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ABSTRACT 
 
Context The diagnosis of chronic pancreatitis 
in early stages remains challenging and 
agreement between various methods is poor. 
Alcohol consumption is the most important 
cause of chronic pancreatitis. 
 
Objective The aim of this study was to 
evaluate the endosonographic evidence of 
pancreatic disease in patients with alcohol 
abuse. 
 
Setting Consecutive patients referred for 
endoscopic ultrasonography for various 
indications between May 2001 and December 
2003. 
 
Patients Two hundred twenty-eight patients 
were enrolled in the study. One hundred 89 
patients were studied; 39 (17.1%) were 
excluded because the pancreas could not be 
completely assessed (n=23) or because a 
previous diagnosis of chronic pancreatitis 
and/or pancreatic neoplasm was suspected 
(n=16). 
 
Design Prospective study. The patients were 
divided into 2 groups: alcoholics (n=17) and 
non-alcoholics (n=172). 
 
Main outcome measure The assessment of 
pancreatic disease according to parenchymal 
and ductal changes as previously described by 

Catalano and Sahai (scores 1 and 2, 
respectively). 
 
Results The male:female ratio was 7.5 and 
0.9 in the alcoholic and the non-alcoholic 
groups, respectively (P=0.002). Mean ages 
were 53.0 and 47.8 years, respectively 
(P=0.156). Alcoholic patients had significant-
ly (P<0.001) more endosonographic abnorm-
alities than non-alcoholics for both scores. A 
ROC curve comparison between patients and 
controls showed that the best specificity and 
sensitivity combination was obtained for the 
number of EUS features greater than 1 and 2 
for the scores 1 and 2, respectively. 
 
Conclusion Alcoholic patients had 
significantly more endosonographic ab-
normalities reflecting possible early changes 
of chronic pancreatitis. By using reported 
scores, values up to 1 or 2 can be seen in 
patients with no risk for pancreatitis, 
suggesting that chronic pancreatitis should be 
considered only for scores equal to or greater 
than 2 or 3 for scores 1 and 2, respectively. 
 
 
INTRODUCTION 
 
Chronic pancreatitis (CP) has been defined as 
an inflammatory disease of the pancreas 
characterized by irreversible morphological 
(parenchymal and ductal) changes causing 
loss of both endocrine and exocrine functions 
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[1, 2]. Alcohol consumption (80-150 g/day) is 
related to 60-80% of cases and patients 
usually have a long history of abuse (6-12 
years) [1, 2, 3, 4, 5]. 
The diagnosis of CP is based on clinical 
features, morphologic changes and functional 
abnormalities. In the early stages of the 
disease, the diagnosis remains challenging 
and agreement between various methods is 
poor [1, 6, 7, 8]. 
Many diagnostic tests have been proposed to 
assess pancreatic functional status and 
anatomic changes. Functional tests probably 
miss the diagnosis in the early stages because 
of exocrine pancreas functional reserve. 
Imaging studies, such as computed 
tomography (CT) and abdominal ultrasono-
graphy (US), also have poor resolution, 
especially in the initial stages. Endoscopic 
retrograde cholangiopancreatography (ERCP) 
is still considered the most accurate method of 
assessing ductal anatomy [1, 2]. However, 
parenchymal abnormalities can be missed and 
post-procedure acute pancreatitis may occur 
in 5-10% of patients [9, 10]. Although these 
exams may be good indicators in the 
advanced stages, the same is not true in early-
stage disease. Therefore, a method able to 
assess the early stages of both parenchymal 
and ductal irregularities with minimal risk 
would be of great value. Endoscopic 
ultrasonography (EUS) generates high 
resolution images of parenchymal and ductal 
structures without the use of contrast without 
risk of post-procedure pancreatitis and 
minimal risk of sedation. EUS can also be 
used to obtain pancreatic tissue and juice 
samples [1, 2, 8, 11, 12, 13]. 

We designed this study with the aim of 
evaluating the endosonographic evidence of 
early pancreatic disease in patients with a 
history of alcohol abuse. 
 
