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Abstract
Endoscopic ultrasound (EUS) has emerged as a valuable 
tool in the evaluation of benign and malignant pancreatic 
diseases. The ability to obtain high quality images and 
perform fine-needle aspiration (FNA) has led EUS to 
become the diagnostic test of choice when evaluating 
the pancreas. This article will review the role of EUS in 
benign pancreatic diseases.
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INTRODUCTION
Endoscopic ultrasound (EUS) was developed in part to 
better evaluate the pancreas. As the ultrasound probe lies 
in close proximity of  the pancreas, high quality images can 
be obtained and FNA can be performed under ultrasound 
guidance. EUS is considered safer and less invasive than 
endoscopic retrograde pancreatography (ERP). Thus, EUS 
is an important diagnostic test when evaluating the pancreas, 
especially in the setting of  benign pancreatic diseases.

CHRONIC PANCREATITIS
EUS appearance
The diagnosis of  chronic pancreatitis via EUS is based 
on parenchymal and ductal criteria on examination of  the 
pancreas. The presence of  5 or more criteria is generally 
considered highly suggestive or diagnostic of  chronic 

pancreatitis and the presence of  2 or less criteria generally 
rules out the diagnosis of  chronic pancreatitis.

To make the EUS diagnosis of  chronic pancreatitis, one 
must understand the “normal” sonographic features of  
the pancreas. Several features were initially established by 
standard transabdominal ultrasound examinations of  the 
pancreas. A “normal pancreas” was determined through 
studies such as that of  Ikeda et al[1] who reported features 
of  the pancreas in a large screening program in Japan. 
The pancreatic parenchyma in the absence of  disease 
should appear homogeneous and have a “salt and pepper” 
appearance (Figure 1). The pancreatic duct should be seen 
as a smooth tubular structure coursing through the center 
of  the pancreas. Side branches should not be visible.

The features of  chronic pancreatitis can be divided into 
those that pertain to the parenchyma and the duct. These 
have been previously described by Lees[2,3] and Wiersema[4]. 
The parenchymal features include: hyperechogenic foci, 
hyperechogenic strands, lobulation, cysts, and calcifications; 
the ductal features include: main duct dilation, main duct 
irregularity, hyperechogenic main duct margins, and visible 
side branch ducts (Table 1).

Hyperechogenic foci and strands are bright echoes 
or string-like structures that may correlate histologically 
with thickened fibrous deposits[5]. These findings can be 
seen in patients with a normal pancreas, especially in older 
individuals. When hyperechogenic strands form a distinct 
“lobule”, this is called lobulation (Figure 2). The pancreas 
thus appears inhomogeneous. This feature is more 
strongly associated with chronic pancreatitis as compared 
to hyperechogenic foci and strands alone. Calcifications of  
the pancreas are seen as hyperechoic or bright areas with 
acoustic shadowing. This feature is almost pathognomonic 
of  chronic pancreatitis. Cysts are anechoic round or oval 
structures. Pancreatic cysts will be discussed further in the 
later sections of  this article.

The size of  a normal pancreatic duct is considered to 
be less than 3 mm in the head, 2 mm in the body and 1 
mm in the tail of  the pancreas. A larger duct is considered 
to be abnormal except in older patients when found as 
an isolated finding. An irregular duct correlates with focal 
dilation and narrowing of  the main pancreatic duct. If  
a side branch is visible, this is considered a feature of  
chronic pancreatitis.

The threshold for EUS d iagnos i s of  chronic 
pancreatitis can be varied. A lower threshold such as 
greater than 3 criteria will produce a high sensitivity, but a 
low specificity. By contrast, using a higher threshold such 
as greater than 5 criteria will produce a low sensitivity and 
a high specificity. Thus, if  the purpose of  the examination 
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is to exclude disease, a low threshold should be used. 
However, if  the purpose is to establish the diagnosis 
chronic pancreatitis, a higher threshold should be used.

