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Introduction 

Endoscopic ultrasound (EUS) represents one of 
the major advances in gastrointestinal endoscopy in 
the past 10 years. Originally designed to image mass 
lesions in the esophagus and stomach, the technique 
has been increasingly applied to a wide range of 
gastrointestinal disorders. Since the pancreas lies in 
such close proximity to the stomach and duodenum, 
imaging of the pancreas has become particularly 
successful. 

EUS imaging of the upper gastrointestinal tract 
has become possible with the development of small 
ultrasound probes that can be placed in the esopha- 
gus and stomach. Most commonly, EUS probes are 
located on the tips ofendoscopes, and imaging of the 
pancreas is possible from locations in the duodenum 
and stomach. The frequency of the ultrasound waves 
emitted and received by an ultrasound probe deter- 
mines the depth of penetration and resolution; high- 
frequency waves produce high-resolution images 
with a shallow tissue penetration and low-frequency 
waves result in lower-resolution images. For optimal 
imaging of the pancreatic-biliary system, midrange 

*Address to which all correspondence and reprint requests 
should be sent: William R. Brugge, 127 Bulfinch Building, 
GI Unit, Massachusetts General Hospital, Boston, MA 02114. 
E-mail: Brugge.William@mgh.harvard.edu 

frequencies are often used, usually 5-7.5 MHz. At 
these frequencies, structures within approx 7 cm of 
the stomach and duodenum are well seen, including 
the entire pancreas, the branches of the portal venous 
system, and the extrahepatic biliary system. Higher- 
frequency imaging provides high-resolution imag- 
ing of the structures, such as the ampulla of Vater, 
that are within 1-2 cm of the probe. 

There are two basic designs for endosonoscopes, 
radial imaging (GIF UM-20 Olympus, Inc., Lake 
Success, NY) and curved linear array imaging 
(FG32UA, Pentax, Inc., Orangeburg, NY). The 
Olympus radial instrument operates at 12 and 7.5 
MHz. The Pentax unit operates at 5 and 7.5 MHz with 
the capability of using color Doppler and pulse Dop- 
pler ultrasound with the Hitachi ultrasound console 
(1). The curved linear array design also makes it 
possible to direct needle aspiration biopsies, an im- 
portant feature for the management of patients with 
pancreatic masses. 

Optimal EUS imaging of the pancreas and its as- 
sociated structures is dependent on the placement of 
the EUS probe in close proximity to the area of inter- 
est. Pancreatic head lesions are best seen from the 
first and second portions of the duodenum; body le- 
sions are best seen from the stomach; and tail lesions 
can be optimally imaged from the fundus of the stom- 
ach. Although technically there are few difficulties 
in optimal probe placement in the stomach and 
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duodenum, the interpretation of images representing 
the retroperitonium requires considerable experience. 

EUS has been used to provide detailed imaging of 
benign and malignant diseases of the pancreas. Past 
studies have concentrated on the ability of EUS to 
detect malignant masses, and more recently, EUS 
has been used to stage and biopsy malignant and 
premalignant disorders of the pancreas. 

Malignant Diseases 

The EUS features of pancreatic adenocarcinoma 
have been well defined (1-3). The irregular, hypo- 
echoic masses are easily identified within the homog- 
enous parenchyma of the pancreas (Fig. 1). EUS is 
capable of providing detailed imaging of the interi- 
ors, borders, and location of the masses. The interiors 
of the masses are often heterogeneous and contain 
hypoechoic, somewhat cystic regions of the tumor 
that probably reflect central necrosis. The main pan- 
creatic duct is often dilated as a result of compression 
and obstruction by the infiltrating mass, which usu- 
ally involves the main pancreatic duct. The external 
borders of a malignant mass are often irregular, par- 
ticularly in the pancreatic parenchyma, where the 
infiltrative nature of the masses is readily appreci- 
ated. Although the borders are irregular, the distinc- 
tion between malignant and nonmalignant pancreatic 
tissue can be easily made. Small masses, <3 cm in 
diameter, are usually found in the head of the pan- 
creas, surrounding the distal intrapancreatic com- 
mon bile duct. Most pancreatic head masses are 
within close proximity of the duodenum and are 
easily imaged with EUS. The location of early 
malignancies as seen by EUS may be a reflection of 
their clinical presentation, biliary obstruction, 
rather than a reflection of where pancreatic malig- 
nancies originate. Larger masses, >3 cm in diameter, 
have often invaded out of the pancreas and extended 
posteriorly toward the branches of the portal venous 
system or superiorly along the bile duct and the 
duodenum. 

