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Abstract
Aims. The aim of this study was to evaluate the 

leading causes of discrepancies between imaging studies 
[contrast enhanced ultrasound (CEUS) and contrast 
enhanced computer tomography (CECT)] diagnosis 
and histology in patients presenting to a tertiary referral 
center with previously detected pancreatic masses by 
standard abdominal ultrasound. Methods. We performed a 
prospective longitudinal observational study on 76 patients 
with pancreatic masses: 57 (75%) patients with solid 
pancreatic tumors and 19 (25%) patients with cystic and 
mixed pancreatic masses. For each tumor the CEUS and 
CECT features were analyzed  and compared with the final 
histological diagnosis. Results. Testing the performance 
of CEUS and CECT in evaluating the benign or malignant 
etiology of pancreatic masses, we obtained a probability 
of 82% for CEUS and of 83% for CECT, for a randomly 
selected individual from the pancreatic tumor group to have 
an imaging result indicating suspicion for malignancy. We 
obtained discordances with the histopathological diagnosis in 
25 (32.89%) patients for CEUS and in 23 (30.26%) patients 
for CECT. In multiple regression analysis, two variables 
independently influenced the discordance between the two 
imaging methods and histological conclusion: enhancement 
pattern and tumor nature (solid vs. cystic). Conclusions.
CEUS and CECT showed a good diagnostic performance 
in differentiating benign from malignant pancreatic tumors. 
Enhancement pattern and tumor nature (solid vs. cystic) are 
independent confounders between imaging and histological 
diagnosis.
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Introduction
More and more symptomatic and asymptomatic pancreatic 

lesions are being detected due to recent advancement of 
imaging technology. Differentiation between benign and 
malignant is crucial since for malignant lesions, surgical 
resection offers the best chance at long-term survival. In 
order to avoid unnecessary laparotomies, still associated 
with a high mortality rate, the characterization of pancreatic 
masses and tumor staging based on imaging modalities is 
mandatory, but still a challenging approach. Ultrasound is 
often the initial modality for imaging the pancreas as it is 
inexpensive, easy to perform, and widely available [1]. Both 
unenhanced and enhanced Doppler evaluation of pancreatic 
masses have been studied and proposed in order to provide 
a better characterization of solid and cystic lesions [2], but 
there are too many similarities between different pathologic 
entities to consider Doppler examination alone as a method of 
choice. Contrast enhanced ultrasound (CEUS) demonstrated 
a good performance for detection and characterization 
of solid pancreatic lesions using both a transabdominal 
[3,4] and an endoscopic [5] approach. Qualitative CEUS 
enhancement patterns of pancreatic lesions are described in 
the literature [7-11]. Qualitative analysis during examination 
(which is the standard way to interpret CEUS examinations) 
is often subjective. Since qualitative analysis is subjective, 
quantification software has been developed. Therefore the 
use of quantification software for the characterization of 
both cystic and solid pancreatic lesions during CEUS study 
has been suggested [12, 13]. Contrast enhanced ultrasound 
also proved useful in evaluating chemotherapy efficacy [14-
16]. All recently published studies argue in favor of CEUS 
characterization of pancreatic adenocarcinoma, some of 
them showing similar or even superior results compared 
with contrast enhanced computed tomography (CECT) 
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[17, 18]. According to guidelines, CEUS provides specific 
information  regarding  pancreatic focal lesions: depiction 
of the dimensions and margins of the lesion including its 
relationship with adjacent vessels, characterization of focal 
pancreatic lesions (especially ductal adenocarcinoma, 
neuroendocrine tumor), differential diagnosis between 
pseudocysts and cystic pancreatic tumors and differentiation 
of the vascular (solid) or avascular (liquid/necrotic) 
components of the lesions [19]. For CEUS on non-hepatic 
applications, an update has been published recently [20]. 
Relevant additional information to previously published 
guidelines is the use of CEUS in cases that are indeterminate 
on CT (vascularisation of solid pancreatic lesions; 
differential diagnosis between pseudocysts and pancreatic 
cystic tumours, especially mucinous cystic tumour). Because 
of its accessibility and its ability to perform a rapid scan 
of the whole abdomen and pelvis, CECT remains in many 
diagnostic centers the main imaging modality of patients 
with suspicion of pancreatic cancer. 

