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Abstract 
AIM: To evaluate the contrast-enhanced endosonography 
as a method of differentiating inflammation from 
pancreatic carcinoma based on perfusion characteristics 
of microvessels.

METHODS: In 86 patients with suspected chronic 
pancreatitis (age: 62 ± 12 years; sex: f/m 38/48), pan-
creatic lesions were examined by conventional endo-
scopic B-mode, power Doppler ultrasound and contrast-
enhanced power mode (Hitachi EUB 525, SonoVue, 2.4 
mL, Bracco) using the following criteria for malignant 
lesions: no detectable vascularisation using conventional 
power Doppler scanning, irregular appearance of arterial 
vessels over a short distance using SonoVue contrast-
enhanced technique and no detectable venous vessels 
inside the lesion. A malignant lesion was assumed if all 
criteria were detectable [gold standard endoscopic ul-
trasound (EUS)-guided fine needle aspiration cytology, 
operation]. The criteria of chronic pancreatitis without 
neoplasia were defined as no detectable vascularisation 
before injection of SonoVue, regular appearance of ves-
sels over a distance of at least 20 mm after injection of 
SonoVue and detection of arterial and venous vessels.

RESULTS: The sensitivity and specificity of conventional 
EUS were 73.2% and 83.3% respectively for pancre-
atic cancer. The sensitivity of contrast-enhanced EUS 
increased to 91.1% in 51 of 56 patients with malignant 
pancreatic lesion and the specificity increased to 93.3% 
in 28 of 30 patients with chronic inflammatory pancreatic 
disease.

CONCLUSION: Contrast-enhanced endoscopic ultra-
sound improves the differentiation between chronic pan-
creatitis and pancreatic carcinoma. 

© 2006 The WJG Press. All rights reserved.
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INTRODUCTION
Endoscopic ultrasound is a diagnostic method with a high 
sensitivity for detection of  small pancreatic lesions and 
can rule out carcinomas in almost all patients without 
chronic pancreatitis[1,2]. However, the differential diagnosis 
of  pancreatic lesions, especially malignant neoplasia in 
patients with chronic pancreatitis is always difficult.

Differentiation between malignant and benign lesions 
in the liver is possible in many cases through analysis of  
its organ specific vascularity (portal vein/sinusoidal) using 
liver specific contrast media[3,4]. In contrast to the liver with 
its organ specific (portal vein/sinusoidal) blood supply, the 
pancreas does not contain pancreatic specific vasculature. 
Therefore, the differentiation of  malignant from benign 
pancreatic lesions seems to remain an unsolved problem 
today though technology is improved. The same problem 
arises using computerized tomography (CT) and magnetic 
resonance imaging (MRI)[5-7]. In patients with chronic 
pancreatitis the specificity of  differentiation between 
malignant and benign lesions in the pancreas is reported to 
be as low as 33%-75%[8, 9]. 

However, the introduction of  endoscopic ultrasound-
guided fine needle aspiration has made this easier[10-12]. 
The gold standard is still surgery in combination with 
pathological examination of  histological specimens. 
Nevertheless an improved non-invasive method of  
detecting malignant tissue is preferable. In the present 
study, contrast-enhanced endoscopic ultrasound was used 
to differentiate between benign and malignant pancreatic 
lesions. 
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MATERIALS AND METHODS
Patients
A total of  120 patients (age: 61 ± 18 years; sex: f/m 
56/64) who showed undifferentiated pancreatic lesions in 
ultrasound and computed tomography were included into 
the present study. Reference imaging examinations (e.g. 
computed tomography, magnetic resonance imaging and 
positron emission tomography [PET]) were performed as 
part of  the clinical work-up of  the patients. Patients with 
mucinous cyst adenoma (n = 1), serous cyst adenoma (n = 5), 
serous cyst adenocarcinoma (n = 4) and neuroendocrine 
tumours (n = 6) were excluded from the study. Contrast-
enhanced endoscopic ultrasound was not performed in 
seven patients due to severe heart failure NYHA III/IV, 
a contraindication for SonoVue®. The image quality was 
inadequate in one patient due to severe pancreatic lipo-
matosis. Furthermore, the lesion could not reached in 10 
patients by the biopsy needle. Finally, 86 patients (age: 
62  ±  12   y e a r s; sex: f/m 38/48) were included in the study. 

