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Abstract
Endoscopic ultrasound (EUS) is an important part of 
modern gastrointestinal endoscopy and now has an 
integral role in the diagnostic evaluation of pancre-
atic diseases. Furthermore, as EUS technology has 
advanced, it has increasingly become a therapeutic 
procedure, and the prospect of multiple applications of 
interventional EUS for the pancreas is truly on the near 
horizon. However, this review focuses on the estab-
lished diagnostic and therapeutic roles of EUS that are 
used in current clinical practice. In particular, the diag-
nostic evaluation of acute pancreatitis, chronic pancre-
atitis, cystic pancreatic lesions and solid masses of the 
pancreas are discussed. The newer enhanced imaging 
modalities of elastography and contrast enhancement 
are evaluated in this context. The main therapeutic 
aspects of pancreatic EUS are then considered, namely 
celiac plexus block and celiac plexus neurolysis for pain 
control in chronic pancreatitis and pancreas cancer, and 
EUS-guided drainage of pancreatic fluid collections.
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INTRODUCTION
Endoscopic ultrasound (EUS) is an important technol-
ogy with many established applications that has become 
a necessary component of  any referral center endoscopy 
unit. In particular, EUS has emerged as an integral com-
ponent in the evaluation of  the pancreas, both from a 
diagnostic and an increasingly therapeutic perspective. 
In both respects, innovations continue to expand the ca-
pabilities of  EUS and push the boundaries of  its indica-
tions (Table 1). In this review, the current diagnostic and 
therapeutic aspects of  EUS with respect to pancreatic 
diseases will be explored. Emerging imaging technolo-
gies and interventional applications of  EUS that remain 
experimental and not yet ready for clinical practice are 
beyond the scope of  this paper and will not be discussed. 

DIAGNOSTIC EUS
Acute pancreatitis
The diagnosis of  acute pancreatitis should be evident 
from clinical and biochemical parameters and EUS is 



not necessary for this purpose. Furthermore, EUS does 
not have proven utility in the assessment of  the severity 
of  acute pancreatitis, for which clinical scoring systems[1] 
and computed tomography (CT)[2] have established roles. 
However, EUS may be useful in confirming the biliary 
origin of  acute pancreatitis when in doubt, and more 
commonly, for determining the need for endoscopic 
retrograde cholangiopancreatography (ERCP) when the 
likelihood of  persistent choledocholithiasis is deemed to 
be low or moderate probablility. EUS has high 94% sen-
sitivity and 95% specificity for the detection of  common 
bile duct stones[3], and is superior to transabdominal ul-
trasound, CT and magnetic resonance cholangiopancrea-
tography (MRCP), with MRCP being inferior for small 
stones in particular[4-6]. In fact, EUS has a greater than 
95% negative predictive value for choledocholithiasis[7]. 
For this reason, patients with acute biliary pancreatitis 
who have a normal EUS can avoid the need for ERCP, 
and thus the risk of  post-ERCP pancreatitis or other 
complications. In this context, performing EUS prior to 
ERCP has been shown to decrease the need for ERCP 
by nearly 70%, while significantly reducing the overall 
risk of  complications (relative risk 0.35) and of  post-
ERCP pancreatitis (relative risk 0.21)[8,9]. EUS may also 
be beneficial in the evaluation of  patients with recurrent 
idiopathic acute pancreatitis, particularly for the exclusion 
of  structural anomalies such as cystic or solid pancreatic 
neoplasms obstructing the main pancreatic duct (PD), PD 
strictures, ampullary tumors, annular pancreas and pancre-
as divisum[10]. While similar information can be obtained 
by MRCP, secretin stimulation is probably necessary for 
MRCP to achieve a high level of  accuracy for pancreas di-
visum[11,12], although doubts remain about the reliability of  
EUS for making this diagnosis as well[13]. Finally, when au-
toimmune pancreatitis is suspected, EUS can demonstrate 
characteristic imaging patterns and enables histologic tis-
sue biopsies to confirm the diagnosis[14,15]. 

Chronic pancreatitis
EUS is a well-established and accepted test for the di-

agnosis of  chronic pancreatitis[16]. The EUS criteria are 
based on nine parenchymal and ductal features (Table 2), 
with the detection of  ≥ 5 features typically considered 
diagnostic[17-19], while some studies suggest that 4 features 
are sufficient to make the diagnosis[20]. The clinical rel-
evance of  the presence of  fewer features remains unclear 
and no clear correlation with early chronic pancreatitis 
has been confirmed. In fact, as imaging technology has 
advanced, there is concern that EUS may now be overly 
sensitive to the identification of  subtle abnormalities in 
the pancreas in patients without any clinical pancreatic 
disease. Recently, the Rosemont classification scheme 
was proposed by a meeting of  experts that divided the 
EUS features (Figure 1) into major and minor criteria and 
increased the stringency of  each criterion[21]. In addition, 
it provided graded levels of  the likelihood of  chronic 
pancreatitis, compared to the all-or-nothing stratification 
of  older schemes. However, the Rosemont classification 
was never validated and has not been shown to improve 
interobserver agreement among endosonographers com-
pared to the traditional scoring system[22-24]. Thus, the 
ideal classification scheme remains undefined and uncer-
tainty remains about how exactly EUS should be used to 
make this diagnosis. In addition, while EUS can clearly 
discriminate between patients with advanced chronic 
pancreatitis and those with a normal pancreas, it is un-
clear how well current criteria can differentiate patients 
with early chronic pancreatitis from those who have no 
clinical disease.

