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Abstract
AIM: To evaluate the usefulness of contrast-enhanced 
harmonic endoscopic ultrasound (CH-EUS) in differen-
tiating between pancreatic adenocarcinomas and other 
pancreatic disease.

METHODS: This retrospective cohort study evaluated 
90 patients who were seen between November 2010 
and May 2013. All these patients had solid pancreatic 
masses that had a hypoechoic appearance on EUS. All 
patients underwent CH-EUS to evaluate this diagnostic 
method’s usefulness. The mass lesions observed on 
CH-EUS were classified into three categories based on 
their echo intensity: hypoenhanced, isoenhanced, and 
hyperenhanced lesions. We adjusted the sensitivity 
and the specificity of each category for detecting ma-
lignancies. We also estimated the accuracy of CH-EUS 
by comparing it to a pathological diagnosis.

RESULTS: Of the 90 patients, 62 had a pancreatic ad-

enocarcinoma. Fifty-seven out of 62 pancreatic adeno-
carcinomas showed a hypoenhanced pattern on CH-
EUS. The sensitivity was 92%, the specificity 68% and 
the accuracy approximately 82%. The area under the 
curve of the receiver operating characteristic analysis 
for CH-EUS was 0.799. There is a significant associa-
tion between the hypoenhanced pattern on CH-EUS 
and pancreatic duct adenocarcinoma (χ 2 = 35.264, P 
< 0.001). In pathological examinations, the number of 
specimens for EUS-fine needle aspiration (EUS-FNA) 
was considered insufficient for diagnosis in three pa-
tients, and in two patients, the results were reported 
to be negative for malignancy. Pancreatic masses in 
all five patients revealed a hypoenhanced pattern with 
CH-EUS. Three patients were diagnosed with pancreat-
ic adenocarcinoma based on the pathology results of a 
biopsy, and the remaining two patients were clinically 
diagnosed with malignancy.

CONCLUSION: CH-EUS is useful for distinguishing be-
tween pancreatic adenocarcinoma and other pancreatic 
disease. When a pancreatic mass shows a hypoenhanced 
pattern on CH-EUS but involves either insufficient sam-
ples or negative results with EUS-FNA, clinicians might 
consider performing another pathologic diagnosis on the 
basis of an EUS-FNA sample or a biopsy.

© 2014 Baishideng Publishing Group Co., Limited. All rights 
reserved.

Key words: Pancreas neoplasm; Endoscopic ultrasound; 
SonoVue; Contrast media; Microbubbles

Core tip: This is a retrospective study of 90 patients 
with a pancreatic hypoechoic masses. We found that 
contrast-enhanced harmonic endoscopic ultrasound 
(CH-EUS) can be used for distinguishing between pan-
creatic adenocarcinoma (n  = 62) and other pancreatic 
disease based on the hypoenhanced pattern on CH-
EUS. When considering pancreatic adenocarcinomas as 
a tumor with a hypoenhanced pattern in CH-EUS and/
or showing a positive result in EUS-fine needle aspira-
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tion, the sensitivity of detecting pancreatic malignancy 
increased to 100%.
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INTRODUCTION
Endoscopic ultrasonography (EUS) is widely recognized 
as a diagnostic tool for pancreatic diseases and is supe-
rior to other modalities because of  its good spatial reso-
lution[1-3]. Tissue sample acquisition through EUS-guided 
fine-needle aspiration (EUS-FNA) could offer a clearer 
diagnosis of  a pancreatic lesion[4]. However, differen-
tiation between pancreatic tumors and inflammatory 
tumor-like masses is difficult[5]. Contrast-enhanced har-
monic endoscopic ultrasonography (CH-EUS) is a novel 
technology that reveals not only parenchymal perfusion 
but also the microvasculature in the pancreas and aids 
in the differentiation of  pancreatic neoplasia from other 
pancreatic disease[6,7]. Hirroka et al[8] described this new 
method with a preliminary study in 37 patients with pan-
creatic disease. This study showed that EUS-enhanced 
imagery is useful for the diagnosis of  pancreatic disease. 
However, CH-EUS assessments suffered from the limi-
tations caused by blooming artifacts, poor spatial resolu-
tion, and low sensitivity to slow flow[5,9]. To overcome 
these limitations, CH-EUS with a second-generation 
ultrasound contrast agent was recently developed. The 
second-generation contrast included a microbubble 
agent that can achieve good-quality perfusion imaging 
with harmonic EUS for evaluating the microvasculature 
of  target lesions[10,11]. Therefore, we evaluated the ef-
ficacy of  CH-EUS with a second-generation ultrasound 
contrast agent for assessing solid masses in the pancreas. 
We also estimated the role of  CH-EUS as an additional 
diagnostic method for EUS in pancreatic neoplasia, 
which is difficult to confirm histologically. Furthermore, 
we tried to compare the sensitivity and the specificity of  
CH-EUS and EUS-FNA in the diagnosis of  pancreatic 
neoplasia. 