Informed consent according to the ethical guidelines 
from Helsinki was obtained from all patients after the 
patients were informed of  the purpose of  the study before 
ultrasound examination was started.

Methods
Endoscopic ultrasound was performed using an electronic 
linear ultrasound probe (Pentax FG 38 UX; Hitachi 
EUB 525). The pancreas was examined as previously 
described[13]. As contrast enhancing agent, Sonovue® 
(Bracco, Milano, Italy) was applied in all patients. During 
the procedure all patients were monitored as previously 
described[14,15]. 

Conventional B-mode and power Doppler scanning
The imaging criteria of  chronic pancreatitis have been 
recently discussed[16,17]. All patients received transabdomi-
nal examination as previously described[18]. In this study 
the specificity and sensitivity of  endoscopic ultrasound 
were tested before and after injection of  the contrast- en-
hancing agent SonoVue in differentiating focal chronic 
pancreatitis from pancreatic carcinoma. Tumour location, 
morphology, echogenicity and size were documented. If  a 
lesion was detected, vascularity and possible vessel infiltra-
tion were evaluated using conventional endoscopic power 
Doppler ultrasonography in comparison to the surround-
ing pancreatic tissues and regarded as hyper-, iso- or hy-
povascular. 

The pulse repetition frequency and wall filters were 
individually adjusted to enable the detection of  parenchy-
mal and intratumoral vessels and to avoid artefacts such as 
“blooming”. To detect vascular complications such as por-
tal vein thrombosis, the portal vein was also investigated in 
variable scans. If  any echogenic material was found in the 
lumen of  the portal vein, power Doppler was used to de-
tect flow inside the material. If  flow was detected, pulsed 
wave Doppler analysis was performed to differentiate be-
tween pulsatile arterial and non-pulsatile (portal-) venous 
perfusion. In addition, the following criteria for malignant 
lesions were used: irregular lesion without clear structure, 
stenosis of  pancreatic duct with prestenotic duct dilatation 

and infiltration of  vessels or surrounding organs. 

Contrast-enhanced power Doppler scanning
In a prestudy, Levovist and SonoVue® were compared in 
10 consecutive patients, which demonstrated best results 
in imaging pancreatic perfusion using SonoVue (2.4 mL). 
Therefore, contrast-enhanced ultrasound was applied using 
SonoVue® 2.4 mL (BR1, Bracco, Italy) to evaluate if  this 
contrast application could improve the characterisation 
of  tumour vascularity. SonoVue® (2.4 mL) was injected 
following a flash of  10mL saline solution via a catheter 
(1.2 mm in diameter or larger) into a cubital vein. Hitachi 
EUB 525 was used. Continuous scanning was performed 
with its pulse repetition frequency set at 7 kHz to gain 
optimal signals as low as possible but to avoid artefacts 
with an adjusted wall filter. In contrast to the technique 
described by Becker et al [13], we combined the analysis of  
the detected vessels with pulse wave (pw) Doppler analysis. 
The sonograms were stored on videotapes and re-evalu-
ated blind to the clinical settings using a semiquantitative 
scoring system to evaluate the vascularity during different 
phases of  perfusion.

Criteria of  chronic pancreatitis without neoplasia 
were defined as no detectable vascularisation or regular 
appearance of  vessels over a distance of  at least 20 mm 
before and after injection of  SonoVue and detection of  
arterial and venous vessels in the contrast-enhanced phase.

Cr i t e r i a f o r ma l i gnancy we r e no de t e c t ab l e 
vascularisation before injection of  SonoVue, irregular 
appearance of  arterial vessels over a short distance after 
injection of  SonoVue and no detection of  venous vessels 
in the lesion. A malignant lesion was assumed if  all criteria 
were detectable.