Recently, the image enhancement technique of  elas-
tography has been used to help improve the diagnostic 
capabilities of  EUS for chronic pancreatitis. Elastography 
is a technology available with Pentax echoendoscopes 
(Pentax Inc.; Tokyo, Japan) and Hitachi processors (Hi-
tachi Inc.; Tokyo, Japan) that measures the relative stiff-
ness of  tissues based on deformation or “strain” caused 
by compression, which is presented as a color scheme 
that is superimposed on the standard B-mode image[25]. 
Initially, elastography was a purely subjective technique 
that relied on the interpretation of  relative color patterns, 
and was limited by inconsistent results and concerns over 
its operator dependence[26,27]. However, newer methods 
of  quantitative elastography have demonstrated promis-
ing early results that may aid the diagnosis of  chronic 
pancreatitis by EUS. One such quantitative method is the 
strain ratio, which measures the strain in a reference area 
relative to that in the area of  interest (both of  which are 
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Table 1  Roles of endoscopic ultrasound in pancreatic diseases

Diagnostic Therapeutic Applications under 
investigation

Acute biliary 
pancreatitis

CPB/CPN Biliary access and drainage

Chronic pancreatitis Pseudocyst 
drainage

Pancreas duct access

Solid masses Necrosectomy for 
WON

Cyst ablation

Cystic lesions Fiducial marking in tumors
Local tumor injection therapy 

or ablation
3-dimensional EUS

nCLE
Pancreatic cystoscopy

CPB: Celiac plexus block; CPN: Celiac plexus neurolysis; EUS: Endoscopic 
ultrasound; nCLE: Needle-based confocal laser endomicroscopy; WON: 
Walled-off necrosis.

Table 2  Endoscopic ultrasound criteria for diagnosis of 
chronic pancreatitis

Parenchymal features Ductal features

Hyperechoic foci Calcification
Hyperechoic strands Main PD dilation
Lobularity Dilated side branches
Cysts Hyperechoic PD margins

Irregular PD contour

PD: Pancreatic duct.



manually selected), reflected as a numerical score[28]. A 
recent Spanish study prospectively examined 191 patients 
with known chronic pancreatitis or unexplained epigas-
tric abdominal pain using quantitative EUS elastography, 
measuring the strain ratio in the head, body and tail of  
the pancreas, as well as standard EUS criteria for chronic 
pancreatitis and the Rosemont classification[29]. Patients 
who had ≥ 5 EUS criteria were considered to have a pos-
itive diagnosis of  chronic pancreatitis whereas those with 
≤ 2 EUS criteria were considered negative. Patients with 
inconclusive EUS findings, defined as the presence of  3 
or 4 criteria, then underwent secretin-stimulated MRCP 
and contrast-enhanced pancreas MRI to further confirm 
or refute the suspicion of  chronic pancreatitis. In all re-
gions of  the pancreas, the strain ratio was significantly 
higher in patients with chronic pancreatitis compared to 
those without, with a strain ratio cut-off  of  ≥ 2.25 diag-
nosing chronic pancreatitis with 91% accuracy. Further-
more, a direct linear correlation was found between the 
strain ratio and the number of  EUS criteria seen, while 
the strain ratio differed significantly between the different 
Rosemont classification groups. This study is interesting 
because it suggests the possibility of  using EUS elastogra-
phy to quantify the severity of  pancreatic fibrosis, which 
potentially could then be used to follow the progression 
of  the disease over time. In addition, of  the 92 patients in 
this study[29] who had chronic pancreatitis, 22 had incon-
clusive results based on the presence of  only 3 or 4 EUS 
criteria and needed additional MRI studies to confirm the 
diagnosis. Of  these 22 patients, 17 had a mean strain ratio 
greater than 2.25 and would have been correctly identified 

by means of  EUS elastography alone. Thus, quantitative 
elastography has the potential to improve the diagnostic 
capabilities of  EUS for chronic pancreatitis, particularly 
for early or less severe stages of  the disease for which 
current EUS criteria have been inadequate. However, 
this study was performed at a leading EUS centre by an 
expert in elastrography and it remains to be seen whether 
similar results can be consistently replicated. 

Pancreatic cysts
With significant improvements in cross-sectional ab-
dominal imaging, pancreatic cysts are being increasingly 
identified not only in patients being investigated for non-
specific abdominal complaints but also in those undergo-
ing investigations for other unrelated reasons. In recent 
studies, the prevalence of  incidental pancreatic cysts in 
patients undergoing cross-sectional abdominal imaging 
was 2.4%-13.6%[30-32]. Pancreatic cysts are categorized 
into non-neoplastic cysts and cystic neoplasms. Non-neo-
plastic cysts include the rare true simple cysts, retention 
cysts and lymphoepithelial cysts, or the more common 
inflammatory cysts (pseudocysts) and serous cystadeno-
mas. There is no known risk of  malignant transformation 
of  cysts in this category. On the other hand, cystic neo-
plasms include mucinous cyst neoplasms (MCN), intra-
ductal papillary mucinous neoplasms (IPMN) and solid 
pseudo papillary neoplasms (SPN). Based on morpho-
logic criteria, IPMN are categorized into main duct (MD-
IPMN) and branch duct (BD-IPMN) subtypes. Also, 
based on the presence and degree of  dysplasia, MCN and 
IPMN are further divided into low-grade dysplasia, high-
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Figure 1  Endoscopic ultrasound features of chronic pancreatitis. A: Calcification; B: Pancreatic duct (PD) stone; C: PD dilation; D: Lobularity.
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and an abrupt change in the caliber of  the PD with distal 
pancreatic atrophy. Thus, the main role for EUS is to as-
sist in the initial diagnosis of  a cyst neoplasm and then to 
watch for the development of  “worrisome features” in 
subsequent surveillance that is often done in combination 
with MRI. To this end, an interesting meta-analysis was 
recently performed that sought to determine the risk of  
malignancy that is associated with each of  these different 
features[45]. They determined that the OR for malignancy 
were: cyst size ≥ 3 cm (OR = 62), mural nodule (OR 
= 9.3), dilated main PD ≥ 6 mm (OR = 7.3), and MD-
IPMN vs BD-IPMN (OR = 4.7). This is particularly inter-
esting since cyst size is no longer considered an absolute 
criterion for surgery in the new guidelines[44] but carried 
the highest risk of  malignancy in this study[45]. However, 
another study that followed elderly patients who met cri-
teria for resection but declined surgery demonstrated that 
most patients with BD-IPMN with lesions ≥ 3 cm had 
a good outcome over long-term follow-up, suggesting 
that a conservative approach may be reasonable in certain 
circumstances. Nevertheless, cystic neoplasms larger than 
2 cm need to be monitored closely, often using a com-
bination of  both EUS and MRI. Recently, considerable 
interest has been placed on methods for EUS-guided cyst 
ablation[46], but this remains experimental and under on-
going development.

