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Abstract 
Conventional radiologic imaging (abdominal ultrasound, computer tomography) used in the differential diagnosis of 
post-hepatic jaundice can frequently provide inaccurate diagnosis. Inflammatory lesions may mimic neoplastic processes 
and malignancy may be accompanied by perifocal inflammation resulting in histological misdiagnosis. Furthermore, 
chronic and autoimmune pancreatitis are associated with an increased risk for pancreatic cancer. Radial endosonography 
has become a markedly important method in the imaging of the pancreas. It has a crucial role in the diagnosis and staging 
of pancreatic cancer. The authors present three cases where the diagnosis of pancreatic cancer determined by conventional 
imaging techniques (abdominal ultrasound, computer tomography, endoscopic retrograde cholangiopancreatography) was 
excluded or confirmed by the radial endosonography. The authors conclude that radial endosonography is an essential 
complementary method among imaging techniques of the pancreas and in tumor staging. Application of that may prevent 
unnecessary surgeries, which is obviously useful for patients and cost effective for health care providers.  
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1 Introduction 
According to their sensitivity the conventional radiological examinations, i.e. abdominal ultrasound (US) and computed 
tomography (CT), are rarely able to make a proper differentiation in the etiology of posthepatic jaundice. Inflammatory 
lesions in the pancreas may mimic neoplastic processes and malignancy may be accompanied by perifocal inflammation 
resulting in histological misdiagnosis. Furthermore, chronic and autoimmune pancreatitis (AIP) are associated with an 
increased risk of pancreatic cancer, that means an increase to approximately 4% after a 20-year long period of the 
inflammation [1]. 
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The radial endoscopic ultrasound (EUS) is a more precise diagnostic tool in pancreatic disorders, causes a break-through 
in visualizing the abnormalities of the organ. According to different reviews EUS plays an important role in differentiating 
the mass-forming benign and malignant lesions (it has the highest sensitivity and specificity among the radiological 
methods) in staging and in making decisions about operability [2, 3]. It may help in distinguishing real tumors and 
tumor-mimicking inflammatory disorders (e.g. chronic pancreatitis – AIP) [4-9]. Furthermore it is a minimal invasive 
technique which may avoid the patient from the more invasive core-biopsy. According to the recent guidelines in case of a 
resectable solitary tumor there is no need for previous histological diagnosis [10].  

We would like to present three cases which at first may seem familiar, however the EUS was the imaging tool that led 
towards another way of diagnosis or confirmed the diagnosis, moreover in the third case it opposed the results of 
ultrasound-guided core-biopsy.  

2 Case presentation 

2.1 First case 
A 74-year old woman was admitted to our Emergency Unit due to right hypochondrial crampy pain and jaundice. Blood 
samples taken on the first day revealed elevated transaminase and cholestatic enzyme levels beside normal amylase level 
(see Table 1). Abdominal US showed gallbladder stones, gallbladder wall thickening and a hypoechoic solid mass, 33 mm 
× 37 mm in size, in the head of the pancreas (see Figure 1). Abdominal CT revealed slightly widened head with 
surrounding fatty infiltration; the head partly compressed the descending part of the duodenum and a low-density mass, 23 
mm × 25 mm × 30 mm in size, in the uncinate process. All of the imaging findings supported a tumor in the head of the 
pancreas (see Figure 2). Endoscopic retrograde cholangiography (ERC) was performed to ensure the bile flow, a slight 
external compression on the intrapancreatic part of the common bile duct was seen during the procedure, however there 
was no need for stenting (see Figure 3). To identify more precisely the lesion radial EUS was carried out which showed 
abdominal lymphadenomegaly with multiple solid nodules in the pancreas (see Figure 4) suggesting a diffuse involvement 
of the pancreas, moreover lymphoma was suspected.US-guided core-biopsy was made from the lesion in the head of the 
pancreas for differential diagnosis, the histological examination revealed fibrosis, atrophy of the acinar structures in the 
tissue sample, while the ducts were in relatively large number and lymphoplasmacytic infiltration was seen in the 
pancreatic tissue. Immunhistochemically a high number of immunoglobulin G4- (IgG4-) positive plasma cells were seen 
both in the pancreas and in the peripancreatic tissue (see Figure 5). According to these findings IgG4-associated AIP was 
diagnosed. The serum IgG4-level was extremely elevated which confirmed the diagnosis. 

 

Figure 1. Abdominal US shows a hypoechoic solid mass, 33 mm × 37 mm in size, in the head of the pancreas. 
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Figure 2. Widening of the head of the pancreas with surrounding fatty infiltration can be seen on abdominal CT (first 
case). On the right: mass in the pancreas (second case). 