MATERIALS AND METHODS
Patients and equipment
We conducted a retrospective cohort study of  90 pa-
tients who presented with pancreatic masses and were 
seen at our facility from November 2010 to May 2013. 
These masses were heterogeneous and hypoechoic. 
Patients underwent CH-EUS to ascertain the character 
of  the mass at the INHA University Hospital. A patho-
logical examination was performed using EUS-FNA 

samples or on biopsy samples when malignancy was 
suspected. If  the pancreatic mass was suspected to be 
either a benign or malignant neoplasia but was impos-
sible to get a pathologic diagnosis of  due to the location 
of  mass or the inability to obtain specimens with EUS-
FNA, the clinical course was tracked until a diagnosis 
could be confirmed. If  a patient could not receive a 
proper pathologic diagnosis and was not tracked further, 
then the patient was excluded from this study. We also 
excluded patients if  the mass was clearly revealed as a 
cystic lesion. Examination of  the pancreas by conven-
tional EUS and CH-EUS was performed by one endo-
sonographer, Kim HK, who had conducted more than 
8000 EUS procedures. An echoendoscope developed for 
CH-EUS (GF-UE260-AL5; Olympus Medical systems 
Co Ltd, Tokyo, Japan) was used. Ultrasound images were 
analyzed using an ALOKA Prosound Alpha10 processor 
(ALOKA, Tokyo, Japan). All images were analyzed and 
reviewed by one endosonographer. The extended pure 
harmonic detection (E-PHD) mode, which synthesizes 
receiving frequencies of  filtered fundamental and second 
harmonic components with a transmitting frequency of  
8 MHZ, was used for CH-EUS. The ultrasound contrast 
agent, Sonovue (Bracco international BV, Amsterdam, 
the Netherlands), was used for CH-EUS. This agent is 
a second-generation ultrasound contrast agent, consist-
ing of  microbubbles of  sulfur hexafluoride coated with 
phospholipids.

Study design
Conventional EUS was performed on all patients. When 
conventional EUS revealed a mass-like lesion, the imaging 
mode was changed to the E-PHD mode. After chang-
ing to the E-PHD mode, a bolus of  2.4 mL of  Sonovue 
was injected at a speed of  1 mL/s through an 18-gauge 
cannula placed in the antecubital vein. After infusion, the 
pancreas was imaged in a real-time fashion for a minimum 
of  90 s for complete observation of  the arterial and ve-
nous phases. We observed changes of  echo intensity in 
the mass lesions. If  the pancreatic mass was not diagnosed 
with the first administration of  Sonovue, a second dose 
of  2.4 mL Sonovue was administrated. The mass lesions 
were classified into three categories based on their echo 
intensity: hypoenhanced, isoenhanced, and hyperenhanced 
lesions[12]. This classification was based on the intensity 
of  enhancement relative to the surrounding pancreatic 
tissue. Hypoenhancement is defined as a lower intensity 
of  enhancement relative to the surrounding pancreatic 
tissue. Isoenhancement is defined as a similar intensity of  
enhancement relative to the surrounding pancreatic tis-
sue. Hyperenhancement is defined as a higher intensity of  
enhancement relative to the surrounding pancreatic tissue 
(Figure 1). We interpreted the lesion following a modified 
classification of  contrast-enhanced harmonic imaging of  
the pancreas by transabdominal ultrasound[12-14]. Adeno-
carcinomas usually have a distinct hypovascular appear-
ance and are usually defined as lesions with hypoenhance-
ment. The sensitivity and specificity of  CH-EUS in diag-
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nosing pancreatic adenocarcinoma were assessed. We also 
estimated the accuracy of  CH-EUS in comparison with a 
pathologic diagnosis. To obtain specimens of  the pancre-
atic mass, EUS-FNA was used initially. If  specimen acqui-
sition using EUS failed, pathological diagnoses were de-
termined from a biopsy of  a metastatic lesion from tissue 
such as the liver or the ampulla of  Vater (hepatopancreatic 
ampulla). In one patient, a final diagnosis was made by a 
pathological examination of  the patient’s abdominal effu-
sion. When we did not get a proper specimen to confirm 
pancreatic disease, we traced the clinical course of  patients 
until we could confirm the diagnosis of  the disease.