Pancreas masses
EUS has a high sensitivity and specificity for the detec-
tion of  focal masses in the pancreas, and has greater 
sensitivity and accuracy compared to CT, especially for 
smaller lesions < 3 cm[47]. Thus, it is particularly useful 
for the diagnosis and staging of  pancreas cancer[48]. In 
addition, EUS has a high negative predictive value and 
can reliably exclude pancreatic tumors[49]. Yet, it is the 
ability of  EUS to enable tissue biopsies of  pancreatic le-
sions via FNA that makes it such an appealing test. EUS-
FNA is a well-established, safe, and effective technique 
to confirm the diagnosis of  pancreas cancer, neuroendo-
crine tumors and other neoplasms in the pancreas[50-56]. 
However, EUS-FNA does have its limitations, including 
significantly reduced sensitivity of  only 54%-73% in the 
setting of  chronic pancreatitis compared to 85%-91% 
without chronic pancreatitis[57,58]. To optimize the techni-
cal performance of  EUS-FNA, much research has fo-
cused on improving the needle design as well as improv-
ing the FNA technique. Numerous studies have sought 
to determine the preferred needle size for pancreatic 
biopsies, since different 19-gauge (G), 22 G and 25 G 
needles exist. A recent meta-analysis that examined 8 
studies that directly compared 25 G and 22 G needles for 
FNA of  pancreatic mass lesions in 1292 patients found 
that 25 G needles had a higher sensitivity (93% vs 85%, 
P = 0.0003) but comparable specificity (97% vs 100%, 
P = 0.97) to 22 G needles[59]. In a separate study that 
developed an algorithm for needle selection, technical 
performance of  FNA was optimized when 25 G needles 
were used for transduodenal biopsies and when 22 G 

grade dysplasia and adenocarcinoma subcategories[33]. 
The malignant potential of  cystic neoplasms varies based 
on the histological type. A recent surgical series of  163 
patients with MCN reported an 18% risk of  malignant 
transformation[34]. MD-IPMN has the highest malignant 
potential ranging from 57%-92% in various series where-
as the risk for BD-IPMN is < 20%[35-37]. SPN are rare, 
low-grade malignant tumors with excellent prognosis 
after surgical resection[38]. However, given that these are 
all surgical studies, there is likely substantial selection bias 
that results in an overestimation of  the true risk of  ma-
lignant transformation for patients with cystic neoplasms 
being followed as part of  surveillance protocols[39].

Pancreatic cysts have characteristic imaging features, 
which means EUS is ideally suited for their evaluation. 
However, a study from expert EUS centers only achieved 
51% accuracy for the correct prediction of  cyst diagno-
sis based on echosonographic features alone[40]. For this 
reason, EUS-guided fine needle aspiration (EUS-FNA) 
has formed the cornerstone of  the diagnosis of  pan-
creatic cysts, with analysis of  cyst fluid markers such as 
carcinoembryonic antigen (CEA) and amylase helping to 
discriminate mucinous from non-mucinous lesions, and to 
confirm communication with the pancreatic duct[41]. Tra-
ditionally, a cut-off  of  a CEA greater than 192 ng/mL has 
been used to predict the likelihood of  mucinous cyst le-
sion[40], but this threshold is neither sensitive nor specific 
and so only CEA values that are very low (non-mucinous) 
or very high (mucinous) are truly helpful. The assessment 
of  cystic pancreatic lesions by EUS is made more chal-
lenging by the fact that FNA rarely yields diagnostic cy-
tology. In a prospective study of  143 consecutive patients 
undergoing EUS at two leading tertiary referral centers 
in The Netherlands, adequate cellular material to enable 
cytology was present in only 31% of  cases[42]. Even more 
sobering was that sufficient cyst fluid for biochemical 
analysis was present in only half  of  cases. Because of  the 
limitations of  traditional cyst fluid analysis, considerable 
research efforts have focused on genetic markers such 
as DNA analysis, allelic loss analysis and K-ras mutation 
with some promise[43], but are not yet ready for clinical 
application.

