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INTRODUCTION
Mass-forming pancreatitis usually arises in patients with a 
history of  chronic pancreatitis[1]. The main characteristic 
feature at pathology is progressive interstitial fibrosis with 
chronic inflammatory infiltrate. Differential diagnosis with 
a neoplastic disease may be difficult because mass-forming 
pancreatitis and pancreatic tumor may present with the 
same symptoms and signs[2]. Autoimmune pancreatitis is a 
rare type of  chronic pancreatitis which has been proposed 
as a separate clinical entity in 1995 and later defined[3,4]. As 
opposed to the other forms of  chronic pancreatitis, in the 
autoimmune form, the pancreas is increased in volume, 
usually in a diffuse way with the typical “sausage” look, 
and Wirsung duct is compressed by glandular parenchyma 
or string-like[4]. At ultrasonography (US), mass-forming
pancreatitis is often very similar to pancreatic carcinoma[1,5], 
presenting in most cases as a hypoechoic mass in a 
limited sector of  the gland, usually at the head, often with 
enlargement or lumpiness of  the gland contour. Contrast-
enhanced ultrasonography (CEUS), thanks to the real-
time continuous visualization of  blood perfusion of  
the pancreas and its masses, has been recently used in 
the evaluation of  the vascularization of  solid pancreatic 
lesions, with results superior to single-slice spiral CT[6,7]. 
The CEUS features of  autoimmune pancreatitis have also 
been evaluated[8]. In this study, we aimed to assess the 
utility of  CEUS with a second-generation contrast medium 
in the differential diagnosis between mass-forming 
pancreatitis and pancreatic carcinoma.

MATERIALS AND METHODS
From our radio-pathology database, we retrieved all the 
patients affected by mass-forming pancreatitis or pancre-
atic ductal adenocarcinoma who underwent CEUS at our 
Institution between January 2002 and January 2005. Our 
Institutional Review Board does not require any informed 
consent for retrospective studies. This study included 35 
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Abstract
AIM: To assess the uti l i ty of contrast-enhanced 
ultrasonography (CEUS) with a second-generation 
contrast medium in the differential diagnosis between 
mass-forming pancreatitis and pancreatic carcinoma.

METHODS: From our radio-pathology database, we 
retrieved all the patients affected by mass-forming 
pancreatitis or pancreatic carcinoma who underwent 
CEUS. We evaluated the results of CEUS in the study of 
the 173 pancreatic masses considering the possibilities 
of a differential diagnosis between mass-forming 
pancreatitis and pancreatic tumor by identifying the 
“parenchymographic” enhancement during the dynamic 
phase of CEUS, which was considered diagnostic for 
mass-forming pancreatitis. 

RESULTS: At CEUS, 94% of the mass- forming 
pancreatitis showed intralesional parenchymography. 
CEUS allowed diagnosis of mass-forming pancreatitis 
with sensit iv i ty of 88.6%, specif ic i ty of 97.8%, 
positive predictive value of 91.2%, negative predictive 
value of 97.1%, and overall accuracy of 96%. CEUS 
significantly increased the diagnostic confidence in the 
differential diagnosis between mass-forming pancreatitis 
and pancreatic carcinoma, with receiver operating 
characteristic curve areas from 0.557 (P  = 0.1608) for 
baseline US to 0.956 (P  < 0.0001) for CEUS. 

