treatment option for these cases. Some data have been 
published in recent years regarding the usefulness of RFA for NET treatment. In a 
prospective study that evaluated the efficacy of EUS RFA in 12 patients bearing a total 
of 14 treated tumors, the 1-year complete resolution rate was 86%[59]. The role of RFA 
has also been described for functional NETs[60]. In a recent meta-analysis, the role of 
RFA in pancreatic neuroendocrine tumors demonstrated an overall effectiveness of 
96% without differences between functional and nonfunctional NETs[61].

Another meta-analysis evaluated this technique for the treatment of different types 
of pancreatic tumors and showed a technical success of 100%, a clinical success of 
91.5% and an overall adverse event rate of 14.6%, where abdominal pain was the most 
frequently reported[62]. Most available studies that have evaluated this technique are 
small-sized studies with fewer than 10 patients and uncontrolled protocols. Many 
different settings of ablation time and energy delivery were used in each study, but 
this had no impact on the final results. One prospective study evaluated EUS RFA plus 
chemotherapy vs chemotherapy alone for unresectable pancreatic cancer. Even though 
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there was a decrease in the morphine dose requirement for pain control, no difference 
was seen regarding survival[63]. Larger multicentric prospective and controlled trials 
are needed to determine the utility of this potential therapeutic resource in the 
treatment of pancreatic cancer.

Celiac plexus neurolysis
Endoscopic ultrasound celiac plexus neurolysis was introduced in 1996 for the 
management of pain caused by pancreatic cancer[64], which is the most common 
symptom in pancreatic cancer and the main impairment in quality of life of this group 
of patients. Pain is present in 60% of patients at presentation and in 80% of patients 
with advanced pancreatic cancer[65]. During celiac plexus neurolysis, absolute alcohol 
is injected as a neurolytic agent directly into the celiac plexus area to disrupt the 
transmission of pain signals. Bupivacaine 0.25% is additionally injected as an analgesic 
agent (Figure 2).

Three techniques have been described: A central technique in which the total 
amount of the agent is injected at the origin of the celiac artery, a bilateral technique in 
which the injection is done on both sides of the celiac artery with an equal distribution, 
and the most recently described direct celiac ganglia neurolysis. A meta-analysis 
evaluated the efficacy of this procedure, with pain relief being obtained in 72% of 
patients[66]. Conflicting results have been obtained regarding the best EUS neurolysis 
technique, but visibility and direct injection of the celiac ganglia substantially increase 
the response to treatment[67]. Regarding the timing of neurolysis, a randomized 
controlled trial concluded that early CPN reduces pain and decreases morphine 
consumption in patients with advanced pancreatic adenocarcinoma[68]. A systematic 
review described CPN having minimal superiority over analgesic drugs but with 
fewer adverse effects than opioids[69]. The most commonly described complications 
associated with CPN are transient and include diarrhea (23%), hypotension (33%) and 
pain exacerbation (36%)[70]. A mildly higher risk of retroperitoneal bleeding has been 
described with the bilateral technique[71]. EUS-guided celiac plexus neurolysis is a 
good option for pain treatment in patients needing high doses of opioids or with 
important adverse events related to these medications.

EUS-guided biliary drainage
Biliary duct obstruction is one of the main complications related to pancreatic cancer. 
Endoscopic retrograde cholangiopancreatography (ERCP) with stent placement is the 
standard treatment to drain biliary duct obstruction. Nevertheless, ERCP fails in 5-7% 
of the cases[72]. Until recently, percutaneous transhepatic biliary drainage (PTBD) was 
the most frequent approach for biliary drainage after ERCP failures. Although PTBD 
has significant morbidity, it is uncomfortable and generally requires more than one 
procedure[73]. This is why EUS biliary drainage emerged as an option for obstructive 
jaundice in patients with pancreatic cancer where ERCP fails with similar technical 
and clinical success compared with PTBD, with a lower incidence of adverse events. 
The first EUS biliodigestive anastomosis was described in 2001[74]. Since then, many 
advances in this endoscopic technique have been developed. A meta-analysis reported 
a technical success rate of 90% and adverse event rate in 17% of patients treated by 
EUS BD[75]. EUS biliary drainage can be divided into two distinct approaches, 
namely, gastrohepatic (or EUS-guided hepaticogastrostomy) and extrahepatic (or EUS-
guided choledocoduodenostomy) approaches (Figure 3). Each approach can be 
divided into direct drainage and the Rendez-vous technique. The latter has been 
preferred by some for benign diseases, but it is important to note that it is technically 
challenging, with a higher risk of failure and complications. We consider this 
technique to be discouraged. When the duodenum is accessible, choledocoduoden-
ostomy can be attempted, and the development of lumen-appossable metallic stents 
(LAMSs) has simplified this approach. Recently, EUS BD has been evaluated as a first-
line treatment instead of ERCP for malignant biliary obstruction, mainly due to the 
high technical success rate and the absence of papilla manipulation, which can 
decrease the risk of pancreatitis. A recent meta-analysis evaluated EUS BD as the 
primary palliation option for distal biliary obstruction, describing equivalent technical 
and clinical success, with no difference in adverse events between EUS BD and ERCP
[76]. Further high-quality multicenter and controlled studies are clearly needed to 
determine the right place for EUS-guided BD techniques beyond ERCP failures. 
Choledocoduodenostomy, equivalent to side-to side biliodigestive anastomosis, is 
prone to alimentary biliary reflux, causing cholangitis, and may thus be preferred for 
short-term drainage. For a nonaccessible duodenum, the gastrohepatic approach with 
hepatogastrostomy is the best approach, which can also be considered in benign 
conditions and in cases of biliodigestive anastomosis dysfunction after Whipple 
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Figure 2 Celiac plexus neurolysis. A: Pancreatic ductal adenocarcinoma located in the head of the pancreas; B: Endoscopic ultrasound (EUS)-guided tissue 
acquisition with a fine needle aspiration needle; C: EUS-guided puncture of the celiac plexus area; D: EUS-guided neurolysis with absolute alcohol injection.