 

Figure 3. ERC examinations: on the left: a slight external compression on the intrapancreatic part of the common bile duct 
was seen, however there was no need for stenting (first case). On the right: bile duct stenosis before stenting (second case). 

 

Figure 4. Endoscopic ultrasonography: on the left: abdominal lymphadenomegaly with multiple solid nodules in the 
pancreas (first case). In the middle: diffuse inhomogenous head, plastic stent in the common bile duct (second case). On 
the right: pancreatic cancer with vascular invasion (third case). 
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Figure 5. Immunhistochemically a high number of IgG4-positive plasma cells were seen (first case, brown color). 

Steroid therapy was introduced (methylprednisolone given in dose of 1 mg per kg of body weight). Due to the treatment 
patient’s complaints disappeared, the elevated liver enzymes decreased to normal (see Table 1). Subsequent US, EUS and 
CT examination showed regression, as well (see Figure 6). 

Table 1. Laboratory findings at the time of diagnosis (before therapy) and after three months of steroid therapy 

 First case: AIP Second case: AIP Third case: PC 

Normal value 

 

Before 
therapy 

In three 
months’ 
time 

Before therapy 
In three 
months’ 
time 

Before therapy 

SGOT (U/l) 643 13 238 18 13 5 - 38 

SGPT  (U/l) 394 32 277 50 11 5 - 39 

GGT (U/l) 122 37 454 48 16 5 - 32 

Conj/Non conj  
Bilirubin (µmol/l) 168/93 53/11 187.9/165.8 8.9/ 6.5/ 4 - 20 

AP (U/l) 621 176 217 59 68 100 - 290 

LDH (U/l) 624 336   323 200 - 400 

Amylase (U/l) 15 16 23 63 44 0 - 220 

CRP (mg/l) 1.64 0.47 < 2.0 < 2.0 3.9 0 - 5 

INR 1.29 1.29 1.15 0.94 1.15 0.8 - 1.3 

Blood glucose  
(mmol/l) 5.9 15.4 9.5 8.8 6.2 3.5 - 5.8 

CA 19-9 (U/ml) <0.6 <0.6 26.61 20.78 7.85 < 27.0 

CEA (ng/ml) 7.94 3.11 1.41 2.36 5.18 < 4.70 

Note. PC = pancreas carcinoma; SGOT = serum glutamic oxaloacetic transaminase; SGPT = serum glutamic pyruvic transaminase; GGT = gamma-glutamyl transpeptidase; conj = conjugated; non conj = 

non conjugated; LDH = lactate dehydrogenase; CRP = C reactive protein; INR = international normalized ratio; CA 19-9 = carbohydrate/cancer antigen 19-9; CEA = carcinoembryonic antigen. 
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Figure 6. Abdominal US (top line) and CT (bottom line) made after steroid therapy: atrophic, diffuse slightly, 
inhomogenous pancreas (first case). 

2.2 Second case 
A 69-year old abstinent male was referred to the outpatient clinic because of painless jaundice. The laboratory tests 
showed slightly elevated obstructive liver enzymes (see Table 1). A suspicion of pancreatic cancer was emerged according 
to a mass-forming lesion in the head seen with US examination. The abdominal CT confirmed the abnormality revealed 
with the US. To ensure the bile flow the patient underwent an ERCP examination and during the procedure a double-duct 
sign was seen, which verified the diagnosis of malignancy. Biliary stenting was also performed. Radial EUS was carried 
out for staging, however there were not any nodular lesion detected during the examination, but a diffuse chronic 
pancreatitis, moreover no lymphadenomegaly had been seen. In addition, the tumor markers were not elevated (see Table 
1). A core-biopsy was performed from the lesion seen on US and CT and the histological examination of the tissue sample 
established the diagnosis of AIP, which was confirmed with the extremely elevated serum IgG4-level (> 815 mg/l), as 
well. To be on the safe side, an MRCP was made, which showed a diffuse enlargement of the pancreas, same as to the AIP. 
Due to steroid therapy the elevated liver enzymes decreased to normal and the patient’s complaints disappeared. Three 
months later, after the steroid therapy, an ERCP was performed to remove the biliary stents while the examination revealed 
main pancreatic duct caliber change. 

