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Chronic pancreatitis (CP) is a consequence of 
various disorders—largely chronic alcoholism, 
biliary diseases, and trauma—and is signaled by 
specific risk factors, known signs and symptoms, 
and distinct abnormalities of imaging and 
laboratory diagnostics. Pancreatic calcification 
and dilatation of the pancreatic duct are 
characteristics findings of CP on noninvasive 
imaging studies, such as computed tomography 
(CT) and magnetic resonance imaging (MRI) (14). 
Although the latter are considered modalities of 
choice, endoscopic ultrasound (EUS) is now also 
viewed as one of the most sensitive methods for 
detecting pancreatic lesions, given the close 
proximity of the transducer to the pancreas (4, 21, 

27, 28). Since 1986, there have been numerous 
studies reporting the use of endoscopic 
ultrasound for the diagnosis of chronic 
pancreatitis. EUS has been amply compared with 
noninvasive cross-sectional imaging and 
endoscopic retrograde cholangiopancreatography 
(ERCP) (6, 20, 26, 30, 33, 35, 36) in terms of 
accuracy in diagnosing CP (as shown in Table 1). 
The utility of EUS stems from its capacity to 
demonstrate subtle alterations in pancreatic 
structure that escape traditional imaging and 
laboratory tests of pancreatic function. The 
sensitivity of EUS may be further heightened by 
limiting the core criteria required to diagnose CP.  
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In EUS studies of the pancreas, non-homogenous 
changes of parenchyma, particularly hyperechoic 
foci or strands, lobulation, calcifications, and 
cysts, and ductal alterations, including a 
hyperechoic wall, dilatation and/or tortuosity of the 
main duct, intraductal hyperechoic foci, and 
ectatic side branches are grounds for a diagnosis 
of CP (4, 21, 27, 28). The severity of CP (mild, 
moderate, severe) may also be gauged 
accordingly (21), although standardized 
diagnostic guidelines have yet to be adopted. 
 
The most frequently used classification was 
described by Wiersema et al. in 1993. There were 
9 pancreatic criteria: hyperechoic foci, 
hyperechoic strands, lobularity, cyst, calcification, 
main pancreatic duct dilatation, side branch 
dilatation, pancreatic duct irregularity and 
hyperechoic duct margins (38). In April 2007, a 
new classification was proposed as part of an 
international consensus meeting in Rosemont, 
Illinois. The new criteria gave a different value, 
establishing major and minor criteria depending 
on the features found (5, 29). The Rosemont 
major criteria are: hyperecoic foci with shadowing 
and main pancreatic duct calculi (Major A) and 
lobularity with honeycombing (Major B). Minor 
criteria included cysts, dilated ducts ≥ 3.5 mm, 
irregular pancreatic duct contour, dilated side 
branches ≥ 1 mm, hyperechoic duct wall, strands, 
nonshadowing hyperechoic foci, and lobularity 
with noncontiguous lobules.These criteria are 
used to define 4 groups of patients normal 
pancreas, indeterminate, suggestive and 

consistent with CP (5). EUS diagnosis of CP on 
the basis of Rosemont criteria is shown in Table 
2. In the study of Jimeno-Ayllón et al (24), they 
used Wiersema criteria and Rosemont 
classification in diagnosis of CP. The conclusion 
is: the new classification would be useful in 
patients with high suspicion of chronic pancreatitis 
with < 4 standard criteria but with more 
significance such as parenchymal lithiasis, 
lobularity or ductal calcifications. 
 
EUS provides high-resolution imaging of the 
entire pancreas, enabling detailed parenchymal 
and ductal assessment. Normally, the 
parenchyma is homogeneous, with a finely 
reticular pattern, and the main duct has a smooth 
wall that is not dilated or hyperechoic. As a rule, 
the diameter of pancreatic duct is < 3 mm in at the 
head, < 2 mm at the neck, and < 1 mm at the tail; 
and side branches are not visible (21, 28). 
Allowing for anatomic variants that do occur, 
ventral pancreas may be more hypoechoic and 
heterogeneous than dorsal pancreas (Figure 1-
3). 
 
Determining whether hypoechoic and cystic 
lesions are inflammatory or neoplastic is still 
difficult (23) via conventional B-mode EUS 
imaging, but interpretation is aided significantly by 
fine needle aspiration (FNA) (1). Pancreatic 
neoplasms may coexist as complications of 
chronic pancreatitis (2), and cysts or inflammation 
may result from neoplastic obstruction of 
pancreatic duct.  



3 
 

Figure 1. Chronic pancreatitis (Case 1). A 45-year-old male presented with chronic pancreatitis for 5 years. 
EUS showed heterogeneous echo pattern in the body (A) and neck (B) of pancreas: hyperechoic foci (dots); 
hyperechoic strands (linear); lobulation (pancreatic parenchyma is lobulated by linear hyperechos); irregular 
hypoechoic areas. Multiple FNA results were negative (with no signs of malignancy). 
 

 
Figure 2. Chronic pancreatitis (Case 2). A 37-year-old male presented with cholecystolithiasis and recurrent 
pancreatitis for 5 years. (A) Radial EUS showed that the main pancreatic duct in the neck of pancreas was dilated 
(6mm). (B) EUS showed that the main pancreatic duct in the head of pancreas was dilated, while the main 
pancreatic duct near the ampulla wasn’t dilated. No tumor was found in the pancreatic head, and with combination 
of other clinical data, this lesion was finally diagnosed as chronic pancreatitis. 