The aim of this study was to evaluate causes leading 
to discrepancies between CEUS and CECT diagnosis 
and histology in patients presenting to the hospital with 
previously detected pancreatic masses by standard abdominal 
ultrasound.

Material and Methods
Patients
Over a period of three years (from March 2009 to February 

2012) we prospectively evaluated by means of CEUS and 
CECT 81 patients with previously ultrasonographic detected 
pancreatic masses. Inclusion criteria were pancreatic masses 
of any type (solid, mixed or cystic) and any size previously 
detected by basic ultrasound. We obtained written informed 
consent and the approval of the Hospital Ethics Committee 
in order to perform the study, in full accordance with the 
Declaration of Human Rights (Helsinki, 1975) and with its 
further revisions (2000 revision – Edinburgh). 

Patients’ demographic characteristics were assessed 
by administering a written questionnaire. In all patients, 
a cytological or histological diagnosis was obtained by 
endoscopic ultrasonography guided fine-needle aspiration 
(EUS-FNA) using a 22G needle (53 patients), hepatic 
metastases biopsies (2 cases) or from other tissues (lymph 
nodes, 2 cases) or surgical pancreatic resection (19 patients). 
The final study group included 76 patients. In patients with 
benign cytology or histology a follow-up examination 
during a period of at least one year was documented as 
well (simple cysts, pseudocysts and chronic pancreatitis). 
All patients underwent hematological, biochemical and 
imaging investigations within 3 weeks after their consent 
to participate in the study and blood tests were assessed in 
all patients. Clinical and laboratory examinations as well as 
endoscopic ultrasound were performed as part of the clinical 
work-up in all patients, in some cases also MRI (not for the 
purpose of this study). The exclusion criteria were: allergy to 
the i.v. contrast agent (SonoVue or iodinated contrast agents, 

not encountered), inadequate ultrasound quality (2 cases), 
inadequate CECT quality (patient with biliopancreatic stent 
– 1 case) and tumors proven to be with extrapancreatic 
location (2 patients).

ultrasound examination 
Patients with pancreatic masses previously detected by 

ultrasound in our outpatient department were reexamined 
in gray-scale ultrasound, Color Doppler ultrasound and at 
CEUS (by RB, who had previously performed more than 
500 CEUS examinations) using a GE Logiq 7 ultrasound 
system, equipped with the 1.5-5 MHz transducer. CEUS 
investigation was made at a low acoustic power (mechanical 
index < 0.12), after injecting 1.6 ml of a second generation 
contrast agent, SonoVue (Bracco, Milano, Italy) and 10 
ml saline solution. During the examination we used GE 
Logiq 7’s contrast software, in Pulse-inversion mode. 
The examination was dynamic, monitoring the pancreatic 
area of interest in arterial, portal and late parenchymal 
phases. The information was saved as video clips, which 
allowed subsequent image analysis and post-processing. 
The main ultrasound features, both in grey scale, as well 
as post-contrast, were reviewed according to the EFSUMB 
handbook [19]: at CEUS adenocarcinoma is hypovascular 
compared to a normal pancreas in all vascular phases 
while in chronic pancreatitis it remains isovascular and in 
neuroendocrine tumors and in renal carcinoma metastases 
appears hypervascular. At CEUS cystic tumors of the 
pancreas reveal their vascularized inclusions, an appearance 
which discriminates them from pseudocysts and simple 
pancreatic cysts. Vascular invasion was studied in both color 
Doppler and at CEUS. After completion of the pancreatic 
study the liver was scanned for metastases exploiting the 
same contrast injection. Lymph node involvement was 
assessed only on B-mode ultrasound.

CT examination 
Using native and post-contrast scans on a 16 detectors 

multi-slice system (Siemens Somaton Emotion 16) 3 mm axial 
slices were obtained and pre and post-contrast coronal and 
sagittal reconstructions. An automated injection of 1 mg/kg 
non-ionic iodinated contrast agent (Ioversol, OptirayTM350, 
Covidien) was performed with 3ml/sec flow rate, and we 
made acquisitions in both pancreatic-parenchymal and 
portal-venous phases, with timing adjustments in accordance 
with the abdominal aorta filling time. All scans were 
interpreted by two readers (TAV and MOA, radiologists 
with 8, respectively 12 years of experience in abdominal 
CT). Tumors’ dimensions were measured by means of CEUS 
and CECT and we compared the results. Classification of 
pancreatic masses into solid, cystic or mixed (solid-cystic) 
was provided by basic ultrasound and it was communicated 
to both examiners performing CEUS and CT, as well as 
clinical history and biochemical information (if available). 
CEUS and CECT examiners were both blinded to the results 
provided by other imaging techniques as well as to the final 
histological result.