The ability of EUS to detect pancreatic adeno- 
carcinoma has been compared to several other imag- 
ing tests, including US, CT, MRI, and ERCP (4-6). 
Not surprisingly, EUS is much more sensitive 
than traditional transabdominal ultrasonography in 
detecting pancreatic masses, particularly early, 
intrapancreatic masses. The reasons for the supe- 

Fig. 1. Large irregular hypoechoic mass in the head of 
the pancreas invading one wall of the portal vein (PV). At 
surgery, the patient was found to have unresectable 
adenocarcinoma. 

rior imaging with EUS include the lack of bowel gas 
between the pancreas and the probe, the ability to use 
high-frequency ultrasound, and the close proximity 
between the probe and the pancreas. Although EUS 
has not been compared to spiral CT scanning, EUS 
has been shown to be more sensitive and more spe- 
cific than traditional dynamic CT scanning (2, 7,8). 
EUS is particularly effective at detecting small (<2 cm) 
intrapancreatic masses that have not deformed the 
contour of the gland, a finding that is often used for 
making the diagnosis of a pancreatic mass with CT 
scanning. 

The use of MRI in the diagnosis of pancreatic 
cancer has been studied and compared to EUS in 
several studies. In general, MRI has not demonstrated 
good sensitivity for the detection of small pancreatic 
masses. Recently, in a direct comparison among 
MRI, CT, and EUS, MRI was found to be less sensi- 
tive than EUS (93 vs 67%) for detecting a malignant 
pancreatic mass (7). Both imaging modalities, how- 
ever, were 100% specific for predicting the presence 
of a malignant pancreatic mass. 

Traditionally, ERCP has been the most sensitive 
test for pancreatic cancer. Although EUS may be 
more of a complementary test, there have been trials 
comparing the ability of EUS and ERCP at detecting 
and diagnosing pancreatic cancer (4). In a compari- 
son of EUS, ERCP, CT, and US, R6sch found that 
EUS had a sensitivity of 99% in detecting pancreatic 
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cancer in 132 patients with suspected pancreatic 
cancer. All other imaging tests had lower sensi- 
tivities: US (67%), CT (77%), and ERCP (90%). 
However, EUS was accurate in differentiating 
between pancreatitis and malignancy in only 76% of 
patients. The use of EUS in diagnosing pancreatic 
cancer has two advantages, lack of invasiveness and 
the ability of EUS to stage and localize the mass. The 
major advantage of ERCP is its ability to provide 
therapeutic biliary drainage at the time of the diag- 
nostic testing. 

The specificity of EUS imaging of malignant pan- 
creatic lesions has not been as well studied as the 
sensitivity of EUS (9). The most common EUS find- 
ing in pancreatic cancer is a hypoechoic parenchy- 
mal mass. The differential diagnosis of this finding is 
early pancreatic cancer or focal pancreatitis. Despite 
many attempts to develop criteria that might differ- 
entiate between cancer and pancreatitis, there are no 
ultrasonographic findings that are specific for malig- 
nancy. Most of the prominent EUS features that are 
readily imaged in pancreatic cancer, such as the find- 
ing of an infiltrating hypoechoic mass, can also be 
seen in focal, acute, or chronic pancreatitis. Palazzo 
and coworkers reported in their series four false-posi- 
tive EUS imaging results in 64 patients with sus- 
pected pancreatic cancers (10). 