2.3 Third case 
A 67-year old woman came to her GP because of epigastric pain. Preliminary laboratory tests did not reveal any pathologic 
(see Table 1). Pancreatic tumor was supposed due to a mass seen in the body of the pancreas with abdominal US. The same 
malignancy was suspected on abdominal CT scan beside an abdominal lymphadenomegaly. The patient was referred to 
our hospital for further investigation, i.e. EUS for staging and US-guided core-biopsy for histological examination, 
requested from her surgeon. The radial EUS clearly confirmed the tumor in the body, moreover the examination revealed 
both arterial and venous invasion of the malignant cells and lymphadenomegaly. On the other hand the core-biopsy did not 
show any malignancy moreover it was characteristic to AIP. What is more the tumor markers were in normal range. 
Nevertheless the patient underwent a surgical invention which showed a progressive, unresectable cancer on the greater 
omentum, as well, moreover the histological examination of the tissue sample taken during the surgery revealed 
adenocarcinoma of the pancreas. 

3 Discussion 
What common in all these three cases is that autoimmune pancreatitis, a quite rare disease, or the more frequent pancreatic 
cancer emerged as diagnosis. Tumor of the pancreas was suspected in all three cases according to the clinical 
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manifestation and the conventional radiological examinations (e. g. abdominal US, abdominal CT). However malignancy 
only in one case (in the third one) was supported with radial EUS; moreover for that patient the core-biopsy revealed a 
false benign diagnosis (i.e. autoimmune pancreatitis). It is well known that in some cases samples can be taken from the 
“paratumoral” inflammatory region with the help of US-guided core-biopsy [11-14] resulting in false negative diagnosis, 
however it is difficult to take this information into account in some certain cases. 

In two of our cases the EUS was the only tool which revealed diffuse involvement of the pancreas giving a hand in making 
a diagnosis without surgical intervention, while in the third case it kept the diagnosis in the proper way by showing an 
infiltrative nodular disease. 

The autoimmune pancreatitis is a special type of chronic pancreatitis, probably with autoimmune etiology, and displays 
clinical, histological and morphological features. Its incidence is not exactly known yet as it is probably not diagnosed in 
each case. (In Japan the prevalence is 0.8 case/100000 person and the 4%-10% of chronic pancreatitis is AIP [15, 16].) 

In a study of the Mayo Clinic the pancreatic tissues taken out in Whipple-procedure because malignancy were 
re-examined retrospectively, which showed that in 9.2% of the cases there was no malignancy, and among these patients 
AIP was histologically diagnosed in 23.4% [17].  

On the contrary the malignancies of the pancreas occur quite often [18]. In 2008 the pancreatic cancer worldwide was the 
13th most common cancer with 277,000 new cases (2.2% among all type of the cancers) and the 8th most common cause 
of death with 266,000 cases (3.5% among all type of death caused by cancer). The five-year survival is only 5%. 

The main clinical features of AIP and pancreatic cancer are nearly the same: jaundice, mild abdominal pain and 
weight-loss, while sometimes nausea, weakness and steatorrhoea occur also. According to the histological patterns two 
types of AIP exist. The histological pattern in type 1 AIP, referred to as lymphoplasmacytic sclerosing pancreatitis (LPSP), 
is characterized by a periductal lymphoplasmacytic infiltration, storiform fibrosis, obliterative phlebitis and IgG4-positive 
plasma cells.The histopathological pattern in type 2 AIP is known as idiopathic duct centric CP (IDCP) or granulocyte 
epithelial lesion (GEL)-positive pancreatitis. Periductal lymphoplasmacytic infiltration and storiform fibrosis can be seen 
in type 2 AIP, as well, while no or very few (< 10 cells/high power field) IgG4-positive plasma cells occur in the tissue 
sample [19]. Immunological examinations in type 1 AIP patients have demonstrated high incidences of 
hypergammaglobulinemia (43%), increased serum levels of immunoglobulin-G (IgG) (62%-80%) and IgG4 (68%-92%). 
Among all the serological diagnostic features, an elevated serum level of IgG4 has the highest individual diagnostic value; 
however, it is not disease-specific. Furthermore, an elevated serum IgG4 level correlates with the activity of AIP [20, 21]. 

In AIP we can find other organ involvement, like autoimmune thyroiditis, Sjögren’s syndrome, interstitial nephritis, 
inflammatory bowel disease, primary biliary cirrhosis, and primary sclerosing cholangitis [15, 22]. 