The lesions were measured both for CEUS and CECT 
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and marked if microcystic and necrotic areas were present, as 
well as the relations with the pancreatic duct, main bile duct, 
and vessels. The presence of suspected pathological lymph 
nodes as well as presence or absence of liver or peritoneal 
metastases was noted. In cases with discordances, the 
reference method for lymph nodes involvement and vascular 
invasion was echoendoscopy (GF-UCT 140 AL 5, Olympus 
in conjunction with Aloka Alpha 10 ultrasound unit) 
(performed by AS, with more than 10 years of experience 
in endoscopy and echoendoscopy). For solid lesions the 
enhancement pattern in pancreatic-parenchymal contrast 
phase was codified in a unified manner for CEUS and CECT, 
considering CEUS-terms hypovascular, isovascular and 
hypervascular of pancreatic tumors (compared to the adjacent 
normal pancreatic parenchyma enhancement) similar to 
those of CECT describing hypoenhanced, isoenhanced 
or hyperenhanced pancreatic masses. The enhancement 
pattern for solid pancreatic tumors was divided in seven 
types: without enhancement; homogeneous hypovascular; 
inhomogeneous hypovascular; homogeneous isovascular; 
inhomogeneous isovascular; homogeneous hypervascular 
and inhomogeneous hypervascular. For cystic and mixed 
pancreatic lesions the contrast enhancement followed the 
depiction and characterization of cystic wall, septa and 
nodules, lesions being divided in eight categories: simple 
(thin wall, without or with mild enhancement in CEUS and 
CECT); with septa; nodules; septa and nodules; with thick 
wall; thick wall and septa; and lesions presenting thick wall, 
septa and nodules. To simplify, we noted for both CEUS and 
CECT the presence of a nodule or a solid component and its 
behavior to contrast agents, whether it was localized inside 
or outside the cystic mass.

Statistical analysis 
Was performed using MedCalc® 9.3.9.0. Software and 

SPSS software version 20.0 (SPSS Inc. Chicago, IL, USA). 
Data are reported as mean (95% CI) or percentage (%). 
Demographic variables were assessed using descriptive 
statistics. The predictive value of imaging parameters on 
pancreatic masses diagnosis was investigated through 
multivariate regression analysis. Variables were included in 
multivariate regression analysis, in order to evaluate their 
simultaneous influence. The diagnostic performance of the 
imaging techniques was assessed using sensitivity (Se), 
specificity (Sp), positive predictive value (PPV), negative 
predictive value (NPV), likelihood ratios (LR) and receiver 
operating characteristic (ROC) curves. The value of less than 
0.05 was considered by statistical significant. 

Results
The prospective longitudinal observational study was 

performed on 76 patients with pancreatic masses: 57 patients 
with solid pancreatic tumors and 19 patients with cystic and 
mixt pancreatic masses [mean age 59.53 (95%CI: 56.61-62.44) 
years, 50% males]. Histological and imaging characteristics 
of the pancreatic lesions are summarized in Table I. 

The characteristics for the examined patients with 
pancreatic tumors are summarized in Table II. 

We tested the performance of CEUS and CECT in 
evaluating the benign or malignant etiology of pancreatic 
masses. Plotting the ROC curve for the two imaging 
methods, we obtained comparable AUROCs,  of 82% for 
CEUS and of 83% for CECT (Fig. 1). 

Fig 1. Receiver operating characteristic (ROC) curves for the 
CEUS and CECT in the diagnosis of  malignant pancreatic  
tumors.

The diagnostic performance of CEUS and CECT in 
diagnosing malignant pancreatic tumors previously detected 
by abdominal ultrasound is summarized in Table III.