Staging of Pancreatic Cancer 

In contrast to the lack of diagnostic EUS criteria 
for pancreatic cancer, a wide range of staging criteria 
have been developed for pancreatic cancers. Many 
EUS staging criteria for pancreatic cancer use tumor 
staging systems (11). The TNM staging classifica- 
tion has been used to define whether a pancreatic 
mass is within the pancreas or has extended to adja- 
cent structures (12). T 1 masses, although rarely seen, 
are completely intrapancreatic and do not involve the 
intrapancreatic bile duct or duodenal wall. T2 masses 
are the most commonly encountered malignancy that 
can be surgically resected, and they may involve the 
distal common bile duct or the wall of the duodenum. 
The most common EUS finding that defines extra- 
pancreatic extension of malignancy is tumor inva- 
sion of the branches of the portal venous system. The 
main portal vein is the vein that is most commonly 
involved in pancreatic cancer and is easiest to define 
with EUS (Fig. 1). Body and tail masses often involve 

the splenic vein that courses in close proximity to the 
entire length of the pancreas (13). The superior me- 
senteric vein is the least accessible to EUS imag- 
ing and is technically more difficult to image than the 
portal vein (Fig. 2). The overall accuracy of EUS in 
correctly staging pancreatic masses was 92% in Tio 
et al.'s series of 43 patients with pancreatic cancer 
(12). Lymph node involvement was correctly pre- 
dicted in 91% of patients. 

There have been several large studies that have 
defined various EUS criteria for diagnosing malig- 
nant invasion of the branches of the portal venous 
system. In general, the highest accuracy rates for 
predicting malignant venous invasion have been 
achieved by using a combination ofultrasonographic 
criteria. Initially, Yasuda et al. used a combination of 
two ultrasound findings that represented tumor inva- 
sion of the wall of the portosplenic veins and com- 
pression of the venous lumen (14). Similarly, "close 
contact," "abnormal contour," and "loss of hyper- 
echoic interface" were three EUS criteria that were 
used by R6sch to achieve an accuracy rate of 94% 
(15). The highest accuracy rate for vascular staging 
by EUS was achieved by combining the findings of 
"venous collaterals," "tumor in lumen," and "loss of 
interface" in staging of pancreatic cancer (16). Re- 
cently, Nakaizumi has used a similar combination of 
criteria with an accuracy rate of 96% for predicting 
malignant venous invasion (8). Brugge et al. re- 
ported the use of four separate EUS criteria and found 
that the use of the finding "irregular venous wall" 
achieved the highest accuracy rate, 87%, for all 
branches of the portal venous system (17). 

If EUS is to have a major role in the staging of 
pancreatic cancer, it will be critical to compare its 
accuracy rate with those results obtained by mesen- 
teric angiography. There have been three prospec- 
tive comparison trials between EUS and angiography 
in the vascular staging of pancreatic cancers. In 
ROsch et al.'s trial, EUS was found to be twice as 
accurate as mesenteric angiography because of the 
ability of EUS to diagnose early invasion of the por- 
tal vein wall (15). In two other studies, the accuracy 
rates were similar with both modalities. Although 
Brugge et al. found EUS and angiography to have 
comparable accuracy (87 vs 85%) for predicting 
vascular invasion at surgery, EUS was particularly 
good for portal vein invasion, whereas angiography 
excelled at diagnosing superior mesenteric vein inva- 
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Fig. 2. Pancreatic mass (2 x 3cm) surrounding the 
superior mesenteric vein (SMV) and invading one wall 
(arrows). The invasion of the SMV was confirmed at sur- 
gery and with angiography. 

sion (17). Mukai has also reported similar results with 
EUS, demonstrating vascular invasion accurately in 
77% as compared to 73% with angiography (18). 

Another strategy in the vascular staging of pan- 
creatic cancers is the use of duplex Doppler ultra- 
sonography (19). The Pentax endosonoscope has the 
capability of providing pulse and color Doppler stud- 
ies of the portal and splenic veins. Abnormal pulsed 
Doppler tracings suggestive of encasement of the 
portal venous system have been reported to be pre- 
dictive ofunresectability. In addition, EUS may pro- 
vide convincing evidence of portosplenic venous 
thrombosis (20). This type of thrombosis may be 
associated with a pancreatic mass, chronic pan- 
creatitis, or tumorous invasion through the wall of 
the vein (21). 