The whole procedures were stored on videotapes. The 
criteria of  benign and malignant pancreatic tumour using 
contrast-enhanced power Doppler are summarized in 
(Table 1)

Endoscopy-guided puncture
EUS-guided fine needle aspiration was performed in all 
patients. The patients with benign diseases were followed 
up for at least 12 mo. After detection of  the lesion by 
endoscopic ultrasound, the diagnostic criteria of  endo-
scopic ultrasound were used to get a primary diagnosis. 
Then the lesion was investigated with the help of  power 
Doppler mode before and after the application of  2.4  mL 
SonoVue for over 3 min and the secondary diagnosis 
was established. At the end of  the procedure all lesions 
were punctured with a 22 G fine needle aspiration system 
(Cook Deutschland GmbH, Mönchengladbach, Deut-
schland) to confirm the diagnosis using cytology. For 
optimization of  the cytology results more then 6 needle 
passes of  the lesion were used as previously described[10,19]. 
The material was spread out on to a normal micro-
scopic glass platelet and dried by air. Then, a blood stain 
(May-Gruenwald/Giemsa) was made. In case of  remaining 
tissue, the tissue biopsy was fixed in formalin for histologi-
cal examination. A malignant process was assumed if  the 
result of  cytological examination was Papanicolaou IV or 
V or the histological examination was positive for malig-
nant tissue. A benign process was assumed if  the result of  
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cytological examination was Papanicolaou I or II. 

Final diagnostic methodology
After detection of  the lesion by endoscopic ultrasound 
and the use of  contrast-enhanced Doppler sonography, 
the final diagnosis was achieved by endoscopy-guided 
puncture. The material was immediately evaluated 
and re-puncture was performed if  the material was 
not representative. Re-puncture was successful in 17 
patients. Surgery was performed in 19 patients leading to 
concordant results. There was an inoperable tumour in the 
following diagnostic procedures (for example metastasis 
of  lung, condition of  the patient etc.) or no other sign of  
pancreatic cancer in all other patients. If  the operation was 
refused, we re-examined the patients with assumed chronic 
pancreatitis 6 and 12 mo after the diagnosis. In case of  no 
signs of  malignant tumour 12 mo after the initial diagnosis, 
pancreatic cancer was ruled out.

RESULTS
Final diagnosis
Final diagnosis was obtained by endoscopy-guided 
puncture in all 86 patients. Furthermore the diagnosis was 
confirmed by surgery in 19 patients and by re-examination 
after 6 and 12 mo in all other patients with suspect chronic 
pancreatitis.
Conventional B-mode and power Doppler scanning
Adequate visualisation of  the pancreas and the suspected 
lesion could be achieved in all patients. The diagnosis was 

confirmed by conventional B-mode and power Doppler 
endoscopic ultrasound in 41 of  56 patients using more 
then 2 of  the previously described 3 B-mode ultrasound 
criteria for malignant lesions. The sensitivity was 73.2%. 
The diagnosis was confirmed in absence of  the mentioned 
criteria in 25 of  30 patients with focal chronic pancreatitis. 
The specificity was 83.3%. However, these results were 
comparable to other reports[8]. The findings are shown in 
(Table 2). 

Contrast-enhanced power Doppler scanning
The main criteria for malignant lesions were the complete 
absence of  venous vessels by using power Doppler in 
combination with pw-Doppler examination of  the lesion 
within 3 min after contrast enhancer application. The 
quality of  imaging was acceptable if  the time was long 
enough to scan all visible vessels by pw-Doppler. In this 
study, application of  the contrast enhancer SonoVue had 
to be repeated in 4 patients to achieve adequate image 
quality. In addition, using the criteria of  Becker et al [13], 
hypervascularity was observed in the area of  interest in 
26 patients and hypovascularity in 4 patients with chronic 
pancreatitis (specificity 86.6%). Hypervascularity was 
observed in 10 patients and hypoperfusion in 46 patients 
pancreatic carcinoma (sensitivity 82.1%). 