We also tested the discordance between the histological 
diagnosis and final CEUS and CECT diagnosis. We obtained 
discordances with the histopathological final diagnosis in 
25 (32.89%) patients for CEUS and in 23 (30.26%) patients 
for CECT.  

In order to identify factors influencing the discordance 
between the final imaging diagnosis and histology, we 
performed multiple logistic regression on the parameters that 
contributed to the diagnosis, according to Tables I and II. In 
multiple regression analysis, two variables independently 
influenced the discordance between the two imaging methods 
and histological final conclusion (Table IV): enhancement 
pattern and tumor nature (solid vs. cystic). 

The parameters explained 66.5% of the diagnostic 
variance between CEUS and histopathological diagnosis 
(R2=0.66, p<0.0001) and 76% of the diagnostic variance 
between CT and histopathological diagnosis (R2=0.76, 
p<0.0001); the remaining percentage, of 33.5% for 
CEUS and 24% for CECT, was not explained by these 
relationships. 

Discussion
In our study we obtained a probability of 83% for CEUS 

and of 82% for CECT, that a randomly selected individual 
from the pancreatic tumor group has an imaging result 
indicating malignancy. Results are quite difficult to compare 
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Table II. Demographic and CEUS-CECT characteristics of the patients

CEUS CECT

Age (mean, 95%CI) 59.53 (56.61-62.44)

Male sex (n, %) 38 (50%)

Location  

Head 26 (34.21%)

Uncinate process 15 (19.73%)

Body 12 (15.78%)

Tail 20 (26.31%)

Difusse 3 (3.94%)

Dimensions( mm-mean, 95% 
CI)

42.47 
(37.6-47.34)

42.37 
(36.18-48.57)

Locoregional lymph nodes 26 (34.21%) 31 (40.78%)

Presence of metastases 21 (27.73%) 18 (23.68%)

Arterial invasion 23 (30.26%) 22 (28.94%)

Venous invasion 17 (22.36%) 22 (28.94%)

CI - confidence interval

Table I. Histopatological classification and imaging characteristics of the pancreatic lesions included in the 
study

Histological diagnosis (n) CEUS pattern CECT pattern

Chronic pancreatitis (6) Hypovascular homogenous 1 Hypovascular homogeneous 1

Hypovascular inhomogeneous 2 Hypovascular inhomogeneous 3

Isovascular inhomogeneous 2 Isovascular homogeneous 1

Isovascular inhomogeneous 2

Septa + nodule 1 Septa + nodule 1

Cyst (2) No enhancement 1 No enhancement 2

Thin wall 1

Pseudocyst (3) No enhancement 1 No enhancement 1

Wall 2 Wall 2

Adenocarcinoma (43) Hypovascular homogeneous 29 Hypovascular homogeneous 31

Hypovascular  inhomogenous 6

Hypervascular homogeneous 2 Hypovascular inhomogeneous 8

Hypervascular inhomogeneous 2

Isovascular homogeneous 3 Isovascular homogeneous 2

Isovascular inhomogeneous 1 Isovascular inhomogeneous 2

Neuroencrine tumors (6) Hypervascular homogeneous 4 Hypervascular homogeneous 4

Hypervascular inhomogeneous 2 Hypervascular inhomogeneous 1

Hypovascular inhomogenous 1

Mucinous cystadenoma (4) Wall 1 Wall 1

Septa 1 Septa 1

Wall+septa 2 Wall+septa 2

Serous cystadenoma (2) Septa 2 Septa 2

Cystadenocarcinoma (4) Wall+ septa+ nodule 1

Septa 1 Septa 1

Wall+septa 3 Wall+septa 2

Pancreatic metastasis  (4) Hypovascular homogeneous 1 Hypovascular homogeneous 1

Hypervascular homogeneous 2 Hypervascular homogeneous 2

Wall 1 Wall 1

Solid pseudo-papillary tumour 
(2)

Nodule + septa 1 Septa 1

Nodule + wall 1 Wall 1

with other published studies since most studies have included 
more homogeneous pathologies. At least for cystic masses 
of the pancreas we agree that many of those studies do not 
mimic the dilemma of the radiologist and surgeon in clinical 
practice who are faced with a wide spectrum of possible 
diagnoses [21]. 