Historically, nearly all studies of the ability of EUS 
to detect and stage pancreatic masses have been per- 
formed using radial imaging EUS instruments. 
Recently, linear array instruments have been used 
and offer the advantage of being capable of directing 
needle aspiration biopsies of the pancreas. Radial 
imaging provides images of the retroperitoneum in 
cross-sectional orientation, similar to CT scanning. 
Linear array imaging is oriented along a 100 ~ sagittal 
section, parallel to the long axis of the endoscope. In 
comparison with radial imaging, linear imaging is 
more difficult to learn and interpret. However, acom- 

parison between the staging abilities of these two 
types of EUS imaging modalities has demonstrated 
similar sensitivities, specificities, and accuracy rates 
for staging pancreatic cancer (22). 

The design of linear array EUS instruments affords 
the possibility of ultrasonography-guided needle 
aspiration biopsies. A 23-gage stainless-steel needle 
with a beveled stylet has been designed fbr the 
Pentax endosonoscope (23,24). Pancreatic masses 
are biopsied by passing the needle through the wall 
of the stomach or duodenum and into the adjacent 
pancreatic tissue (Fig. 3). Once in the mass, the styler 
is removed, and tissue is aspirated from the periph- 
ery of the mass and adjacent nodes. EUS-directed 
needle aspiration biopsies of pancreatic masses have 
recently been described in several series in which 
the authors have collected their overall experience 
with this new technique. In two separate reports, 
Wiersema et al. and Cheng et al. in the US have 
reported their experience with a total of 16 patients 
with pancreatic lesions who had successful needle 
aspiration biopsies (25,26). Overall, the sensitivity 
was 91% in making a diagnosis of malignant disease. 
More recently, Giovannini et al. have described 
their 3-yr experience in needle aspiration biopsy, 
including 43 patients with pancreatic tumors (27). 
Although there were no false-positive results with 
needle aspiration biopsies of the pancreas, in 9 of the 
43 patients, they could not obtain adequate tissue to 
make a tissue diagnosis of pancreatic malignancy. 
Peripancreatic lymph node biopsies were technically 
easier and the quality of the tissue superior. Liver 
metastases from pancreatic primaries can also be 
biopsied with EUS-guided needles using a trans- 
gastric approach. Malignant ascites have also been 
diagnosed by transgastric needle aspiration (28). 
There have been a couple of reports of radial imaging 
endosonoscopes that have guided a needle aspiration 
biopsy of the pancreas (29). Unfortunately, radial 
EUS imaging does not provide complete imaging of 
the course of the needle into the pancreas. 

Wiersema et al. have recently reported that the use 
of EUS can reduce the cost of managing patients with 
pancreatic cancer by reducing the number of patients 
undergoing unnecessary attempted resections and 
providing pathologic proof of a malignancy with 
needle aspiration biopsies (30). Although there have 
been no head-to-head comparisons between CT- and 
EUS-guided aspiration biopsies of the pancreas, EUS 
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Fig. 3. EUS-directed needle biopsy of a pancreatic mass 
(M) surrounding the distal common bile duct. The distal 
common bile duct contains a stent that appears as two 
white lines. 

might offer two advantages. Most importantly, EUS- 
directed biopsies are not complicated by the risk of 
peritoneal tumor seeding. Second, the placement of 
an aspiration needle into a small intrapancreatic mass 
should be more accurate with EUS imaging because 
of the high resolution of the EUS imaging. 