Another important fact is that not all factors are equal 
when diagnosing chronic pancreatitis. The features of  
lobulation and calcification are suggestive of  chronic 
pancreatitis even in the absence of  other criteria. As 
mentioned earlier, some features such as a dilated duct 
can be a “normal” finding in older individuals[1]. Currently, 
there is no accepted scoring system to take these factors 
into consideration.

Recen t e xpe r imen t a l e v i d ence sug g e s t s t h e 
complementary role of  increased levels of  an inflammatory 
mediator such as the interleukin 8 (IL-8) in pancreatic juice 
and EUS to diagnose chronic pancreatitis[6]. In this study, 
the specificity of  the combination of  tests (both increased 
pancreatic juice levels of  IL-8 and abnormal EUS) reached 
100%. Until these data are confirmed in larger studies, 
clinical judgment must be used to make a diagnosis of  
chronic pancreatitis.

The lack of  a gold standard for diagnosis other than 
histology has pressed some investigators to explore the 
role of  EUS-FNA in chronic pancreatitis. Hollerbach et 
al[7] performed EUS-FNA in 27 patients with different 
degrees of  severity (as measured by ERP criteria). EUS 
was 97% sensitive but only 60% specific for the diagnosis 
of  chronic pancreatitis. The only advantage of  EUS-
FNA in this study was represented by an increased 
negative predictive value. Few patients developed self-
limited abdominal pain after the procedure, but no major 

complications were observed.
More recently, DeWitt et al[8] published their experience 

with EUS-FNA using the trucut needle which provides a 
core biopsy of  the pancreas for histology. The results were 
compared with EUS and ERP.  The authors observed poor 
agreement between EUS and EUS with trucut biopsy and 
only fair agreement between ERP and EUS with trucut 
biopsy. Therefore, the results of  these studies induce 
caution when considering EUS-FNA (including the trucut 
needle) to diagnose chronic pancreatitis.

Conversely, EUS with trucut biopsy may have a 
significant role when considering the diagnosis of  
autoimmune chronic pancreatitis. Though the most 
characteristic endosonographic finding of  this condition 
is diffuse pancreatic parenchyma enlargement (so-called 
sausage shape), there may be overlap with the non-
autoimmune form of  the disease or with cases of  a 
pseudotumorous pancreatitis. Levy et al[9] reported their 
experience on 19 patients with autoimmune pancreatitis. 
In 10 patients who had EUS-FNA, the material retrieved 
was not adequate for the cytopathologist to make the 
diagnosis. However, the combination of  the trucut needle 
and the immunohistochemistry staining for IgG 4 allowed 
the Authors to reach the correct final diagnosis of  chronic 
autoimmune pancreatitis in virtually all patients. The 
authors concluded that though the EUS with trucut helps 
to make the diagnosis of  autoimmune pancreatitis, this 
condition has still a low prevalence and a high suspicion 
of  the disease with appropriate clinical presentation is 
necessary.

Table 1  Features of chronic pancreatitis

EUS criteria Appearance   Histological correlate

Hyperechoic foci Small distinct focus of bright echo    Focal fibrosis
Hyperechoic strands Small string like bright echo    Bridging fibrosis
Lobularity Rounded homogenous areas separated by 

hyperechoic strands
   Fibrosis, glandular atrophy

Cyst Abnormal anechoic round or oval structure    Cysts, pseudocyst
Calcification Hyperechoic lesion with acoustic shadowing    Parenchymal calcification
Ductal dilation > 3 mm in head, > 2 mm in body, > 1 mm in tail    Duct dilation
Side branch dilation Small anechoic structure outside the main 

pancreatic duct
   Side branch dilation

Duct irregularity Coarse uneven outline of the duct    Focal dilation, narrowing
Hyperechoic duct margins Hyperechoic margins of the main pancreatic duct    Periductal fibrosis
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Figure 1  Normal pancreas. Figure 2  Lobular pancreas.
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PANCREATIC CYSTS
EUS appearance
Improved imaging techniques and more frequent 
imaging of  the abdomen has led to increased discovery 
of  pancreatic cysts. These cysts pose a diagnostic and 
therapeutic challenge as the pathology ranges from benign 
pseudocysts to malignant cystic neoplasms. EUS plays 
an important role in the diagnosis and management of  
pancreatic cysts as allows for high quality images and the 
ability to perform fine needle aspiration.