Ethics statement
The study protocol and amendments were approved by 
the Institutional Review Boards at our hospital (IUH-IRB 
13-100).

Statistical analysis
All statistical analyses were performed using a statistical 
software package (SPSS 11.5 for Windows, SPSS, Inc, Chi-
cago, IL, United States). Cross-tabular analyses were per-
formed, accompanied by the chi-square test. Receiver oper-
ating characteristic analysis was performed to estimate the 
diagnostic accuracy of  CH-EUS in pancreatic adenocarci-
noma. The area under the curve (AUC) was calculated and 
the 95% confidence intervals (95%CI) were determined.

RESULTS
The sampling frame included 112 patients, and 22 pa-
tients who did not have a histological diagnosis were ex-
cluded. Sixteen of  the 22 patients were lost to follow-ups. 
The remaining six patients had pancreatic masses accom-
panied with neoplasia originating at other sites, making it 
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Figure 1  Conventional endoscopic ultrasonography (left) and contrast-enhanced harmonic endoscopic ultrasonography (right). These pictures showed a 
typical example of a hypoenhancement pattern (A), an isoenhancement pattern (B), and hyperenhancement pattern (C). 
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difficult to assess whether the pancreatic mass was meta-
static or of  pancreatic origin. This left 90 patients with a 
pancreatic mass who were enrolled. The median age of  
the study subjects was 63.5 years (range, 19-86 years) and 
the male:female ratio was about 2:1 (62:28 cases). The 
final diagnoses based on histological findings with EUS-
FNA or surgical resection were pancreatic adenocarcino-
ma (n = 62), pancreatitis (n = 19), neuroendocrine tumor 
(n = 3), solid pseudopapillary tumor (n = 1), anaplastic 
carcinoma (n = 1), diffuse large B cell lymphoma (n = 1), 
and Castleman’s disease (n = 1). The clinically diagnosed 
malignancies applied to two cases in which EUS-FNA 
results were unsatisfactory or where insufficient speci-
mens were obtained. Clinically diagnosed malignancy 
was defined as the pancreatic mass showing suspected 
malignancy in EUS on the basis of  the echogenicity and 
morphology, or increasing tumor size during the tracking 
period. Positron emission tomography-computed tomog-
raphy was performed in these patients and all pancreatic 
masses yielded positive results using this technique. These 
patients did not survive longer than 6 months after find-
ing the pancreatic masses.

Of  the 62 pancreatic ductal adenocarcinomas, 57 
had a hypoenhanced pattern in CH-EUS. Two cases had 
isoenhanced patterns, and three cases had hyperenhanced 
patterns. Hypoenhanced patterns in CH-EUS had a high 
sensitivity (91.93%) for detecting pancreatic adenocar-
cinomas. The positive predictive value was 86.36%, the 
negative predictive value 79.16%, the specificity 67.85%, 
and the accuracy 84.45%. The AUC for pancreatic ade-
nocarcinoma detected by hypoenhanced patterns on CH-
EUS was 0.799. There is a significant association between 
hypoenhanced patterns on CH-EUS and pancreatic duct 
adenocarcinomas (χ 2 = 35.264, P < 0.001). In contrast, 
pancreatitis comprised a large proportion of  hyperen-
hanced pancreatic masses in CH-EUS (8/16). Two neu-
roendocrine tumors and three pancreatic adenocarcino-
mas were found to have a hyperenhanced pattern (Table 
1). Five of  the patients with pancreatic neoplasia could 
not be diagnosed with pancreatic neoplasia by EUS-FNA. 