The first step in therapeutic EUS has been taken 
with the demonstration of celiac ganglion neuroly- 
sis (31). Wiersema has reported his experience with 
this technique in patients with pancreatic cancer and 
has found the celiac ganglion injections produce sig- 
nificant reductions in pain from malignancy. He has 
used a combination of ethanol and bupivacaine in 
the injectant to provide immediate relief as well as 
long-lasting analgesic by interrupting afferent trans- 
mission in the sympathetics. The most common 
complications of the procedure were diarrhea and 
transient hypotension, probably a transient result of 
sympathetic blockade. The pain relief has been 
reported to be sustained over at least a 2-mo period. 
There have been no trials comparing EUS- and CT- 
directed celiac neurolysis. 

Cystic Lesions of the Pancreas 

EUS is particularly good at providing detailed 
imaging of cystic lesions of the pancreas (Fig. 4). 
Ultrasound imaging is not only very sensitive for 
detecting cystic lesions, but it can also examine the 
wall structure and details of the interior of the cysts. 
Pseudocysts appear as unilocular or multilocular 

Fig. 4. A 3-cm thin-walled intrapancreatic pseudocyst 
in the head of the pancreas associated with chronic pan- 
creatitis. A small amount of debris is seen along one wall. 

fluid-filled structures with either thin or thick walls. 
Small pseudocysts, particularly intrapancreatic ones, 
can be easily examined in detail. EUS can determine 
the location of a pseudocyst in relationship to the 
wall of the duodenum or stomach, while also deter- 
mining the thickness of the wall. These factors as 
well as whether a pseudocyst is simple or complex 
can help determine the best approach to drainage 
(32). Large pseudocysts are more difficult for EUS to 
assess since the entire border of the pseudocyst can- 
not be examined and its relationship to the upper GI 
tract may be difficult to describe. However, ifa por- 
tion of the pseudocyst can be localized in relation- 
ship to the stomach, EUS can determine the thickness 
of the cyst-gastrostomy wall, and whether there are 
vascular structures in close proximity to a potential 
puncture and drainage site. 

EUS-assisted drainage &pancreatic pseudocysts 
will become an important tool in the near future. 
Since EUS can provide detailed information regard- 
ing the size, location, and configuration of the 
pseudocyst, it is likely that these characteristics will 
be used by endoscopists to select patients who will 
readily respond to endoscopic drainage. For example, 
small, unilocular cysts that are directly adjacent to 
the stomach might be amenable to a one-step endo- 
scopic drainage under direct EUS imaging (33). 
Large, complex pseudocysts containing internal 
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debris might be better managed with surgery or radio- 
logic drainage. Binmoeller et al. recently reported a 
large experience of endoscopic drainage of pseudo- 
cysts (34). EUS was not only used to localize and 
measure the wall thickness, but in some cases, they 
reported using the Pentax endosonoscope with the 
directed needle aspirator to eliminate the pseudocyst. 
In the future, large channel endosonoscopes will 
allow the direct placement of large-diameter stents 
and drains into pancreatic pseudocysts. 

Cystic Neoplasms 

Mucinous-secreting tumors of the pancreas and 
mucinous ductal ectasia (MDE) may be confused 
with pseudocysts because they have a similar clinical 
presentation and CT/US scanning may not be able to 
differentiate readily between the two. The EUS im- 
aging of cystic neoplasms has not been reported in 
detail. Mucinous cyst adenomas often appear as com- 
plex cystic masses characterized by thick walls and 
irregular septations. There may also be solid compo- 
nents to the mass and calcifications in the wall (35). 
EUS can usually differentiate between cystadenoma- 
carcinoma and MDE. The cystic masses in MDE are 
usually small, thin-walled, and without septations 
(Fig. 5). Although the cystic lesions in MDE are not 
true cysts, but rather dilated secondary ducts, occa- 
sionally the "cysts" grow to large diameters (36). 
Another important feature of MDE that is apparent 
on EUS is the presence of a dilated pancreatic duct 
that may contain intraductal mucin. The pancreatic 
parenchyma may be normal or atrophic, but should 
not be calcified or fibrotic. Since MDE is a premalig- 
nant lesion, EUS can also be used to look for focal 
masses that might represent a neoplasm. 