PATIENTS AND METHODS 
 
Between May 2001 and December 2003, in 
our institution, all consecutive patients 
(n=228) referred for EUS, for various non-
pancreatic indications were prospectively 
studied to assess pancreatic parenchymal and 
ductal characteristics. 
Initially, EUS patients responded to a 
questionnaire conducted by an endoscopy 
fellowship holder. They were privately asked 
about alcohol consumption and their medical 
history. Alcohol consumption was quantified 
in grams per day. The duration of alcohol 
abuse was also recorded. Although laboratory 
records were not available, every patient was 
asked about any suspicion of pancreatic 
disease or abnormal results of important 
blood tests. 
Thirty-nine patients, out of the 228 patients 
(17.1%), were excluded. In 23 cases, the 
pancreas could not be entirely assessed (e.g. 
previous gastrointestinal surgery, stenotic 
esophageal neoplasms). Among the remaining 
205 patients, 16 presented with a suspicious 
or a previous diagnosis of CP and/or 
pancreatic neoplasm. Therefore, the data 
presented here refer to the 189 cases (82.9%) 
without previous known pancreatic disease 
who underwent a complete pancreatic 
examination and. The indications for EUS are 
summarized in Table 1. 
The patients were classified into 2 groups: 
alcoholics and non-alcoholics. A cut-off of 80 
g/day for more than 5 years was established 
as found in the previous literature [1, 3, 4, 5]. 
The endosonographer performing the 
examination was blinded to all these answers. 
EUS was performed by an experienced 
endosonographer (JCA) using a linear array 
Pentax echoendoscope with a frequency of 
7.5 MHz. Pancreatic examination was 
considered complete if the head (from the 
duodenum), body and tail (from the stomach) 
could be evaluated. Specific parenchymal and 
ductal criteria were observed during EUS 

Table 1. Clinical indications for EUS. 
Indication No. of cases (%) 
Obstructive jaundice 85 (45.0%) 
Upper GI submucosal tumors 30 (15.9%) 
Portal hypertension 26 (13.7%) 
Microlithiasis 23 (12.2%) 
Gastric neoplasm 12 (6.3%) 
Esophageal neoplasm 8 (4.2%) 
Choledochal lithiasis 3 (1.6%) 
Other neoplasms 2 (1.1%) 
Total 189 (100%) 
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examinations. We used both the criteria 
described by Catalano et al. [6] and by Sahai 
et al. [7], which were first described by Lees 
[14] and refined by Wiersena et al. [13]. The 
ductal and parenchymal features described by 
Catalano et al. (score 1) include a duct 
diameter greater than 3 mm, tortuous 
pancreatic duct, intraductal echogenic foci, 
echogenic duct wall, side-branch ectasia, 
heterogeneous echo-pattern, reduced 
echogenic foci (1 to 3 mm), enhanced 
echogenic foci, prominent interlobular septae, 
lobular outer gland margin and large echo-
poor cavities (greater than 5 mm) [6]. The 
disease was classified as mild when 1 or 2 
criteria were present; moderate in the 
presence of 3 to 5 features; and severe when 
more than 5 criteria were found. The criteria 
defined by Sahai et al. (score 2) were 
hyperechoic foci, hyperechoic strands, 
lobulation, irregular duct margin, hyperechoic 
duct, visible side-branches, duct dilation, 
calcification and cysts [7]. A gold standard 
test for chronic pancreatitis to evaluate our 
EUS results does not yet exist. Imaging tests 
other than EUS have no role in the early 
stages of the disease and ERCP or pancreatic 
biopsy would not be ethically justified. 
 
STATISTICS 
 
Data are reported as mean±SD or median, 
quartiles and ranges. Statistical analyses were 
performed by using ANOVA, Mantel-
Haenszel liner by linear association, and 
Fisher’s exact test. We plotted a receiver 
operating characteristics (ROC) curve of the 
number of criteria in order to identify the best 
cut-off in order to differentiate between 
alcoholic and non-alcoholic patients. The best 
cut-off was chosen as the value which 
maximized the likelihood ratio (LR), 
computed by the following formula: LR = 
(probability of true positive + probability of 
true negative) / (probability of false positive + 
probability of false negative) [15]. A P value 
of less than 0.05 was considered statistically 
significant. All statistical analyses were 
carried-out by using the SPSS 12.0 package 
for Windows XP. 