One challenge for endosonographers who follow pa-
tients with cystic pancreatic neoplasms is to know which 
patients should be sent to surgery and which patients can 
be safely followed, and to know how frequently and by 
what method that follow-up should occur. Fortunately, 
international consensus guidelines for the management 
of  IPMN and MCN have recently been updated[44]. Ac-
cordingly, all surgically fit patients with MCN or MD-
IPMN should undergo surgery, as well as surgically fit 
patients with BD-IPMN and “high risk stigmata” such 
as obstructive jaundice, an enhancing solid component 
within the cyst, or a main PD ≥ 10 mm. Patients with 
BD-IPMN but without high risk stigmata are instead 
followed closely for the development of  “worrisome 
features,” which include cyst size ≥ 3 cm, main PD 5-9 
mm, thickened/enhancing cyst walls, a mural nodule, 
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needles were used for other biopsy locations[60]. Other 
studies have considered whether negative pressure ap-
plied by suction helps or hinders biopsy results. Suction 
increases cellular yield but also increases the likelihood 
of  bloody contamination. Therefore, whether or not to 
use suction remains the source of  considerable debate. 
Some studies have found that increased suction compro-
mises specimen quality and is only required if  initially 
biopsy passes do not obtain a sample[61]. However, other 
studies have found that use of  suction improves the di-
agnostic yield[62]. A recently proposed alternative involves 
creating slight negative pressure by slowly pulling back 
the stylet timed with the to-and-fro movements of  the 
needle during the biopsy, termed the “capillary suction” 
technique, which has quickly become a popular method 
when performing FNA of  solid pancreatic lesions[63]. In 
addition, “fanning” of  the needle by moving it in mul-
tiple trajectories through different parts of  a lesion rather 
than back-and-forth along the same needle track further 
enhances the biopsy technique[64]. While it is clear that the 
presence of  an on-site cytopathologist greatly enhances 
the success and diagnostic yield from EUS-FNA[65-67], 
most centers cannot afford this luxury and therefore, 6 
to 7 passes have been considered necessary to optimize 
diagnostic yield for pancreatic masses[68,69]. The desire to 
reliably obtain a sufficient sample with fewer passes in 
the absence of  a cytopathologist was one of  the moti-
vating factors behind the creation of  a new core biopsy 
needle (ProCore; Cook Medical, Bloomington, Indiana) 
that was designed to obtain material for both cytology 
and histology. In so doing, this core needle would also 
enable histological analysis that is considered crucial for 
the diagnosis of  certain conditions such as autoimmune 
pancreatitis and gastrointestinal stromal tumors. The ini-
tial study reported excellent outcomes using the 19-gauge 
ProCore needle, with histology obtained in 89% of  cases 
and a sensitivity, specificity and diagnostic accuracy of  
90%, 100% and 93%[70]. Use of  this larger needle for 
transduodenal FNA of  lesions in the head of  the pancre-
as or uncinate process remained technically challenging 
due to difficulty using the needle in the long position and 
with acute angulation of  the echoendoscope, and so 22 
G and 25 G versions of  the ProCore needle have since 
been developed. However, it remains to be seen whether 
the smaller versions of  this core biopsy needle will prove 
to be superior to conventional FNA needles of  the same 
size, or even if  they are more likely to obtain sufficient 
tissue for histology. In fact, a recent study that used both 
the new 22 G ProCore needle and a conventional 22 G 
FNA needle to biopsy the same lesion in 144 patients, 
with randomization to needle sequence, found that there 
was no difference between the core and conventional 
needles in terms of  high quality tissue core (69% vs 66%), 
sample adequacy for histologic analysis (86% vs 88%), or 
correct diagnosis verified on follow-up (79% vs 81%), al-
though the core needle required fewer passes on average 
to obtain adequate tissue[71]. Furthermore, a study of  the 
25 G ProCore needle in which biopsy specimens were 

sent for both cytology and histology showed that most 
of  the diagnostic information from this core needle was 
actually provided by the cytological analysis[72]. The cumu-
lative sensitivity of  the results from histology compared 
to cytology was 63% vs 83% after the first pass and 87% 
vs 96% after the fourth pass, with a combined sensitivity 
of  both histology and cytology (96%) no better than the 
sensitivity of  cytology alone (96%) after 4 passes. In fact, 
while the expert endoscopist who conducted this study 
believed that a core sample was visible in 92% of  cases, 
a true histologic core was only present 32% of  the time. 
Thus, it has not yet been proven that the new 22- and 25 
G ProCore needles confer a clinical advantage that justi-
fies their increased cost compared to conventional FNA 
needles. Finally, while excellent results have been obtained 
using the larger 19 G ProCore needle, previous work 
has demonstrated that sufficient samples for histology 
can be obtained in 97% of  cases using a conventional 
19 G FNA needle[73]. This means that in situations such 
as autoimmune pancreatitis where histological analysis is 
mandatory and for which the new core biopsy needles 
have been advocated, it is possible that a conventional 19 
G FNA needle may suffice. Clearly, further work is nec-
essary to clarify the optimal needle type and method for 
biopsy of  pancreas masses. Ultimately, there is unlikely to 
be a unifying answer, but rather a tailored approach that 
modifies the type and size of  needle, as well as needle 
biopsy technique based upon the location, vascularity, ex-
tent of  fibrosis, and suspected etiology of  a given lesion.