To our knowledge, there is no study in the literature 
dealing with a quantitative analysis of factors influencing the 
imaging diagnosis of pancreatic tumors. These factors have 
been analyzed in the recent literature only in a descriptive, 
qualitative way.

In a recent multicenter study [22], CEUS has been 
reported to have a sensitivity of 84.7% and a specificity 
of 94.4% for solid tumors, respectively a sensitivity of 
79.4% and a specificity of 99.4% for cystic masses related 
to histopathology as gold standard. For cystic lesions, 
analysis was performed only in order to discriminate between 
pseudocysts and all other pancreatic masses with cystic 
appearance. However, this was a study on a large cohort of 
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patients and inter-observer variability was also eliminated, 
agreement being evaluated by means of k statistics. 

Reviewers use their expert judgment and knowledge in 
accordance with published studies and recommendations for 
the characterization of solid and cystic pancreatic masses. 
Pancreatic ductal adenocarcinoma has been reported to 
appear at CEUS hypoechoic/hypovascular in 88-93% 
[19], but also isovascular as well as hypervascular in some 
cases [4, 20, 23]. Faced to the preliminary diagnosis of 
an uncharacterized pancreatic tumor, when performing a 
CEUS or CECT examination, radiologists establish their 
diagnosis mainly based on the visual interpretation of the 
degree of vascularity or contrast-enhancement. This may 
be in some cases a pitfall since those recommendations do 
not cover 100% of the appearance-spectrum of pancreatic 
lesions. Especially in larger inhomogeneous solid lesions 
(with cystic or necrotic inclusions) we consider that the 
visual interpretation for CEUS of the vascular pattern 
(hypo -, iso- or hypervascular) is difficult and may lead to 
discordances to histology. With CEUS, we encountered 10 
cases in which a specific diagnosis could not be formulated. 
Those cases were interpreted as “more likely malignant” or 
“malignant with unspecific characteristics”. Five of them 
were adenocarcinomas, two neuroendocrine tumors (in 

CEUS appearing both as hypervascular/inhomogeneous, 
one of them appearing at CECT as hypodense in pancreatic-
parenchymal phase) (Fig. 2). Two other were metastases: one 
of hypernephroma with large necrotic component, which  
was detected in a patient 6 years after nephrectomy and was 
not associated with any other signs of relapse or metastatic 
disease. The second one, with cystic appearance originated 
from a mucinous ovarian adenocarcinoma, and none of the 
imaging techniques we used could find the primary tumor. A 
similar case has been reported recently in the literature [24]. 
Only one case was chronic pancreatitis (Fig. 3). 

In our multiple regression analysis, two variables 
independently influenced the discordance between the 
two imaging methods and histological final conclusion: 
enhancement pattern (for both CEUS and CECT) and tumor 
nature (for CECT).

It has been suggested that using quantification software 
for CEUS [12.13] and quantification of enhancement for 
CECT [25] may help in distinguishing between malignant 
and benign in some cases. The published evidence for 
CEUS quantification is still very scarce, and there are some 
limitations, at least for cystic pancreatic lesions. Because it 
is a time consuming post processing technique, quantitative 
analysis of CEUS has not been introduced on a wide scale, 
the visual interpretation of CEUS remaining the standard 
way in which tumor characterization is performed.

A second observation is that if the radiologist meets with 
a situation in which the vascular pattern of a tumor is in some 
degree discordant with the depicted vascular invasion, and 
pathologic lymph nodes or liver metastases are observed, the 
conclusion will be almost invariably of malignancy. In order 
to provide tumor staging, tumor characterization as well as 
depiction of pathologic lymph nodes, vascular involvement 
and distant metastases are important. 

We did not use CEUS for characterization of lymph 
nodes. Only in one case additional CEUS for lymph node 
characterization was performed, a case proven as malignant 
neuroendocrine tumor. However, the combined efficacy of 
abdominal ultrasound and CEUS in detecting pathologic 
lymph nodes is statistically similar to CECT in our study. Nor 
did we find better characterization of vascular involvement 
with CEUS comparing with CECT. Distant metastases were 
found with non-significant differences by both CEUS and 
CECT. However, CEUS better identified small areas of 
necrosis as well as microcysts within lesions, those aspects 
leading in some cases to the “inhomogeneous enhancement” 
pattern described by CECT. These results are similar to 
those recently reported by Grossjohann et al [26] in a study 
on pancreatic adenocarcinoma located at the head of the 
pancreas.