Serous cystadenomas may have a characteristic 
appearance on EUS imaging (Fig. 6). The cystic 
masses usually appear as a collection of small, thin- 
walled cysts that contain fluid without debris. Serous 
cystadenomas are not associated with masses or 
abnormalities of the pancreatic ducts, although there 
may be central stellate calcifications. Although EUS 
has been reported to have a diagnostic accuracy rate 
of 84% for cystadenomas, EUS was only marginally 
better than CT in differentiating between serous and 
mucinous cystadenomas (37,38). EUS-direeted cyst 
aspiration and fluid analysis have also been used to 
differentiate between serous and mucinous cyst- 

Fig. 5. A solitary pancreatic cyst (arrows) associated 
with mucinous ductal ectasia. Note the lack of a cyst wall. 
A dilated main pancreatic duct is seen behind the cyst. The 
pancreatic parenchyma is finely textured without evidence 
of fibrosis, fat, or calcifications. 

adenomas, as well as pseudocysts. The fluid in serous 
cystadenomas is characterized by a low concentra- 
tion of CEA, CA 19-9, and absence ofmucins. In con- 
trast, the mucinous cystadenoma carcinomas are 
characterized by high concentrations of CEA and 
mucins. EUS angiography, a new technique for assess- 
ing the vascularity of pancreatic masses, has been used 
to document vascularity of serous cystadenomas (39). 

Islet Cell Tumors 

Islet cell tumors, particularly insulinomas, can be 
well defined by EUS (Fig. 7). These small, often 
solitary masses appear as round, slightly hypoechoic 
masses within the pancreatic parenchyma (40). In 
contrast to adenocarcinomas, islet cell malignancies 
often have sharp, round borders and a homogenous 
texture. Occasionally, the small masses may be pe- 
dunculated and lie outside of the pancreas. The entire 
pancreas, from the uncinate process to the tail, must 
be carefully examined when evaluating a patient with 
a suspected islet cell malignancy, since the masses may 
be located anywhere in the gland. Fortunately, most 
islet cell tumors are unifocal and rarely metastasize. 

The ability of EUS to detect and localize islet cell 
tumors has been well defined in several studies. In 
R6sch et al.'s series, the ability of EUS to localize 
39 tumors (31 insulinomas, 7 gastrinomas, 1 glucago- 
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Fig. 6. An 8-mm thin-walled cystadenoma in the neck 
of the pancreas with the splenic vein (SV) behind the pan- 
creas. Note the fine septations and hypoechoic interior, 
characteristic of a serous cystadenoma. 

noma) in 37 patients who had nondiagnostic CT/US 
imaging was determined (41). EUS localized 32 of 
the 39 tumors (82%) with a good correlation between 
EUS predicted size and surgical findings (0.5-2.5 
cm diameter). Not only was CTAJS not helpful in this 
series of patients, but angiography was also rather 
insensitive with a sensitivity rate of only 27%. The 
specificity for EUS in this series of patients, 95%, 
was calculated from those patients who ultimately 
were found not to have a tumor at surgery. 

A compilation of recent studies of islet cell tumors 
revealed an accuracy rate of 89% for EUS (42). More 
recently, Zimmer et al. have compared the ability of 
EUS to localize neuroendocrine tumors with several 
advanced imaging techniques, including somatosta- 
tin receptor scintigraphy, CT, and MR/(43). EUS 
had the greatest sensitivity for tumor detection, 88%, 
and was twice as sensitive as other technique for small 
(<2 cm) masses. EUS appeared to be capable of 
detecting small neuroendocrine masses whether they 
were intra- or extrapancreatic. 