CONCLUSION: CEUS allowed diagnosis of mass-
forming pancreatit is with diagnostic accuracy of 
96%. CEUS significantly increases the diagnostic 
confidence with respect to basal US in discerning 
mass-forming pancreatitis from pancreatic neoplasm. 
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patients (26 males, 9 females, mean age 49.1 years) affected 
by mass-forming pancreatitis (19 chronic alcohol-related 
pancreatitis, 15 chronic autoimmune pancreatitis, 1 genetic 
pancreatitis) and 138 patients affected by pancreatic tu-
mors (78 males, 60 females, mean age 62.4 years). A total 
of  173 pancreatic masses were enrolled. All the pancreatic 
masses underwent cytological or histological diagnosis. All 
the patients with cytological diagnosis of  pancreatitis were 
followed up at least for one year. All CEUS examinations 
were performed by radiologists on a Sequoia 512 6.0 (Acu-
son, Mountain View, CA, USA) ultrasound system, with 
harmonic microbubble-specific imaging with low acoustic 
ultrasound pressure (2-4 MHz Coherent Contrast Imaging 
or Cadence Contrast Pulse Sequencing; Mechanical Index 
0.2; 12-13 frames/s). A 2.4 mL bolus of  a second-gener-
ation contrast medium, SonoVue® (Bracco, Milan, Italy), 
was intravenously injected, followed by a 5 mL bolus of  
saline solution. All CEUS examinations were performed 
by the same radiologist and recorded on videotape/VHS 
or magneto optical disk/MOD systems to have the possi-
bility to immediately review the dynamic study. Insonation 
of  the pancreatic lesion was continuous with dynamic 
observation of  the shift from the unenhanced phase to 
the contrast-enhanced phase. The enhancement pattern of  
the lesions was compared to that of  the adjacent normal 
parenchyma. Definition of  the arterial phase is possible 
when observing hyperechogenity of  the aorta or other big 
perilesional arteries. The venous phase is defined when the 
splenomesenteric-portal tree becomes hyperechoic. The 
lesions were classified according to the lesional enhance-
ment in the enhanced phases as hypovascular/hypoechoic 
(lesions almost without enhancement or with enhancement 
lower than that of  the adjacent parenchyma), isovascular/
isoechoic (lesions with slight continuous enhancement or 
enhancement similar to that of  the adjacent parenchyma) 
and hypervascular/hyperechoic (lesions with bright en-
hancement or enhancement superior to that of  the adja-
cent parenchyma). The presence of  a slight continuous 
enhancement inside the pancreatic masses, isovascular 
with the adjacent pancreatic parenchyma, was defined as 
“parenchymographic enhancement”. We evaluated the re-
sults of  CEUS in the study of  the 173 pancreatic masses 
considering the possibilities of  a differential diagnosis be-
tween mass-forming pancreatitis and pancreatic tumor by 
identifying the parenchymographic enhancement during 
the dynamic phase of  CEUS, which was considered diag-
nostic for mass-forming pancreatitis. The reports of  all 
the CEUS examinations were reviewed retrospectively, but 
all the CEUS studies had been interpreted in a prospective 
manner by the attending radiologist and so utilized for the 
data analysis. The sensitivity, specificity, positive and nega-
tive predictive values and diagnostic accuracy of  CEUS in 
the characterization of  the pancreatic masses were then 
calculated. Moreover, to compare baseline US and CEUS, 
each mass-forming pancreatitis was evaluated at baseline 
US and at CEUS with a 3 level diagnostic score: 0 = ab-
sence of  malignancy (isoechoic lesions); 1 = indeterminate 
(hyperechoic lesions); and 2 = presence of  malignancy 
(hypoechoic lesions). Diagnostic confidences of  baseline 
US and of  CEUS in the characterization of  mass-forming 

pancreatitis were represented by means of  the ROC (re-
ceiver operating characteristic) curves; diagnostic advan-
tage of  CEUS on baseline US was calculated by compar-
ing the areas under the ROC curves obtained by using a 
computer software package (Analise-it; Analise-it-software, 
Leeds, England).

RESULTS
All the contrast-enhanced ultrasound examinations were 
technically adequate allowing the dynamic observation of  
the shift from the unenhanced to the contrast-enhanced 
arterial and venous phases.

Pancreatic tumors
Pancreatic carcinomas were hypoechoic to the adjacent 
parenchyma at CEUS during the dynamic phases in 91% 
(126/138) of  the cases (Figure 1), while hyperechoic and 
isoechoic in 7% (9/138) and 2% (3/138) of  the cases, 
respectively. 