Typically radiological examinations show a diffuse enlargement of the pancreas with a capsule-like rim, and the segmental 
stenosis of the main pancreatic duct (in contrary to chronic pancreatitis in which segmental duct dilation can be seen in the 
atrophic pancreas). Rarely can we see the focal enlargement of the pancreas which is hard to differentiate from a tumor. 
Several studies have shown that EUS is the most sensitive and most specific method of testing in the diagnosis of 
pancreatic tumors [23]. The EUS is especially conducive to the detection of small tumors, where other imaging modality 
(CT, magnetic resonance imaging) is not enough sensitive, but there is a chance of curative resection. Therefore EUS has 
an important role in differential diagnosis as being the most sensitive and specific diagnostic tool in pancreatic 
malignancies (with 98% sensitivity and 95% specificity), and it can exclude the pancreatic tumor reliably according to its 
95%-100% negative predictive value [3, 24]. The EUS is also suitable for assessing the pancreas parenchyma and the ducts 
thereby EUS is an important testing method in the diagnosis of chronic pancreatitis with high accuracy (sensitivity: 100%, 
specificity: 79%) [25]. Isolation of EUS for the diagnosis of autoimmune pancreatitis and pancreatic carcinoma based on the 
typical morphology signs [26]. In addition the sensitivity (85%) of the fine needle aspiration (FNA) with the help of EUS in 
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the diagnosis of pancreas cancer, specificity (98%), diagnostic accuracy (88%), positive and negative predictive value 
(100 and 85%) is very high [27]. The EUS guided trucut biopsy proved to be more effective than the FNA in the diagnosis of 
autoimmune pancreatitis [28]. 

In establishing the diagnosis of AIP the most common diagnostic criteria are the Mayo Clinic’s one (HISORt criteria). 
While the latest diagnostic criteria of the International Association of Pancreatology is from 2011, and represent consensus 
of different guidelines [29] (see Table 2). 

Table 2. Diagnostic criteria for AIP: definitions 

 The HISORt Criteria 
Guidelines of the International Association of 
Pancreatology 

  Type 1 Type 2 

Histology typical histopathologic findings 
Lymphoplasmacytic 
sclerosing pancreatitis 

Idiopathic duct-centric 
pancreatitis or AIP with GEL 

Imaging 

Typical: diffusely enlarged gland with delayed 
(rim) enhancement; diffusely irregular, 
attenuated main pancreatic duct 
Other: focal pancreatic mass/enlargement 
mimicking pancreatic carcinoma 

Typical: Diffuse enlargement with delayed enhancement 
Indeterminate: Segmental/focal enlargement with delayed 
enhancement 

Serology elevated serum IgG4 level 
IgG4 ≥ 1x upper limit of 
normal value 

- 

Other organ 
involvement 

autoimmune thyroiditis, Sjögren’s syndrome, 
interstitial nephritis, inflammatory bowel 
disease, primary biliary cirrhosis, primary 
sclerosing cholangitis 

Typical AIP-like 
histology of 
extrapancreatic organs 
Or: Segmental/multiple 
proximal (hilar/ 
intrahepatic) or proximal 
and distal bile duct 
stricture 
And/Or: Retroperitoneal 
fibrosis 

No or clinically diagnosed 
inflammatory bowel 
disease 

Response to 
steroid 
therapy 

resolution/marked improvement of 
pancreatic/extrapancreatic manifestation with 
steroid therapy 

Diagnostic steroid trial 
Rapid (≤ 2 wk) radiologically demonstrable resolution or 
marked improvement in pancreatic/ extrapancreatic 
manifestations 

Note. AIP = autoimmune pancreatitis; GEL = granulocyte epithelial lesion; IgG4 = immunglobulin G4.  

The short term prognosis of AIP is very good, due to the rapid improvement seen in the patient’s condition through steroid 
therapy (however if we cannot see the improvement, the diagnosis has to be reconsider) [15, 30, 31]. The long term prognosis 
has not been discovered yet.  

4 Conclusion 
The correct diagnosis has to be established multidisciplinary (radiology, endoscopy, laboratory diagnostics, and other 
related specialties) to diminish the occurrence of misdiagnosis, however it cannot be entirely excluded. This statement is 
really true in relation to the pancreatic tumors as it can be seen in our cases, as well. However, the radiological tools 
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usually used in the practice are overvalued, their sensitivity is not sufficient enough. According to these facts, it is 
important to have EUS become part of everyday use; moreover its sensitivity is much higher than the widely used CT’s – 
but in Hungary it is a rather underestimated method. The diagnostic EUS is useful not only in case of uncertainty of the 
easily available conventional radiological tools, but to clarify their description (e.g. staging) as well, both in malignancies 
and inflammatory diseases [20]. 

Additionally from our cases it is well seen that EUS, besides the more precise diagnosis, might be a cost-cutting method, 
because both the patient and the medical institution can be avoided from some unnecessary and expensive surgical 
interventions.  
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