 

Figure 3. Chronic pancreatitis (Case 3). A 42-year- old male presented with cholecystolithiasis and chronic 
pancreatitis for 3 years. EUS showed that the parenchyma was displayed as heterogeneous, hyperechoic change 
in the head (A) and body (B) of pancreas, representing fibrosis. 
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In this context, the accuracy of EUS-guided FNA 
is quite high, demonstrating a sensitivity of 80-
85% and a specificity near 100% (10, 34). 
However, this technique is technically demanding, 
often necessitating multiple passes to obtain 
tissue sufficient for a diagnosis (3, 11).  
 
Furthermore, cytohistologic preparations may be 
falsely negative (despite repeated samplings), 
especially in patients with advanced chronic 
pancreatitis who develop solid masses (37). 
 
Differentiating ductal adenocarcinoma from mass 
lesions of pancreatitis may be improved by 
spectral Doppler analysis, owing to the curious 
absence of venules in adenocarcinomas 
(arterioles only seen). Venules typically are not a 
prominent component of tumors, possibly due to 
the accompanying desmoplasia. On the other 
hand, both arterioles and venules of inflammatory 
lesions are usually detectable by Doppler (17, 32). 
 
New techniques also have emerged to address 
this issue, namely contrast-enhanced EUS (CE-
EUS) and EUS elastography (3, 31). CE-EUS is a 
novel approach where the usual high-resolution of 
ultrasound is intensified by contrast agents (8). 
CE-EUS may help to recognize and delineate 
necrotizing foci of acute pancreatitis, which 
ordinarily are not enhanced at a very early stage 
(31). The lack of nephrotoxicity shown by these 
agents is of particular importance, because most 
patients who are severely ill with pancreatitis also 
develop renal failure. In such instances, CT 
contrast enhancement is contraindicated. 
Interestingly, uptake of contrast focally in 
pancreatitis (7) or diffusely in autoimmune 
pancreatitis (16) is often similar to or better than 
that of normal pancreatic parenchyma. This 
feature may be useful in differentiating ductal 
adenocarcinoma. 
 
Elastography is a method for assessing tissue 
rigidity in real time. Currently, elastographic 
evaluations of the gastrointestinal tract are done 
in conjunction with conventional EUS. The EUS 

probe is equipped with a processor and software 
that generate real-time elastographic data. Unlike 
first-generation technology, which is limited to 
qualitative estimates, today’s second generation 
tools allow quantitative analysis of tissue rigidity 
(9, 12, 13, 15, 19, 22, 25). 
 
In qualitative elastography, compression-induced 
structural deformation is quantified in B-mode 
images, using the degree of deformation as an 
index of tissue rigidity (12, 13). As shown by 
Iglesias-Garcia et al (20), qualitative elastography 
of patients with CP proved to be irregularly 
colored, exhibiting green areas with 
predominantly blue heterogeneous strands. 
Analogous findings clearly differed in control 
subjects (with no pancreatic disease), where 
predominantly green and yellow homogeneous 
patterns were observed.  
 
For quantitative elastography, there are two 
alternatives: the hue histogram and the calculated 
strain ratio. A hue histogram is a graphic 
representation of color distribution (hues) in a 
selected image field and is derived from 
qualitative EUS elastography data for a manually 
selected ROI within a standard elastographic 
image. The calculated strain ratio attempts to 
offset the comparative nature of qualitative 
elastographic patterns by analyzing the 
elastographic image of a target lesion relative to 
surrounding tissues (15, 18, 19, 22). Similar to a 
hue histogram, the strain ratio is calculated from 
standard qualitative EUS elastographic data, 
selecting two differing areas (A and B) for 
quantitative analysis. Area A encompasses as 
much of the target lesion as possible, excluding 
adjacent tissues, whereas area B is from a soft 
(red) reference area extraneous to the target 
lesion and preferably in the gut wall. The strain 
ratio is the quotient of B/A (19). Strain ratios of 
Rosemont categories are marked by significant 
statistical differences as follows: 1.80 (95% CI: 
1.73-1.80), normal pancreas; 2.40 (95% CI: 2.21-
2.56), indeterminate of CP; 2.85 (95% CI: 2.69-
3.02), suggestive of CP; and 3.62 (95%CI: 3.24-
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3.99), consistent with CP (P<0.001) (Figure 4). In 
the study by Dominguez-Muñoz’ et al (9), strain 
ratio was used to predict pancreatic exocrine 
insufficiency (PEI) in patients with chronic 

pancreatitis. The conclusion was the degree of 
pancreatic fibrosis as measured by EUS-guided 
elastography allows quantification of the 
probability of PEI in patients with CP. 

 

 
Figure 4. Quantitative EUS elastography based on strain ratio analysis of a solid pancreatic mass (pancreatic 
adenocarcinoma). We selected area A to represent pancreatic parenchyma, and area B to correspond to a 
soft area from the gut wall. The B/A ratio is displayed at the bottom of the image. 
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