Mass-forming pancreatitis 
Mass-forming pancreatitis involved diffusely the pancreatic 
parenchyma in 8.5% (10/35) of  the cases, while 71.5% 
(25/35) of  the cases were focally localized. Of  the 25 
focally localized cases, 16 were at the pancreatic head, 
5 at the uncinate process and 4 at the pancreatic body. 
The main pancreatic duct was dilated in 10 cases, the 
common bile duct was dilated in 11, and dilation of  both 
ducts was observed in 6 cases. Lesional calcifications were 

Figure 1  Ductal adenocarcinoma. A: US showing slightly hypoechoic pancreatic 
head mass (asterisk); B: CEUS showing poor enhancement of the mass, 
appearing hypoechoic to the rest of pancreatic parenchyma in the contrast-
enhanced phases.
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observed in 5 (14%) patients. One patient was positive 
for the SPINK-1 genetic marker. Five patients had 
significantly higher levels of  serum tumoral markers (CA 
125 in 1 and CA 19-9 in 4 cases). At CEUS, 94% of  the 
mass-forming pancreatitis showed intralesional glandular 
parenchymography (Figure 2), while 6% of  the mass-
forming pancreatitis remained hypoechoic during the 
dynamic phase. CEUS allowed diagnosis of  mass-forming 
pancreatitis, assuming isoechogenicity as significant 
for pancreatitis, with sensitivity of  88.6%, specificity 
of  97.8%, positive predictive value of  91.2%, negative 
predictive value of  97.1%, and overall accuracy of  96%. 
The presence of  parenchymographic enhancement or 
hypoechogenicity in the examined pancreatic masses in 
the dynamic phases of  CEUS significantly increased the 
diagnostic confidence in the differential diagnosis between 
mass-forming pancreatitis and pancreatic tumor, with 
receiver operating characteristic curve areas from 0.557 (P 
= 0.1608) for baseline US to 0.956 (P < 0.0001) for CEUS 
(Figure 3).

DISCUSSION
Mass-forming pancreatitis is caused by various etiopatho-
genetic factors. However, at least two distinct categories 
have been recognized: alcohol-induced and autoimmune-
related[9]. Differential diagnosis between mass-forming 
pancreatitis and pancreatic tumor is a crucial point for the 
correct management of  patients affected by pancreatic 
masses. However, differential diagnosis can be difficult in 

clinical practice[10,11]. In fact, mass-forming pancreatitis and 
pancreatic tumors may present with the same symptoms 
and signs[2]. Several clinical and imaging features have been 
proposed to be helpful for the differential diagnosis. In 
case of  mass-forming chronic pancreatitis, the presence of  
small calcifications in the lesion may suggest its inflamma-
tory nature[12], but is surely poorly specific. The identifica-
tion of  perfusion features similar to those of  the normal 
pancreatic parenchyma (i.e., glandular parenchymography) 
is strongly suggestive of  inflammatory mass, while ductal 
carcinomas typically display a low/absent enhancement 
due to the scirrhous content of  this tumor. Contrast-
enhanced ultrasonography (CEUS) has recently been used 
for pancreatic lesions study with good results[6,13]. The 
CEUS finding consistent with an inflammatory origin of  
a pancreatic mass is the presence of  a parenchymographic 
enhancement, defined as slight continuous enhancement 
inside the pancreatic mass with isovascularity to the adja-
cent pancreatic parenchyma. In this study, considering the 
presence of  this sign, CEUS diagnosis of  mass-forming 
pancreatitis was possible with sensitivity of  88.6%, speci-
ficity of  97.8%, positive predictive value of  91.2%, nega-
tive predictive value of  97.1% and an overall diagnostic 
accuracy of  96%. The intensity of  this parenchymographic 
enhancement is surely related to the length of  the underly-
ing inflammatory process. It has been observed that the 
more the inflammatory process is chronic and long-stand-
ing, the less intense is the intralesional parenchymography, 
probably in relation to the entity of  the associated fibrosis. 
As opposed to this, in mass-forming pancreatitis of  more 
recent onset, the enhancement is usually more intense and 
prolonged[5]. The characteristic findings of  autoimmune 
pancreatitis have been well defined: increased levels of  se-
rum gammaglobulin or IgG; presence of  autoantibodies; 
enlargement of  the pancreas; diffusely irregular narrowing 
of  the main pancreatic duct and occasional stenosis of  the 
intrapancreatic bile duct; fibrotic changes with lympho-
cyte infiltration; absent or mild symptoms; rare pancreatic 
calcifications and cysts; occasional association with other 
autoimmune diseases and effective steroid therapy[14]. Au-
toimmune pancreatitis is also reported to be characterized 

Figure 3  Receiver operating characteristic curves of baseline ultrasound and 
contrast-enhanced ultrasound in the characterization of 173 pancreatic masses, 
discerning between benignancy (pancreatitis) and malignancy (tumor).