resection. A dilated left intrahepatic duct is needed to succeed in this route. A partially 
covered metallic stent (uncovered intrahepatic portion) has been developed for this 
approach, with promising results. A systematic review that evaluated the efficacy and 
safety of EUS BD found no difference in technical success and adverse event rates 
between transgastric and transduodenal approaches[77].

Even though LAMSs are highly useful for the EUS BD approach, they are a 
regionally limited device. Regarding the risk of recurrent biliary obstruction, EUS BD 
has a lower risk of tumor ingrowth but a higher risk of food impaction than ERCP BD. 
Stent patency for EUS BD is comparable to ERCP BD. A study by Park et al[78] 
described a cumulative stent patency of 379 d for EUS BD[78].

EUS-guided gastroenterostomy
Gastric outlet obstruction (GOO) is present in 15%-25% of patients with PDAC[79] and 
has a severe impact on quality of life. Traditionally, this complication is treated either 
surgically or with self-expandable metallic stents (SEMSs) placed by the endoscopic 
route. Recently, EUS-guided gastroenterostomy has emerged as a successful alter-
native for GOO management[80]. To achieve this goal, LAMSs are used to create a 
communication between the stomach and the small bowel distal to the obstruction. A 
recent meta-analysis described a technical success rate of 92% and clinical success rate 
of 90%, with a pooled incidence of adverse events of 12%[81].

Another application of interventional EUS is for the treatment of afferent limb 
syndrome (ALS). This is a rare late postsurgical complication of PDAC pancre-
aticoduodenectomy, most frequently due to local cancer recurrence and mechanical 
obstruction, with dilation of the afferent limb and accumulation of biliopancreatic 
fluid. EUS-guided drainage with a LAMS has been described, which provides an 
adequate therapeutic approach to decompress the limb for palliative and symptomatic 
treatment[82]. Most of the evidence for these two EUS therapeutic applications is 
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Figure 3 Endoscopic ultrasound-guided choledocoduodenostomy. A: Pancreatic ductal adenocarcinoma (PDAC) located in the pancreatic head; B: 
Common bile duct dilation caused by PDAC; C: Lumen-appossable metallic stents (LAMS) distal flange opening inside the bile duct; D: Biliary drainage after LAMS 
placement.

primarily retrospective. Even though they seem to be promising techniques, well-
designed multicentric, prospective, controlled trials are needed to validate these 
resources.

CONCLUSION
Since its introduction as an endoscopic technique, EUS has evolved from a diagnostic 
imaging device toward a therapeutic tool, primarily for palliative cancer management. 
Considerable progress has been made, particularly in the diagnosis and management 
of PDAC. New imaging techniques can improve the differential diagnosis of focal 
pancreatic lesions and can decrease the bias of human imaging interpretation. EUS is 
the standard method for tissue acquisition, and the development of new “cutting” 
needles allows the procurement of core tissue for molecular profiling and personalized 
oncological treatment. Outstanding progress has been made in EUS interventional 
procedures, mainly for biliary drainage and local tumor ablation, with good technical 
and clinical success and fewer complications compared to other techniques. Future 
randomized controlled trials should be directed to evaluate the role of EUS-guided 
treatment, such as RFA, for unresectable pancreatic cancer or patients unsuitable for 
surgery. Diagnostic and interventional EUS have become essential in the workup and 
management of PDAC.
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