The diagnosis was confirmed in 51 of  56 patients with 
pancreatic carcinoma using the main criteria of  malignant 
vascularisation with a sensitivity of  91.1%. The diagnosis 
was confirmed in 28 of  30 patients with focal chronic 
pancreatitis using the criteria of  benign vascularisation with 
a specificity of  93.3%. The results are shown in Figure 1. 
Typical endoscopic ultrasound images after injection of  
contrast enhancer SonoVue in power Doppler mode are 
demonstrated in Figures 2 and 3. 

DISCUSSION
Contrast-enhanced techniques provide information on 
vascularity and blood flow in normal and pathological tis-
sues. The use of  2nd generation contrast agents in combi-
nation with low mechanical index techniques can improve 
the transabdominal application of  contrast-enhanced tech-
niques allowing real-time imaging with or without three di-
mensional reconstruction. In contrast to the frequently ap-
plied transabdominal technique[20,21] there are only a few re-
ports on contrast-enhanced endoscopic ultrasound[13 ,22-24]. 
Endoscopic ultrasound has been widely used in the past 20 
years while real time contrast using low mechanical index 
(MI) is still restricted to the transabdominal application. 
In the present study, we showed that contrast-enhanced 
power Doppler ultrasonography in combination with 
power Doppler analysis could improve the differentiation 
between malignancy and chronic panreatitis. 

The pressure inside ductal adenocarcinoma of  the pan-

Pancreatic 
carcinoma

Chronic
pancreatitis

Good quality
 of imaging         56        30

Localization Head         35        25
Corpus         12           4
Tail           9          1

Size (cm –SD)          3.8 (1.09)          3.02 (0.94)
Echogeneicity Hypoechoic        41          3

Mixed echoic        15        27
Borders Clear        15        25

Irregular        41          5
Structure Irregular        41          5

Regular        15        25
Ducts Dilated        39          6

Not dilated        17        24
Lymphnodes Visible        15          4

Not present        41        26
Invasion Visible        23          0

Not visible        33        30

Table 2 Endoscopic findings in B-mode ultrasound in 
patients with pancreatic carcinoma and focal chronic 
pancreatitis

Table 1	 Endosonographic criteria for differentiation between malignant and benign diseases

Kind of lesion			                                                                                                                                                                                                          
                                                          

Pancreatic cancer	    No visible vascularisation	          Only arterial vessels  	                                      Irregular, chaotic  vessels
Focal pancreatitis	    Nearly no visible vascularisation       Both arterial and venous vessels in the lesion          Regular with no changing diameter

Arterial or venous vessels in the lesion 
using continuous duplex  scanning

Ve s s e l  a r ch i t e c t u r e  u s i n g 
conventional power mode 

Vessel architecture using contrast-
enhanced power mode
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creas is higher due to surrounding fibrous tissues, which 
could explain the observed phenomenon that only arterial 
signals can be displayed in patients with malignancy with 
contrast-enhanced Doppler techniques, whereas both arte-
rial and venous signals can be displayed in patients with 
chronic pancreatitis.

We rarely observed detectable vascularity and irregular 
vessel architecture in almost all patients with pancreatic 
carcinoma after application of  the contrast-enhancing 
agent SonoVue. However, both venous and arterial ves-
sels were detectable in benign lesions. In contrast, only ar-
terial vessels were observed in malignant lesions. The sen-
sitivity in the discrimination between benign and malignant 
pancreatic lesions increased from 73.2% by endoscopic 
ultrasound to 91.1% using contrast-enhanced power Dop-
pler ultrasound combination with power Doppler endo-
scopic ultrasound. In addition, the specificity increased 
from 83.3% to 93.3%. The analysis of  contrast enhancing 
vessels in the pancreatic masses by power Doppler ultra-
sound in combination with power-Doppler endoscopic 
ultrasound is superior to the analysis of  the intensity of  
vascularisation by power Doppler ultrasound only as dem-
onstrated by Becker et al [13].