Diagnoses could not be made in three of  the patients 
due to insufficient samples. Two patients showed nega-
tive results in EUS-FNA. Three patients were diagnosed 
with a pancreatic adenocarcinoma by surgical resection. 
Two patients were diagnosed with pancreatic malignancy 
after a clinical follow-up. Interestingly, all of  them had a 
hypoenhanced pattern on CH-EUS. Fifty-eight out of  
90 patients underwent EUS-FNA. The sensitivity of  the 
EUS-FNA in these 58 patients was 90.19% and the speci-
ficity 100%. When we assumed that pancreatic adenocar-
cinomas were the tumors with hypoenhanced patterns 
on CH-EUS and/or a positive result with EUS-FNA, the 
sensitivity with which pancreatic adenocarcinomas was 
diagnosed was 100% and the specificity 85.71% (Figure 2).

DISCUSSION
Pancreatic adenocarcinomas comprise over 90% of  pan-
creatic tumors[15]. Pancreatic adenocarcinomas appear as 
heterogeneous hypoechoic masses with irregular mar-
gins on EUS[16]. The sensitivity of  detecting pancreatic 
adenocarcinomas is 89%-100% in conventional EUS[17]. 
However, distinguishing pancreatic adenocarcinoma and 
benign disease such as a focal pancreatitis only on the 
basis of  these EUS findings is difficult because both 
have similar morphology and echogenicity. In this situa-
tion, CH-EUS is useful to characterize pancreatic masses. 
When microbubbles in contrast agents are hit by an ultra-
sonic wave, the vibration creates a back-scattered acoustic 
shadow. The shadow is reproduced as an opacification. 
Vascular structures are highlighted as hyperechoic[4]. 
Thus, CH-EUS is able to evaluate the microvasculature 
of  target lesions and parenchymal perfusion and can 
distinguish pancreatic neoplasia from benign pancreatic 
diseases[4,18]. According to Napoleon et al[19], CH-EUS can 
diagnose pancreatic adenocarcinoma with a high sensitiv-
ity (88%). Kitano et al[12] reported a similar result recently. 
They studied 277 patients with pancreatic solid lesions 
detected by conventional EUS who underwent CH-EUS 
for evaluation of  the vascularity. CH-EUS depicted hy-
poenhancement of  the masses diagnosed as pancreatic 
carcinomas with a sensitivity of  95.1% and specificity 
of  89.0%. Moreover, the microbubbles, which consists 
of  gases other than air, in second-generation ultrasound 
contrast agents can be oscillated or broken by lower 
acoustic power[20-22]. Because of  this, microvessels and pa-
renchymal perfusion can be visualized to a greater extent 
than that achieved with CH-EUS using first-generation 
contrast agents, which have microbubbles of  air[14,23,24]. 
According to a recent study, the sensitivity and specific-
ity of  CH-EUS with second-generation contrast agents 
in detection of  pancreatic adenocarcinoma were 94% 
and 89%, respectively[20]. In the present study, when the 
pancreatic adenocarcinoma appeared as a mass with hy-
poenhancement on CH-EUS, the sensitivity was 91.93%, 
positive predictive value was 86.36%, negative predictive 
value 79.16%, specificity 67.85%, and accuracy 84.45%. 
Furthermore, there is a significant association between 
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Figure 2  Receiver operating characteristic curve. Hypoenhancement pat-
tern, determined by contrast-enhanced harmonic endoscopic ultrasonography, 
was calculated to diagnose pancreatic adenocarcinoma with the area under the 
receiver operating characteristic (ROC) curve of 0.799.
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Table 1  The vascular patterns of each pancreatic disease in contrast-enhanced harmonic endoscopic ultrasonography