To further aid in the evaluation of  pancreatic masses, 
enhanced imaging techniques such as elastography and 
contrast-enhanced EUS have been recently studied, al-
though neither has yet to become an established part of  
widespread clinical practice. As discussed earlier, elas-
tography measures the relative stiffness of  tissues based 
on their resistance to compression, producing a color 
pattern that is superimposed onto the standard B-mode 
ultrasound image. Early studies using qualitative elastog-
raphy demonstrated great promise using color patterns to 
predict benign from malignant status of  lesions that were 
subsequently verified on biopsy or surgery, achieving sen-
sitivities, specificities and diagnostic accuracies of  92%, 
81%, and 89% and 100%, 86%, and 94% respectively, as 
well as substantial interobserver agreement with kappa 
scores of  0.79 and 0.77[74,75]. However, other studies 
have produced disappointing results, yielding sensitivity, 
specificity and accuracy as low as 41%, 53% and 45%[27]. 
This inconsistency in the results has led to criticisms 
that qualitative elastography is too subjective and overly 
operator-dependent, which provided the impetus for the 
development of  quantitative elastography. The previ-
ously described strain ratio is the most widely studied 
quantitative method and it has been shown to accurately 
discriminate between normal pancreas (lowest strain ra-
tio), inflammatory masses, pancreas adenocarcinoma and 
neuroendocrine tumors (highest strain ratio)[25]. However, 
while the patterns are consistent within a given study, the 
actual strain ratio values overlap considerably between 
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studies. For instance, in one study from Spain[28], the 
mean strain ratio was 3.3 for inflammatory masses and 
18.1 for pancreas cancer, but in a study from Japan[76] the 
mean strain ratio was 23.7 for inflammatory masses and 
39.1 for pancreas cancer. Thus, the broader meaning of  
any particular strain ratio does not seem to apply outside 
of  a given study population, which once again must call 
into question the operator-dependent nature of  this tech-
nology and its lack of  generalizability. That said, more 
rigorous quantitative methods based on postprocessing 
computer analysis to generate a numerical scale of  firm-
ness referred to as hue-histograms[77], or using artificial 
neural networks[78], continue to be developed and hold 
the promise of  more objectively rated quantitative scor-
ing with elastography. A recent meta-analysis has sought 
to provide some clarity on the usefulness of  EUS elas-
tography for the characterization of  pancreatic masses 
by synthesizing the data from available studies, includ-
ing both qualitative and quantitative techniques[79]. The 
pooled sensitivity, specificity, odds ratio for distinguishing 
benign from malignant masses, and area under the re-
ceiver operator curve (AUROC) for 13 studies involving 
1044 patients was 95%, 67%, 42.3 and 0.90. Thus, while 
elastography has a high sensitivity that may be useful in 
the detection of  tumors, its limited specificity means that 
FNA remains necessary to confirm any suspected diag-
nosis, and so at least for the foreseeable future, this tech-
nology must only complement rather than replace tissue 
biopsy. 

Contrast enhanced EUS offers similar promise to aid 
in the diagnosis of  pancreatic mass lesions, while fac-
ing many of  the same limitations as elastography. The 
technique has been usefully integrated into the practice 
of  transabdominal ultrasound[80], particularly for lesions 
in the liver, and the same principles apply for its use with 
EUS. The contrast agents consist of  microbubbles com-
posed of  an inert gas surrounded by a lipid membrane 
that is administered intravenously to characterize flow 
within blood vessels[81]. The first generation of  contrast 
enhanced EUS relied on Doppler signaling, which cre-
ated significant artifacts and had limited usefulness[82]. 
However, with the advent of  second generation contrast 

agents and advances in echoendoscope capabilities, the 
newer technique of  contrast-enhanced harmonic EUS 
(CEH-EUS) can depict vessels with high resolution while 
detecting microbubbles within the microvasculature, 
thereby demonstrating tissue perfusion[83]. It is this ca-
pability of  illustrating areas of  relative tissue perfusion 
within the pancreas that is beneficial for the diagnosis 
of  pancreas masses. In most cases, pancreas adenocar-
cinoma has a hypovascular appearance, often with an 
irregular network of  vessels. In contrast, benign nodules 
arising within chronic pancreatitis are typically isovascu-
lar to the rest of  the pancreas, whereas neuroendocrine 
tumors are characteristically hypervascular (Figure 2)[84-86]. 
In addition, CEH-EUS may help localize a mass lesion 
within the pancreas that is suspected on cross-sectional 
imaging but not initially visualized on EUS, can improve 
the staging of  pancreatic cancers with respect to vascular 
involvement, and may help guide the target of  biopsies 
within a particular lesion when performing FNA[87].

The early data regarding the use of  CEH-EUS for 
pancreas masses has been promising. In a study from 
France, the diagnostic acumen of  CEH-EUS was com-
pared to the results of  FNA in 35 patients presenting 
with a solid pancreatic mass, with the final diagnosis de-
termined from surgical pathology or long-term clinical 
follow-up[85]. The sensitivity, specificity, positive predictive 
value (PPV), negative predictive value (NPV) and accu-
racy of  CEH-EUS was 89%, 88%, 89%, 88% and 89% 
compared to 72%, 100%, 100%, 77% and 86% for FNA 
with respect to pancreas adenocarcinoma. Thus, CEH-
EUS significantly improved both the sensitivity and NPV 
compared to EUS-FNA, which was particularly true 
when all pancreatic masses (and not just adenocarcinoma) 
were considered, in which case FNA had a NPV of  only 
54%. In fact, of  5 pancreas cancers that had negative 
FNA, 4 were correctly characterized by their hypo-en-
hancing patterns on CEH-EUS. However, there is insuf-
ficient specificity to consider using contrast enhancement 
patterns as a diagnostic method to replace tissue biopsy. 
Since then, several additional studies have been published 
demonstrating sensitivities and specificities for CEH-EUS 
in similar ranges between 90%-96% and 64%-89%[84,86]. 
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Figure 2  Pancreatic neuroendocrine tumor. A: Appearing as a hypoechoic lesion prior to the administration of contrast; B: Demonstrating hyperenhancement after 
contrast injection with Sonovue.
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A recent meta-analysis has summarized the results from 
1139 patients, and has found a pooled sensitivity, specific-
ity and AUROC of  94%, 89% and 0.97 for the diagnosis 
of  pancreas adenocarcinoma[88]. However, while these 
data appear extremely promising, CEH-EUS has been 
criticized for being unduly subjective with regards to the 
interpretation of  contrast enhancement patterns, in a 
manner similar to qualitative elastography. Novel efforts 
to quantify the extent of  contrast enhancement using 
computer software to generate time intensity curves of-
fers a more objective measurement system and perhaps 
will prove to be a more reliable method, although this is 
yet to be determined[89,90]. Currently, the main clinical role 
of  CEH-EUS is to strengthen the diagnostic interpreta-
tion of  FNA, particularly when a biopsy is negative. For 
instance, when a pancreatic mass has a hypoenhancing 
contrast pattern that is characteristic of  adenocarcinoma 
but a negative FNA, it would provide further argument 
for the need to repeat the biopsy. On the other hand, if  
there was an isoenhancing contrast pattern more typical 
of  a benign lesion, a negative FNA could be accepted 
with greater confidence. Nonetheless, the true role of  
CEH-EUS in clinical practice, if  any, requires further 
study and remains unclear. In any event, a major limiting 
factor for the widespread adoption of  this technology is 
the lack of  availability of  the contrast agents themselves 
in the United States and many other countries outside of  
Europe and Asia due to lack of  regulatory approval.