ETHICS 
 
The study was approved by our Institution 
Ethics Committee. All patients were 
previously informed about the study and 
written informed consent was obtained. The 
study protocol conforms to the ethical 
guidelines of the "World Medical Association 
Declaration of Helsinki - Ethical Principles 
for Medical Research Involving Human 
Subjects" adopted by the 18th WMA General 
Assembly, Helsinki, Finland, June 1964, as 
revised in Tokyo 2004. 
 
RESULTS 
 
Out of the 189 patients studied, 17 (9.0%) had 
consumed more than 80 g of alcohol per day 
for over 5 years, and the mean alcohol 
consumption was 166 g/day. Mean alcohol 
consumption in the non-alcoholic group was 
3.5 g/day over 5 years. The male:female ratio 
was 7.5 (15 males and 2 females) and 0.9 (82 
males and 90 females) in the alcoholic and 
non-alcoholic groups, respectively (P=0.002). 
Mean ages were 53.0±15.0 years and 
47.8±9.1 years, respectively, without signific-
ant differences (P=0.165). 
Patients were referred for EUS examination 
for various indications, such as evaluation of 
microlithiasis, submucosal tumors, portal 
hypertension, staging of esophageal tumors, 
and treatment of gastric varices, among others 
(Table 1). 
Alcoholic patients had significantly more 
EUS abnormalities than non-alcoholics for 
both scores. In analyzing alcoholic versus 
non-alcoholic patients we encountered a 
higher mean number of criteria in the first 
group which reached statistical significance 
for both scores (Table 2; Figures 1 and 2). 
The two most common features shared by 
alcoholic and non-alcoholic patients accord-
ing to the Catalano score were heterogeneous 
echo-pattern and echogenic duct wall. 
Considering the Sahai score system for the 
alcoholic group, the most common features 
were hyperechoic foci and hyperechoic duct 
while the non-alcoholic group showed more 
hyperechoic foci and hyperechoic strands. 
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According to Catalano’s endosonographic 
classification of the severity of pancreatic 
disease which has previously been described, 
133 (77.3%) non-alcoholic patients had mild 
pancreatic abnormalities, 31 (18.0%) had 
moderate and 8 (4.7%) had severe. In the 
alcoholic group, 4 (23.5%) had mild 
pancreatic abnormalities, 6 (35.3%) had 
moderate and 7 (41.2%) had severe 
(P<0.001). 
Sahai et al. [7] found that the diagnosis of 
chronic pancreatitis can be made with an 85% 
certainty when more than 2 criteria are 
present, and moderate to severe forms when 
more than 6 features are seen. Seventy 
(12/17) percent of alcoholic patients and 

31.4% (54/172) of non-alcoholic patients had 
2 or more criteria using the Sahai score 
system (P=0.002), and 23.5% (4/17) vs 0.6% 
(1/172) had 6 or more features, respectively 
(P<0.001). Table 3 shows the results of our 
study. The receiver operating characteristics 
(ROC) curve comparing alcoholic and non-
alcoholic patients showed AUC values of 
0.826±0.057 and 0.798±0.061 for scores 1 
and 2, respectively. The best specificity and 
sensibility for score 1 (Catalano) were 
obtained for values equal to or greater than 2 
(LR=3.63) and, for score 2 (Sahai) for values 
equal to or greater than 3 (LR=2.79). For 
score 1, sensitivity was 88.2% and specificity 
68.6% while, for score 2, the values were 
64.7% and 82.6%, respectively. 
 
DISCUSSION 
 
Alcohol is the most common cause of CP, 
accounting for 60-80% of cases. Alcohol-
induced pancreatitis is most frequent in men, 
and has an incidence peak between 35 and 45 
years of age [1, 2]. The onset of symptoms is 
usually preceded by at least 5 years of alcohol 
consumption of 80 g/day or more [1, 2, 3, 4]. 