the hypo-enhancement pattern and pancreatic adeno-
carcinoma. Generally, pancreatic adenocarcinoma is 
regarded as a pancreatic mass showing a hypoenhance-
ment pattern in CH-EUS. The reason why pancreatic 
cancer shows a hypoenhancement pattern on CH-EUS 
is that pancreatic cancer has a hypovascular structure 
and the mean vascular density of  pancreatic adenocar-
cinoma is low and often inferior to that of  the normal 
pancreatic parenchyma[25]. In addition, on pathological 
examination, the adenocarcinoma is characterized by the 
presence of  marked desmoplasia, which justifies its hard 
consistency[26]. Because of  these characteristics, the mar-
gins and size of  the lesion are distinguished well with the 
surrounding enhanced normal pancreatic tissue[27]. In ad-
dition, microbubbles adopted in second-generation con-
trast agents do not leak out from blood vessels and the 
pancreatic adenocarcinoma is increasingly demarcated 
as a hypoenhanced lesion. Fusaroli et al[28] also reported 
that the hypoenhanced pancreatic mass is very sensitive 
and accurate for the prediction of  adenocarcinoma (96% 
and 82%, respectively). This result was supported by 
our results. Therefore, we recommend that CH-EUS be 
performed upon pancreatic masses when it is difficult to 
distinguish pancreatic adenocarcinoma from other pan-
creatic diseases. It would be a helpful tool for diagnosis 
of  pancreatic adenocarcinoma. 

Although the sensitivity of  EUS for pancreatic adeno-
carcinoma detection is very high, the diagnostic specific-
ity is only 53%[29]. EUS-FNA is useful to overcome this 
specificity. The sensitivity of  EUS-FNA for solid pan-
creatic masses reaches 95% with a specificity of  100%[30]. 
However, despite these advantages, negative EUS-FNA 
findings sometimes do not help determine whether a 
pancreatic mass requires surgery or follow-up, because 
of  the possibility of  false-negative findings.

In the course of  Kitano’s study[12], there were five cases 
with false-negative EUS-FNA findings, but all these cases 
showed hypoenhancement patterns in CH-EUS. Like-
wise, five pancreatic malignancies in our study were not 
diagnosed as pathological malignancy with EUS-FNA. 
Interestingly, all those pancreatic masses showed hy-
poenhancement patterns using CH-EUS. All these mass-
es were finally diagnosed as malignant through pathol-
ogy results following surgical resection or clinical follow-
up. When considering pancreatic adenocarcinomas as a 
tumor with a hypoenhancement pattern using CH-EUS 
and/or a positive result in EUS-FNA, the sensitivity of  
detecting pancreatic malignancy is increased to 100%.

Therefore, if  CH-EUS reveals a hypoenhancement 
pattern in a pancreatic mass that showed negative or incon-

clusive results in EUS-FNA diagnostics, we recommend 
performing a pathological diagnosis again using EUS-FNA. 
If  a second pathological diagnosis is impossible, we recom-
mend observation of  the clinical course to avoid missing a 
malignancy.

There were three cases of  neuroendocrine tumors in 
our study. Two out of  the three neuroendocrine tumors 
had hyperenhancement patterns, and the third had an 
isoenhancement pattern. Our result supported the finding 
that neuroendocrine tumors are hypervascular lesions us-
ing CH-EUS techniques with a sensitivity of  79%[12]. We 
surmise that the reason for isoenhancement patterns in 
neuroendocrine tumors is that the size of  the tumor was 
too large (3.9 cm × 3.5 cm) to be accompanied by necro-
sis. Therefore, vascular structure was not visible on CH-
EUS, and the mass was misinterpreted as an isoenhance-
ment pattern. However, neuroendocrine tumors were too 
few to analyze in this study. Further studies with more 
patients are therefore required to investigate the character-
istic features of  neuroendocrine tumors using CH-EUS, 
and to estimate the diagnostic abilities of  CH-EUS.