Figure  2   Mass- fo rming  chron ic  au to immune pancrea t i t i s .  A :  US 
showing hypoechoic head pancreatic mass (asterisk); B: CEUS showing 
parenchymographic enhancement of the pancreatic lesion in the head of the 
pancreas during the contrast-enhanced phases.
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by periductal flogosis, mainly sustained by lymphocytic 
infiltration, with evolution to fibrosis[3,4]. The exact inci-
dence and prevalence of  this disease are not known, but 
previous studies have shown a male preponderance (ratio 
of  2:1) and a predominant involvement of  the elderly 
age group[15]. The association with other autoimmune 
diseases has been reported, although data about the exact 
incidence of  this association are not available[14]; the most 
commonly associated diseases are Sjogren syndrome, 
diabetes mellitus, inflammatory bowel disease (especially 
Crohn’s disease), primary biliary cirrhosis, primary scle-
rosing cholangitis and systemic lupus erythematosus[15,16]. 
Response to steroid therapy is reported in the literature, 
but dosage and duration of  the therapy are not standard-
ized. However, pancreatitis is the most common benign 
condition that mimics pancreatic neoplasm, and in recent 
experience at Johns Hopkins, lymphoplasmacytic scleros-
ing pancreatitis is the most common form of  pancreatitis 
in patients who are subjected to pancreaticduodenectomy 
for suspected neoplasm[17]. Ultrasonographic features of  
autoimmune pancreatitis are very similar to those of  focal 
pancreatitis, even though autoimmune pancreatitis may 
interest more frequently the entire gland or present a larger 
extension and ubiquitous localization. US findings are 
characteristic in the diffuse form when the entire gland is 
involved. Echogenicity is markedly reduced, gland volume 
is increased and Wirsung duct is compressed by glandular 
parenchyma. Focal autoimmune pancreatitis at the pancre-
atic head is often characterized by the sole dilation of  the 
common bile duct[8]. The vascularization of  autoimmune 
pancreatitis can be demonstrated by CEUS, which shows 
most often a moderate or marked[8] enhancement in the 
early contrast-enhanced phase, though inhomogeneous 
due to the thinning of  the glandular vessels as the conse-
quence of  the thick lymphocytic infiltration and fibrosis. 
In our study, parenchymographic enhancement, defined 
as slight continuous enhancement inside the pancreatic 
masses with isovascularity to the adjacent pancreatic paren-
chyma, was shown in 94% of  the mass-forming pancre-
atitis. These CEUS findings have been reported to be es-
pecially useful in the study of  focal forms of  autoimmune 
chronic pancreatitis, in which differential diagnosis with 
ductal carcinoma is a priority[11]. The ability of  EUS as well 
other imaging modalities to differentiate pancreatic cancer 
from pseudotumorous chronic pancreatitis is reported 
in literature[18]. Our data suggests that contrast-enhanced 
ultrasonography should be used in the characterization of  
pancreatic masses as complementary to CT and MRI. The 
sensitivity of  CEUS in the identification of  inflammatory 
masses allows to propose to obtain a diagnosis with fine 
needle percutaneous cytology in pancreatic focal masses 
that show glandular parenchymography at the examination. 
However, our study is surely limited by the retrospective 
evaluation.

In conclusion, CEUS allows diagnosis of  mass-form-
ing pancreatitis with diagnostic accuracy of  96%. CEUS 
significantly increases the diagnostic confidence in respect 
to basal US in discerning mass-forming pancreatitis from 
pancreatic neoplasm.
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