THERAPEUTIC EUS
Celiac plexus block and neurolysis
Chronic abdominal pain arising from locally invasive 
pancreatic cancer or from chronic pancreatitis has a con-
siderable negative impact on quality of  life. A significant 
proportion of  this patient population requires narcotic 
analgesia, mostly in escalating doses, which may result 
in systemic consequences and dependency[91,92]. In an ef-
fort to decrease the requirement for narcotic analgesics, 
attempts have been made to interrupt the transmission 
of  pain signals through the celiac plexus. Traditional 
methods of  performing celiac plexus block (CPB) for 
chronic pancreatitis and/or celiac plexus neurolysis 
(CPN) for pancreas cancer involved a variety of  different 
percutaneous approaches from the para-spinal region, 
most of  which involved a blind needle puncture guided 
by CT scan measurements[93,94]. In contrast, CPB/CPN 
performed under the guidance of  EUS can be effectively 
performed as a safe day procedure. The first report of  
EUS-guided CPB/CPN was by Wiersema et al[95]. Since 
then, there have been numerous studies demonstrat-
ing the benefit of  the EUS-guided approach that have 
been summarized by two recent meta-analyses[96,97]. The 
included studies have significant heterogeneity in terms 
of  the definitions of  what is considered a positive re-
sponse to therapy, but in most cases the aim has been a 
reduction in the daily usage of  narcotic analgesia. Most 
benefit has clearly been observed with CPN for patients 

with chronic pain from pancreatic malignancy where 
73%-85% demonstrated a significant response. CPB has 
not proven to be as effective for patients with abdominal 
pain from chronic pancreatitis, where the response rate is 
only 51%-60%. The reasons for this variation in benefit 
are unclear but may include different mechanisms of  pain 
causation and characteristics of  the underlying patient 
population itself.

EUS-guided CPB/CPN is performed using a linear 
echoendoscope via a trans-gastric approach from the 
proximal stomach. The celiac plexus is a conglomerate 
of  nerve plexi wrapped around the origin of  the celiac 
artery. A local anesthetic (typically bupivacaine) is injected 
alone for CPB whereas the combination of  anesthetic 
and neurolytic agent (usually 100% ethanol) is injected 
for CPN using a FNA needle positioned in the angle 
between the celiac artery and the abdominal aorta. Single 
midline injection in the angle has been compared with 
injection to either side of  this angle. A superior response 
was observed using the bilateral injection technique with 
a mean pain reduction of  70% compared with 46%, re-
spectively (P = 0.002)[98]. Since the outcomes with CPB/
CPN have remained less than optimal, there has been a 
recent shift toward directly targeting the celiac ganglia 
instead of  the celiac plexus. Levy et al[99] first reported the 
endosonographic visualization of  the celiac ganglia in 
2006. Since then, other investigators have been success-
ful in visualizing the celiac ganglia in a significant number 
of  their patients. A recent randomized, controlled trial 
demonstrated a significant improvement in both the 
partial and complete response rates in patients with pain 
from abdominal cancer undergoing celiac ganglia neu-
rolysis (CGN) compared with CPN (74% vs 46%, P = 
0.026)[100]. It has also been recently suggested that earlier 
performance of  CPN for patients with inoperable pan-
creas cancer may be preferable by reducing their need for, 
and mitigate some of  the consequences of, increasing 
narcotic analgesic usage[101]. However, additional studies 
are required to verify all these recent findings. In sum-
mary, EUS-guided CPN and CGN are safe procedures 
with minimal side effects that provide significant benefit 
for chronic abdominal pain due to pancreatic cancer, but 
have more limited benefit in patients with chronic pan-
creatitis.