EUS has also been used to detect gastrinomas. 
Since more than 80% of gastrinomas lie within the 
"gastrinoma triangle," EUS should be the ideal imag- 
ing technique. Ultrasonographically, gastrinomas are 
similar in appearance to islet cell tumors and can be 
localized within the pancreatic parenchyma (44). In 
a recent prospective comparison of EUS, CT, and 
angiography in 22 patients with surgically proven 

- , o 0 o  

Fig. 7. A 9-ram round hypoechoic, but solid mass 
(between white arrows) in the neck of the pancreas adja- 
cent to the splenic vein (SV). This nonfunctioning islet 
cell tumor was found incidently with ultrasound and was 
resected. 

gastrinomas, EUS was found to provide the correct 
localization in 41% of patients. When EUS was used 
in conjunction with endoscopy, the accuracy rate of 
EUS was 60%. The sensitivity of EUS was 50% for 
detecting duodenal gastrinomas and 75% for pancre- 
atic gastrinomas. EUS diagnosed involved lymph 
nodes in 62.5%, compared to 0% with CT scanning 
(45). EUS can also be used to localize gastrinomas in 
patients with normal serum gastrins (46). 

Chronic Pancreatitis 
EUS imaging of chronic pancreatitis often reveals 

a large number of changes in the pancreas (Fig. 8). 
The detailed imaging of the entire pancreas may 
demonstrate focal or diffuse changes in the paren- 
chyma, ducts, or the presence of intrapancreatic 
pseudocysts. Early changes in the parenchyma con- 
sist of focal areas of increased and/or decreased 
echo texture of the gland. In more advanced cases, 
there will be calcifications, lobulations, and bands of 
fibrosis. 

The development of diagnostic EUS criteria for 
chronic pancreatitis has been hampered by the lack 
of an acceptable "gold standard" for the diagnosis of 
chronic pancreatitis. Since good histologic examina- 
tions of the pancreas are difficult to obtain, clinicians 
have been forced to use pancreatography or pancre- 
atic function tests as the basis for the diagnosis of 
chronic pancreatitis. The specificity and reliability 
of early ductal changes in pancreatography, when 
used in making the diagnosis of chronic pancreatitis, 
have been questioned. Pancreatic function tests may 
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pancreatitis. EUS can localize and characterize 
pseudocysts in detail, and this may be important in 
cases where cyst aspiration or drainage is planned. 
Small thin-walled cysts without debris or blood in 
the fluid are ideal for EUS-guided aspirations or drain- 
age. Some intrapancreatic cysts can be traced back to 
a large duct or areas of ductal obstruction, and may 
enlarge with secretin stimulation. Infected pseudo- 
cysts or fluid collections can also be diagnosed by 
sending the aspirated fluid for culture. 

Fig. 8. A thin, fibrotic pancreas associated with a dilated 
main pancreatic duct (PD). The finding ofa heterogenous 
hyperechoic parenchyma is strongly suggestive of chronic 
pancreatitis. 

also be unreliable for making the diagnosis of  chronic 
pancreatitis with false-positive and false-negative 
results. Several criteria are used to diagnose chronic 
pancreatitis by EUS. Most of  the individual criteria 
are not specific enough to make the diagnosis of  
chronic pancreatitis, and Wiersema et al. have pro- 
posed the use of  at least three to make the diagnosis 
of  chronic pancreatitis (47). The following ductal 
changes areseen in chronic pancreatitis: narrowing, 
dilation, contour changes, duct wall echogenicity, 
calculi,  and side branch dilation. Parenchyma 
changes include: changes in gland size, focal decreases 
in parenchymal echogenicity, presence of echogenic 
foci, cysts, and accentuation of lobular pattern (47). 
Using these finding in chronic pancreatitis, EUS may 
be a very sensitive test (48,49). 

These findings in the parenchyma and ducts have 
varying predictive values. The finding of pancreatic 
calcifications with EUS was 100% predictive for the 
diagnosis of  chronic pancreatitis. Changes in the 
pancreatic ducts were predictive of chronic pancre- 
atitis in approx 80% of cases. The findings of an 
accentuation of the lobular pattern had the lowest 
positive predictive rate, 66%. However, differentiat- 
ing between benign and malignant pancreatitic duct 
strictures remains problematic (50). 

Since EUS is extremely sensitive for the presence 
of  pancreatic cysts and fluid collections, it is very 
likely that EUS will become the test of  choice for 
demonstrating cystic changes in chronic pancreatitis 
(51, 52). However, there has been no direct compari- 
son with US, CT, and ERCP in patients with chronic 
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