Table 2. Catalano et al. [6] and Sahai et al. [7] scores 
in patients with or without alcohol abuse. (Mean±SD) 
Alcohol abuse Catalano 

(score 1) 
Sahai 

(score 2) 
No 1.34±1.98 1.10±1.52 
Yes 4.59±2.72 3.71±2.37 
Estimated difference 
P value 

3.25±0.52 
P<0.001 

2.60± 0.41 
P<0.001 

 

Figure 1. Box-and-whisker plot showing the 
distribution of patients according to the number of 
endosonographic criteria of the Catalano et al. [6] 
classification system (score 1). Boxes represent the 
interquartile range (IQR: i.e., the middle 50% between 
the 2nd and 3rd quartiles); whiskers represent the 
minimum and the maximum value in the absence of 
outliers or extreme values. We have computed two 
outliers (open bullets) and one extreme value (asterix) 
in the non-alcoholic group. (Outliers were defined as 
values between 1.5 IQRs and 3 IQRs from the end of a 
box. Values more than 3 IQRs from the end of a box 
were defined as extreme). 

Figure 2. Box-and-whisker plot showing the 
distribution of patients according to the number of 
endosonographic criteria of the Sahai et al. [7] 
classification system (score 2). Boxes represent the 
interquartile range (IQR: i.e., the middle 50% between 
the 2nd and 3rd quartiles); whiskers represent the 
minimum and the maximum value in the absence of 
outliers. We have computed one outlier (open bullet) in 
the non-alcoholic group. (Outliers were defined as 
values between 1.5 IQRs and 3 IQRs from the end of a 
box. 
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Mortality rates approach 50% within 20-25 
years [1], and pancreatic cancer develops in 
approximately 4% of patients 20 years after 
diagnosis [16]. 
Diagnosing advanced disease is the real 
problem; the intriguing challenge is to find an 
inexpensive and minimally invasive method 
capable of making an early-stage diagnosis. 
Abdominal US and CT have several 
limitations due to poor resolution imaging, 
especially in the initial stages of CP. US is 
limited by the retroperitoneal location of the 
pancreas and gas interposition, with a 
reported sensitivity of 60 to 70% and a 
specificity of 80 to 90% [1, 5, 17, 18]. CT 
offers better visualization than US, although it 
has limited value in identifying initial 
parenchymal and, especially, ductal changes. 
It still has the radiation exposure problem and 
presents an overall sensitivity of 74 to 90% 
and a specificity of 85% [1, 5]. ERCP is the 
gold standard imaging procedure for CP, 
although parenchymal abnormalities and 
initial stage disease might be missed [1, 6, 
13]. It has a reported sensitivity of 74 to 95% 
and specificity of 90 to 100% [13, 19]. The 
risk of post-procedure pancreatitis ranges 
from 5 to 10% [9, 10]. Functional tests are 
usually abnormal only when more than 60 to 
70% of the gland is compromised, frequently 
missing initial stages of CP [1, 2, 8, 20]. 
EUS provides better resolution images than 
US, CT and ERCP. Hence, both parenchymal 
and ductal morphology can be assessed 
without fluoroscopy or contrast injection. It is 
therefore possible to assume that EUS might 

be able to detect abnormalities not previously 
seen by other methods. Its complication rate 
is similar to diagnostic upper gastrointestinal 
endoscopy [7, 21]. 
Overall inter-observer agreement for 
individual EUS features for CP was 92% in 
one study [13]. Sahai et al. found that the only 
independent predictive feature of CP was 
calcification [7]. The sum of the criteria has 
been demonstrated to be more important in 
predicting disease than any isolated feature, 
suggesting that the overall aspect of the gland 
is the most important [7, 22, 23]. 
EUS criteria for pancreatic disease are useful 
but have some limitations. Abnormalities may 
be similar in acute and chronic disease and 
slight changes of CP may be seen in the 
elderly population secondary to fibrotic 
changes related to age [8, 13]. Pancreatic 
abnormalities depicted by EUS can possibly 
be asymptomatic; on the other hand, patients 
highly suspected of having CP might present 
only mild EUS pancreatitis. Alcohol has been 
associated with asymptomatic pancreatic 
abnormalities [24, 25, 26]. 
Yusoff and Sahai prospectively studied the 
effect of ethanol and other variables on the 
endosonographic appearance of the pancreas 
and found that the number of criteria 
correlated most strongly with ethanol 
ingestion and smoking history [27]. 
Wiersema et al. [13] prospectively evaluated 
69 patients and 20 controls to assess 
pancreatic EUS features, demonstrating that 
sensitivity and specificity were optimal when 
3 or more criteria were found. For all forms of 

Table 3. Distribution of Catalano et al. [6] and Sahai et al. [7] scores in patients with or without alcohol abuse 
according to the number of EUS features. 