Drainage of pancreatic fluid collections
The management of  pancreatic fluid collections (PFC), 
including both pseudocysts and walled-off  necrosis 
(WON), is a complicated topic that has been discussed 
in detail by recent reviews and guideline statements[102,103], 
which increasingly falls within the purview of  EUS and 
interventional endoscopy. While the traditional manage-
ment of  PFC was open surgery, consensus has emerged 
in recent years focusing on a more conservative approach, 
delaying or avoiding invasive procedures where possible 
and favoring minimally invasive or endoscopic methods 
when such interventions are necessary[103]. Furthermore, 
distinguishing the different types of  PFC is now recog-
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nized as important since this has an important impact 
on the therapeutic approach and expected outcomes[104]. 
In the revised Atlanta classification of  acute pancreati-
tis, PFC are now divided into acute fluid collections and 
acute necrotic collections when occurring less than 4 wk 
from an attack of  acute interstitial pancreatitis and acute 
necrotizing pancreatitis respectively, and are considered 
pseudocysts when more than 4 wk after an episode of  
interstitial pancreatitis, have an encapsulated wall and no 
internal debris, and are considered WON when more 
than 4 wk from an episode of  necrotizing pancreatitis, 
have an encapsulated wall and contain internal debris[105]. 
Most PFC will resolve on their own, which means that 
intervention is only required when pseudocysts or WON 
are symptomatic, typically because of  persistent abdomi-
nal pain, luminal or biliary compression, or most impor-
tantly, infection[106]. Endoscopic strategies for the drainage 
of  PFC have been used for over 2 decades[107] and have 
evolved from a direct endoscopic approach dependent 
upon visualization of  a large bulge into the lumen created 
by the PFC, to an EUS-guided approach that appears to 
be safer and more effective[108-110], and is increasingly con-
sidered standard-of-care[103]. There are many variations of  
the technique, but the principle involves combining en-
doscopic, EUS, and fluoroscopic imaging to facilitate the 
creation of  a transgastric or transduodenal fistulous tract 
into the encapsulated PFC, through which stents (plastic 
pigtail or covered metal) are placed to maintain the paten-
cy of  the cyst-gastrostomy or cyst-duodenostomy tract to 
enable ongoing drainage. The basic steps are as follows: (1) 
Delay intervention for at least 4 wk until PFC has become 
encapsulated and adherent to the gastric or duodenal 
wall; (2) Perform recent cross-sectional imaging (CT or 
MRI) to provide “road map” for drainage procedure and 
to help differentiate a pseudocyst from WON (however 
internal debris within the PFC is sometimes only seen on 
EUS when not previously detected by other imaging mo-
dalities). Also helpful for excluding a possible pseudoa-
neurysm; (3) The procedure should be performed with 
peri-procedural antibiotics, use of  CO2 insufflation to 
avoid rare risk of  air embolism, and endotracheal intuba-
tion to avoid aspiration risk; (4) The PFC is carefully ex-
amined under EUS to determine the optimal location for 

cyst puncture and to verify that the PFC is adherent to the 
luminal wall (i.e., they move synchronously) and is located 
within reasonably proximity (< 10-20 mm) to the luminal 
wall (Figure 3A); (5) Doppler imaging is used to verify 
the absence of  intervening vessels (such as varices from 
splenic vein thrombosis) or a pseudoaneurysm commu-
nicating with the PFC; (6) EUS-FNA is performed using 
a 19 G needle. Fluid is aspirated to give a gross sense of  
the nature of  the PFC (i.e., does it appear as clear liquid 
consistent with pseudocyst, thick, murky fluid consistent 
with WON, or purulent fluid suggestive of  infection?) 
and is sent off  for cyst fluid analysis to confirm that the 
PFC is truly secondary to pancreatitis and not a primary 
cyst neoplasm (Figure 3B); (7) Contrast may be injected 
via the FNA needle to delineate the dimensions of  the 
PFC. A soft tip guide wire is then inserted under fluo-
roscopic guidance and should be seen to coil within the 
PFC, demonstrating adequate guide wire advancement; 
(8) The fistula tract is then enlarged by advancement of  a 
balloon dilator over the wire and into the PFC. Occasion-
ally it is difficult to advance the balloon catheter through 
the gastric or duodenal wall, in which case the needle tract 
needs to first be enlarged by passing a Soehendra stent 
retriever or by using electrocautery with a needle-knife 
device or cystotome over the wire. Once this is done, the 
balloon dilator will pass easily over the wire into the cyst; 
(9) Balloon dilation and placement of  stents: For pseudo-
cysts: balloon dilation to 10 mm, followed by placement 
of  2 plastic pigtail stents (usually 7 Fr or 8.5 Fr) over a 
wire across the dilated fistula tract. For WON: progressive 
balloon dilation to 18-20 mm, followed by placement of  2 
plastic pigtail stents (7 or 8.5 Fr and 10 Fr) or a fully-cov-
ered, self-expanding metal stent, and then placement of  
a naso-cystic tube for intermittent flushing of  the WON 
collection. For WON, direct endoscopic necrosectomy is 
performed by inserting a gastroscope into the collection 
via the dilated cyst-gastrostomy or cyst-duodenostomy 
tract, followed by careful debridement of  the necrotic 
contents (Figure 4); and (10) The ideal duration of  trans-
luminal stent placement remains unclear and is the source 
of  ongoing debate. At a minimum, the stents should be 
left in place until repeat imaging demonstrates complete 
resolution of  the PFC, although in some cases the stents 
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Figure 3  Pancreatic fluid collection. A: Internal debris; B: Fine needle aspiration using 19 guage needle.
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should be left for much longer[111].
Recent innovations continue to modify and improve 