The different vessel structures in malignant tissue are 
in accordance with a recently published study analysing the 

architecture of  vessels in pancreatic carcinoma in rats[25]. 
However, Weskott et al [26] reported that venous vessels are 
rarely found in malignant lymph nodes.

B h u t a n i e t a l [ 9 ] h ave o b s e r ve d a n e f f e c t o f  
Levovist imaging on abdominal vessels in pigs. In 1998, 
Hirooka et al [22] demonstrated that lesions in gallbladder and 
pancreas can be visualized using the contrast enhancer 
Albunex , focal pancreatitis and pancreatic carcinoma can 
be differentiated by analysing the contrast enhancement. 
They also reported that patients with focal chronic 
pancreatitis reveal enhancement whereas patients with 
pancreatic carcinoma have no enhancement[23].

Recently, Nomura et al [24] showed that improved staging 
of  oesophageal and gastric cancer after application of  an 
ultrasound contrast enhancer leads to better visualisation 
of  the gut layers. Up to now there is only one study using 
contrast-enhanced endoscopic ultrasound with a 2nd 
generation contrast agent[13]. Rickes et al [27] have reported a 
similar finding. 

In addition to their observations, we observed 
contrast enhancement of  the 2nd generation contrast 
agent SonoV u  e in both benign and malignant pancreatic 
lesions. To confirm our results we used endosonography-
guided fine needle aspiration of  the lesions. Endoscopic 
ultrasound-guided fine needle aspiration has become a 
highly valuable technique for acquisition of  cytologic 
specimens in pancreatic diseases in the last 10 years. False-
positive EUS-FNA cytologies do occur but seldom[28] 
in large series of  EUS-FNA for pancreatic masses. 
EUS-FNA provides a cytologic diagnosis of  80%-94% 
malignancies[29-32].

In our study, the successful rate was 90% (successful 
fine needle aspiration of  pancreatic masses in 86 of  96 
patients), which is in accordance with the literature. The 
22 G fine needle aspiration system allowed histological 
examination of  the specimens in 8% of  the cases. Up 
to now no patient with chronic pancreatitis developed 
pancreatic cancer during the 12-mo follow-up. The 
cytological results could be confirmed in all the 19 patients 
undergone surgery.

The method is limited by hindered passage through the 
pylorus and depth of  penetration. As all the new methods 
are concerned, a certain training factor has to be taken into 
account since a steady and targeted transducer manipula-
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Figure 1  Endoscopic ultrasound image of chronic panreatitis. Regular 
vascularisation is shown with detection of venous vessels using contrast-enhanced 
power Doppler scanning in combination with power Doppler.

Figure 2  Endoscopic ultrasound image of ductal adenocarcinoma of the 
pancreas. Irregular vascularisation is shown with detection of only arterial and no 
venous vessels using contrast-enhanced power Doppler scanning in combination 
with pw-Doppler.
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Figure 3  Results of contrast-enhanced endoscopic ultrasound in differentiation 
between pancreatic carcinoma and focal pancreatitis.
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tion is the prerequisite for optimal image documentation. 
Sometimes, severe lipomatosis of  pancreas reduces image 
quality. It must be mentioned that the best results can be 
achieved using the present method. For equal results in 
modern sonographic systems, changes in the pre-settings 
of  colour Doppler are required. 

To date, ultrasonography is the most commonly used 
imaging modality in many countries. The advantages of  
endoscopic ultrasound (e.g. lack of  radiation exposure, rel-
atively low cost) are countered by its operator-dependency. 
Endoscopic ultrasound using contrast- enhancing agents 
may improve our understanding of  the morphologic imag-
ing methods through additional analyses of  the functional 
criteria like perfusion with better characterization of  tu-
mours, lymph node staging and organ infiltration. The im-
proved image (video) documentation enhances confidence 
in the method. 

In conclusion, contrast-enhanced endoscopic ultra-
sound improves the differentiation between chronic pan-
creatitis and pancreatic carcinoma and seems to be a useful 
method in clinical practice. 
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