Catalano (score 1)  Sahai (score 2) Number of 
criteria Alcohol abuse 

(n=17) 
No alcohol abuse 

(n=172) 
P value a  Alcohol abuse 

(n=17) 
No alcohol abuse 

(n=172) 
P value a 

1 or more 15 (88.2%) 77 (44.8%) 0.001  15 (88.2%) 80 (46.5%) 0.001 
2 or more 15 (88.2%) b 54 (31.4%) b <0.001  12 (70.6%) 54 (31.4%) 0.002 
3 or more 13 (76.5%) 39 (22.7%) <0.001  11 (64.7%) b 30 (17.4%) b <0.001 
4 or more 11 (64.7%) 29 (16.9%) <0.001  8 (47.1%) 16 (9.3%) <0.001 
5 or more 9 (52.9%) 17 (9.9%) <0.001  7 (41.2%) 7 (4.1%) <0.001 
6 or more 7 (41.2%) 8 (4.7%) <0.001  4 (23.5%) 1 (0.6%) <0.001 
a Fisher’s exact test 
b Values observed at the best cut-off 
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CP, sensitivity was 80% and specificity was 
86%. When considering initial pancreatic 
disease, sensitivity was 86%. 
In the study by Sahai et al. [7] 126 patients 
underwent EUS followed by ERCP. The 
prevalence of CP in the population studied 
was 76% with 47% having moderate to severe 
disease. The authors found that this diagnosis 
can be made with an 85% certainty when 
more than 2 criteria are present and moderate 
to severe forms when more than 6 features are 
seen. Moderate to severe CP is unlikely 
(negative predictive value greater than 85%) 
when less than 3 criteria are found. 
Independent features predictive of CP were 
the sum of the criteria and alcohol abuse. 
Catalano et al. [6] evaluated 80 patients with 
non-alcoholic, acute, recurrent pancreatitis by 
EUS, ERPC and pancreatic juice examination. 
The agreement between EUS and, both the 
secretin test and ERCP was excellent for 
normal and severe pancreatitis, but poor for 
mild to moderate disease. When at least 3 
EUS features were used to diagnose CP, the 
sensitivity was 86% and specificity 98%. 
This prospective study compared EUS 
appearance in patients with and without 
alcohol abuse excluding those with suspicious 
or confirmed diagnosis of CP. 
When comparing alcoholic and non-alcoholic 
groups, we found that the mean number of 
criteria was significantly higher in the 
alcoholic group (Table 2). This suggests that 
although asymptomatic, alcoholic patients 
might have pancreatic abnormalities which 
may be missed by other procedures, and EUS 
might be useful in screening patients with 
suspected initial stage CP. Still related to such 
findings, we can also argue that EUS is able 
to show early structural damage to the 
pancreas. 
The threshold of features needed to diagnose 
CP can vary according to whether or not we 
wish to maximize sensitivity and specificity. 
The presence of severe EUS abnormalities 
favors the carrying out of more invasive 
corroborative tests and the determination of 
therapeutic options whenever appropriate. 
The significance of mild EUS pancreatic 
changes remains controversial. Once EUS 

detects structural changes not detected by 
other diagnostic methods, follow-up is 
necessary in order to rule out whether or not 
these patients who have been diagnosed with 
mild CP by EUS will develop signs of 
pancreatic disease. 
In summary, patients with alcohol 
consumption of over 80 g/day had 
significantly more EUS abnormalities as 
compared to non-alcoholic controls. EUS was 
able to determine minor damage to the 
pancreas, probably caused by alcohol abuse. 
Patients presenting more than 1 and 2 EUS 
features of the Catalano and Sahai score 
systems, respectively, are at great risk of 
having CP. 
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