Our study has a few limitations. As our study is a ret-
rospective single center study, selection bias is a possible 
problem. Secondly, the number of  enrolled patients was 
too small to form a definite conclusion. Although our 
results were similar to those of  other recent studies, and 
our study showed the possibilities of  the use of  CH-EUS 
for differential diagnoses in pancreatic disease, a large pro-
spective study is required to reach a definite conclusion. 
Thirdly, our entire study was performed and reviewed by a 
single endoscopist. As a result, interpretation errors might 
be present in our study. In our study, the sensitivity and 
specificity of  CH-EUS for detecting pancreatic adenocar-
cinoma were lower than those of  the other studies[13,19,31]. 
We believe that these results are related to interpretation 
errors.

In conclusion, CH-EUS is a useful tool for the detec-
tion of  pancreatic adenocarcinoma and differentiation 
between pancreatic malignancies and other pancreatic 
benign diseases. However, due to its low specificity, CH-
EUS cannot be an alternative tool of  EUS-FNA, which is 
used in the definitive diagnosis of  pancreatic cancer. We 
recommend that a pathological diagnosis be performed 
on the lesion to reveal the hypoenhancement pattern in 
CH-EUS to avoid missing a malignancy.

COMMENTS
Background
One of the most important and challenging tasks of pancreatic endoscopic ul-
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Total Adenocarcinoma Neuroendocrine tumor Clinically diagnosed malignancy Pancreatitis Others

Hypoenhancement 66 57 1 2   6 0
Isoenhancement   8   2 0 0   5 1
Hyperenhancement 16   3 2 0   8 3
Total 62 3 2 19 4
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trasound is differentiation between pancreatic tumors and inflammatory tumor-
like masses. Contrast-enhanced harmonic endoscopic ultrasonography (CH-
EUS) is reported to improve diagnosis of pancreatic cancers. Nevertheless, CH-
EUS suffers from limitations such as blooming artifacts, poor spatial resolution, 
and low sensitivity to slow flow. To overcome these, CH-EUS with a second-
generation ultrasound contrast agent was recently developed.
Research frontiers
The microbubbles in the second-generation ultrasound contrast agent have a 
distinctive structure in comparison with those in first-generation agents. The 
microbubbles consist of gases other than air. Because of this, the microbubble 
can be oscillated or broken by lower acoustic power, allowing microvessels and 
parenchymal perfusion to be visualized to a greater extent than that achieved in 
CH-EUS with first-generation agents.
Innovations and breakthroughs
In the current study, CH-EUS was a very effective diagnostic tool for detection 
of pancreatic adenocarcinoma with the 92% sensitivity, 68% specificity, and 
82% accuracy. This result is very similar with the results of previous reports. 
However, our result has a unique significance: it indicates the role of CH-EUS 
as an additional diagnostic tool for pancreatic adenocarcinoma. Five patients 
with suspected pancreatic cancer revealed hypoenhancement patterns in CH-
EUS, but their diagnosis failed in the pathologic examination results of EUS-
fine needle aspiration (EUS-FNA). As a result, three patients were diagnosed 
with pancreatic adenocarcinoma after surgical resection, and the remaining two 
patients were clinically diagnosed with malignancy. 
Applications 
This study suggested that CH-EUS is useful for distinction between pancreatic 
adenocarcinoma and other pancreatic disease and if the pancreatic mass 
reveals a hypoenhancement pattern in CH-EUS with negative results or insuf-
ficient samples in EUS-FNA, clinicians might consider performing a pathologic 
diagnosis again with EUS-FNA or surgical resection.
Terminology
Clinically diagnosed malignancy was defined if the pancreatic mass showed 
suspected malignancy in EUS on the basis of the echogenicity and morphol-
ogy, or an increasing tumor size during the tracking period. Positron emission 
tomography-computed tomography was performed and all pancreatic masses 
in these patients yielded positive results in this examination. These patients did 
not survive longer than 6 mo after identification of the pancreatic masses.
Peer review
This is a good retrospective study in which the authors analyzed the efficacy of 
CH-EUS in diagnosis of pancreatic cancer. The result shows CH-EUS has the 
ability to distinguish pancreatic cancer from other pancreatic benign lesions and 
suggests that the presence of lesions showing a hypoenhancement pattern in 
CH-EUS may indicate pancreatic cancer.
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