Pseudocysts account for approximately 90% of  
pancreatic cystic lesions. Serous cystadenomas (SCA), 
mucinous cystadenomas (MCA) and intraductal papillary 
mucinous neoplasms (IPMN) account for the majority of  
the remaining 10% of  cysts. Pseudocysts and SCA have 
little or no malignant potential as opposed to MCA and 
IPMN which are potentially malignant or malignant. Thus, 
it is important to identify mucinous cystic lesions. 

Pseudocysts are inflammatory fluid collections that 
arise in the setting of  acute or chronic pancreatitis. These 
cysts are anechoic, thick walled structures. Septations 
are rare and regional inflammatory lymph nodes may be 
seen. Aspiration of  cyst fluid will reveal dark, thin fluid 
containing inflammatory cells and high levels of  amylase.

SCA are benign cystic lesions of  the pancreas[10] with 
the exception of  a few case reports[11-13]. They have a 
female predilection and are most commonly discovered 
in the 7th decade of  life[10,14,15]. These cysts are generally 
microcystic, but solid and macrocystic variants have been 
described[16-19]. This leads to a honeycomb appearance 
in cross-section. Central or “sunburst” calcification is 
considered pathognomonic, but is found in less than 20% 
of  cases[15,20]. Cytology obtained from EUS guided FNA 
of  these cysts is often non-diagnostic[21]. However, when 
an adequate sample is obtained, this will reveal cuboidal 
cells without the presence of  mucin.

MCA are generally macrocystic, composed of  a small 
number of  discrete compartments greater than 2 cm in 
size[15]. The septations are thick, irregular and occasionally 
a peripheral area of  calcification is present[22]. It has a 
female predilection, mostly present in the body-tail region 
of  the pancreas and occur most commonly in the 5th to 
7th decade of  life[15,20,23]. The presence of  mural nodules is 
suggestive of  invasive carcinoma. The cyst fluid of  MCA 
is viscous and clear. Cytology will reveal mucin rich fluid 
with columnar mucinous cells[15].

The EUS appearance of  IPMN includes segmental or 
diffuse dilation of  the main pancreatic duct or multiple 
pancreatic cysts that arise from the branch ducts of  the 
main pancreatic duct. There is an equal or slightly higher 
incidence of  IPMNs among males than in females. The 
peak incidence is in the 6th and 7th decade of  life[15,24]. 
Like MCA, the cyst fluid is viscous, clear and will contain 
mucinous epithelial cells[15].

Cyst fluid analysis
Cyst fluid analysis of  tumor markers has been studied to 
differentiate among benign and pre-malignant pancreatic 
cysts. In the Cooperative Pancreatic Cyst Study, the authors 
compared the findings of  pancreatic cyst fluid of  one 

hundred twelve patients obtained via EUS-FNA to surgical 
histology. EUS morphology, fluid cytology and cystic fluid 
tumor markers were evaluated. The results demonstrated 
that cyst fluid CEA levels (optimal cut-off  192 ng/mL) 
provided the greatest accuracy in differentiating mucinous 
versus non-mucinous pancreatic cysts. In addition, the 
accuracy of  cyst fluid CEA was higher than that of  EUS 
morphology, cyst fluid cytology or any combination of  
tests[25]. However, cyst fluid tumor marker values alone 
cannot definitively discriminate between mucinous and 
non-mucinous pancreatic cysts as there is overlap of  CEA 
levels in these cysts[25,26].

New techniques
Trucut biopsy of  the pancreatic cyst wall has been 
investigated as a possible method of  diagnosing pancreatic 
cysts. Levy et al[27] performed EUS guided trucut biopsies 
(EUS-TCB) in ten patients. In seven patients, a diagnosis 
was established and no complications were reported. 
Although promising, EUS-TCB can be difficult to perform 
in the head of  the pancreas given the risk of  puncturing 
surrounding vasculature. In addition, the curvature of  
the scope may not allow for effective firing of  the biopsy 
needle.