this basic technique and should result in a more effective 
and perhaps technically simpler procedure, particularly as 
dedicated devices for EUS-guided PFC drainage emerge. 
While these developments are likely unnecessary for 
pseudocyst drainage, they will probably improve the man-
agement of  WON. One such innovation is the multiple 
transluminal gateway technique proposed by Varadarajulu 
et al[112] whereby 2 or more separate fistulous tracts are 
made across the gastric wall into one WON collection 
under EUS guidance, with placement of  multiple plastic 
pigtail stents in each. A nasocystic tube is then used to 
flush normal saline through one of  the fistula tracts, with 
the expectation that the additional transluminal tracts will 
enable greater drainage of  necrotic debris. In the initial 
retrospective study, patients with symptomatic WON 
who underwent the multiple transluminal gateway tech-
nique were significantly more likely to have treatment 
success compared to those who received the conven-
tional single-port drainage technique (92% vs 52%, P = 
0.01) and much less likely to ultimately require surgery 
(0% vs 35%)[112]. However, prospective comparative stud-
ies are needed to verify these findings. Another recent 
innovation is the development of  the first fully covered, 
metal stents specifically designed for EUS-guided drain-
age of  PFC. These include the Nagi stent (Taewoong 
Medical Co.; Gyeonggi-do, South Korea) and the AXIOS 
stent (Xlumina Inc., Mountain View, CA). Both stents 
have a similar design that exhibit flared ends that securely 

anchor the walls of  the cyst and lumen while preventing 
migration. While the Nagi stent requires balloon dilation 
of  the fistula tract prior to its deployment[113], the AXIOS 
stent may be deployed as a single-step device over a guide 
wire, which can be done entirely under EUS and endo-
scopic guidance without fluoroscopy[114]. Balloon dilation 
can then be performed inside of  the stent to increase the 
diameter to enable endoscopic necrosectomy for WON 
if  necessary. However, these systems have not yet been 
studied in prospective clinical trials to determine their 
merits and to define when they should be used in the 
treatment of  pseudocysts and WON. 

Where data do exist is the increasing demonstration 
of  the superior efficacy and safety of  endoscopic meth-
ods for the treatment of  PFC, as well as the benefits of  
an overall more conservative, step-up approach. A recent 
randomized, controlled trial of  EUS-guided vs surgical 
cystgastrostomy for pseudocyst drainage demonstrated 
no differences in treatment success, complications, need 
for re-intervention or pseudocyst recurrence, but there 
was significantly shorter hospital length of  stay (median 2 
d vs 6 d, P < 0.001) and reduced costs in the endoscopic 
group[115]. Thus, endoscopic approaches clearly seem to 
be the preferable strategy for uncomplicated pseudocysts 
since there is no apparent advantage to surgery. Manage-
ment of  WON, particularly when direct endoscopic ne-
crosectomy is required, is more difficult and poses greater 
risk of  complications. In a prospective series from major 
tertiary centers in the United States, endoscopic necrosec-
tomy was successful in 91% of  patients but there was a 
14% complication rate[116]. The Japanese and German ex-
periences also demonstrate good treatment success rates 
(75% and 80% resolution, respectively) but a concerning 
33% and 25% rate of  complications, including mortality 
rates of  10% and 7.5%[117,118]. Such a high rate of  po-
tential complications should give caution to those who 
would consider taking on this procedure outside of  spe-
cialized centers or without adequate training. That said, 
the experience of  the Dutch Pancreatitis Study Group 
demonstrates that less invasive approaches, including 
endoscopy, may indeed be safer than surgery for the 
treatment of  WON. In a prospective, randomized trial of  
primary open necrosectomy vs a step-up approach con-
sisting of  percutaneous drainage followed by minimally 
invasive retroperitoneal necrosectomy when necessary, 
the primary composite endpoint of  major complications, 
multi-organ failure or death occurred in 69% of  the open 
surgical group compared to 40% of  the step-group (P = 
0.006)[119]. Furthermore, more than one-third of  patients 
in the step-up group were managed by percutaneous 
drainage only, suggesting that a more conservative ap-
proach is adequate for a significant proportion of  pa-
tients. The same group then published a small follow-up 
paper in which patients with infected WON who failed 
to respond to percutaneous drainage were randomized to 
either endoscopic necrosectomy or to minimally invasive 
surgery using video-assisted retroperitoneal debride-
ment[120]. In this study, the composite endpoint of  multi-
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Figure 4  Direct endoscopic necrosectomy. A: Balloon dilation of fistula tract 
to 20 mm; B: Necrotic debris apparent within the walled-off necrosis.

Teshima CW et al . Pancreatic EUS



organ failure, intra-abdominal bleeding, fistula formation 
or death occurred in 20% of  the endoscopic group and 
in 80% of  the surgical group (P = 0.03), illustrating a 
clear advantage for the endoscopic approach. However, 
the number of  patients included in this study was small.  
Additional insight will become available once this Dutch 
group completes their ongoing randomized trial that is 
comparing endoscopic necrosectomy to a conservative, 
step-up approach. Furthermore, with the development of  
dedicated metal stents for PFC drainage and innovations 
such as the multiple transluminal gateway technique, it is 
possible that the endoscopic approach may become safer 
by reducing the need for direct endoscopic debridement 
within the necrotic collection while still achieving suc-
cessful outcomes. This too remains speculative and will 
require significant ongoing study.

CONCLUSION
In summary, EUS has a clearly established role in the 
diagnosis of  pancreatic diseases, particularly in the evalu-
ation of  acute and chronic pancreatitis, and in the di-
agnosis and management of  cystic and solid pancreatic 
lesions. Furthermore, established therapeutic applications 
of  EUS include CPB/CPN and management of  PFC. 
In the future, the diagnostic capabilities of  EUS will 
continue to expand while its therapeutic potential should 
blossom as it increasingly becomes an interventional pro-
cedure for local tumor treatments, cyst ablation, as well 
as access and drainage of  the PD and biliary system. The 
future of  pancreatic EUS is exciting indeed.
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