The role of  pancreatic cyst fluid molecular analysis 
in predicting the pathology of  the pancreatic cysts has 
been investigated. Khalid et al[28] analyzed pancreatic cystic 
fluid obtained via EUS-FNA in thirty-six patients with 
confirmed surgical histology. The authors hypothesized 
that polymerase chain reaction (PCR) amplification 
of  DNA from whole or lysed cells shed into the cyst 
fluid may be predictive of  cyst pathology. A high level 
of  mutational damage would predict an underlying 
malignancy. In addition, as malignant cysts would have 
high cell turnover, cyst fluid DNA content may be higher 
in malignant cysts. Ten of  the eleven malignant cysts 
carried multiple mutations as compared to no mutations 
in all ten benign cysts. The total amount of  DNA in the 
malignant cysts was significantly higher than in the benign 
cysts.

INTERVENTIONAL EUS
Celiac plexus block
Pain associated with chronic pancreatitis can be difficult to 
control[29]. Often narcotic pain medications are required, 
but these are associated with significant adverse effects 
including constipation, nausea, vomiting and dependence. 
As pancreatic pain is mainly transmitted through the 
celiac plexus, celiac plexus neurolysis or block has been 
employed to manage pain related to pancreatic cancer or 
chronic pancreatitis. Initially, this was performed surgically 
or percutaneously. EUS-guided celiac plexus neurolysis 
was introduced by Wiersema et al[30] which was found to 
be as effective as the surgical or percutaneous approaches 
for the management of  pancreatic cancer related pain. 
This technique was applied to manage pain from chronic 
pancreatitis[31,32]. Gress et al[31] reported a series of  ninety 
patients with chronic pancreatit is who underwent 
EUS-guided celiac plexus block using Bupivacaine and 
Triamcinolone. Fifty-five percent of  patients reported 
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a decrease in pain symptoms at 4 and 8 wk. A smaller 
percentage of  patients experienced pain relief  at 12 and 
24 wk. The study was limited by a lack of  a placebo arm 
which allows for potential bias. The use of  celiac plexus 
block for the management of  chronic pancreatitis pain 
remains uncertain and further studies are necessary.

Drainage of pseudocyst
Pancreatic pseudocysts may develop as sequela of  acute 
or chronic pancreatitis. They can be asymptomatic and 
often resolve with time. However, when they become 
symptomatic or enlarge to greater than 6 cm in size, 
drainage is indicated. Traditionally, drainage of  pseudocysts 
was performed surgically. However, percutaneous and 
endoscopic techniques have gained favor given the 
mortality and morbidity of  surgery. The location of  
puncture for transgastric and transduodenal drainage of  
pseudocysts was determined by the bulge caused by the 
pseudocyst into the lumen. In the absence of  a bulge, 
puncture of  the cyst was a “blind” process increasing the 
risk of  perforation and hemorrhage[33,34]. EUS allows for 
transgastric or transduodenal drainage of  the pseudocyst 
under real time ultrasound guidance and thus minimizes 
the risk of  complications. Various techniques have been 
described in the literature[34-42].

CONCLUSIONS
EUS is an essential tool in evaluating benign pancreatic 
diseases. Chronic pancreatitis and cystic lesions of  the 
pancreas pose a diagnostic challenge. EUS carries an 
advantage over CT scans and endoscopic retrograde 
pancreatography in the diagnosis of  chronic pancreatitis 
as it has the ability to detect parenchymal changes evident 
in early chronic pancreatitis. In the cases of  pancreatic 
cysts, EUS allows for direct sampling of  cyst fluid under 
ultrasound guidance to differentiate between cystic lesions 
of  the pancreas. Overall, the ability to obtain important 
information regarding the pancreas through high quality 
images and FNA in a relatively safe manner is the main 
advantage of  EUS.
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