A third observation is that visual interpretation of 
vascularity or contrast-enhancement may lead in some 
cases to discordant aspects of pancreatic tumors at CEUS 
and CECT as well, but most of them may appear because 
of the differences in contrast-timing. While for CEUS the 
interpretation of the vascular phase (15-30 seconds after 
contrast injection) is crucial, for CECT it has been reported 

Table III. Diagnostic performance of CEUS and CECT in diagnosing 
malignant pancreatic tumors.

Diagnostic 
performance

CEUS CECT

Se (%) (95%CI) 89.66 (78.8-96.1) 87.93 (76.6-95)

Sp (%)(95%CI) 77.78 (52.5-93.6) 77.78 (52.4-93.6)

+LR 4.03 3.96

-LR 0.13 0.16

PPV (%) 93.1 93

NPV (%) 69.2 65.8

AUROC (95%CI) 0.83 0.82

Standard Error 0.04 0.05

p 0.0001 0.0001

Se: sensitivity; Sp: specificity; PPV: positive predictive value; NPV: 
negative predictive value; LR: likelihood ratios

Table IV. Parameters independently associated with histological and 
imaging discordance

Main 
predictors

OR 95%CI Coefficient Std. 
Error

P

CEUS

Enhancement 
pattern

1.03 1.003-1.05 0.31 0.17 0.001

CECT

Enhancement 
pattern

10.84 1.79-65.68 2.38 0.91 0.001

Tumor nature 
(solid vs 
cystic)

2.38 125-4.52 0.86 0.32 0.004

OR – Odds Ratio, CI - confidence interval, Std. Error- Standard Error
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Fig 2. Malignant neuroendocrine tumour located in the uncinate process of the 
pancreas: (a) CEUS examination – arterial phase (19s after contrast administration) 
–hypervascular, inhomogenous tumour, with peripheral uptake of contrast agent 
(arrow); (b) portal-venous phase – hypovascular tumour at CEUS, encapsulating 
the superior mesenteric vein (double arrows); (c) CECT – pancreatic-parenchymal 
phase: hypodense lesion with low contrast-enhancement and superior mesenteric 
artery invasion (double arrows); (d) CECT  – portal-venous phase.

Fig 3. Pancreatic mass located in the body of the pancreas. Dilatation of 
Wirsung duct with atrophy of the tail of the pancreas (histology proven chronic 
pancreatitis): (a) CEUS – arterial phase (22s after contrast administration) 
– hypovascular inomogeneous lesion (*) (b) CEUS – portal phase – the lesion 
appears hypovascular (*). At CECT the lesion shows normal contrast-enhancement 
in pancreatic parenchymal (*) (c) and portal-venous phase (*) (d).

to be of less use due to poor tumor-to-pancreas contrast 
difference [27]. A highly-sensitive technique for staging 
pancreatic adenocarcinoma is the dual phase pancreatic-
protocol multidetector CT (MDCT), which comprises the 
pancreatic phase (PP), performed with a scan delay of 
35–45 seconds following a bolus of intravenous contrast 

agent and using a 1–3-mm slice collimation and the portal 
venous phase (PVP), performed with a scan delay of 65–70 
seconds [28].

Another finding regards the scanning protocol for CEUS 
itself. CEUS is performed after a reference section is chosen 
by the examiner. It is presumed that in this section (which, in 
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some cases, includes a certain degree of compromise in order 
to avoid artifacts) we already have included all potentially 
important features of a pancreatic lesion in order to further 
characterize it by CEUS. Especially for cystic lesions this 
represents a limit of CEUS, since some relevant nodules 
may be undetected by basic ultrasound (thus remaining 
uncharacterized by CEUS), while others within the current 
ultrasound scanning plane may show no vascularity at 
CEUS. Whilst this limit may be in some degree avoided 
for qualitative CEUS by smooth and limited angulation 
of the probe during the arterial phase, the quantitative 
analysis in those cases may be compromised. In our recent 
published study [29] the quantitative analysis of cyst-wall 
enhancement at CEUS has been suggested in order to avoid 
this limitation. 

Conclusions
CEUS and CECT have a good diagnostic performance 

in differentiating benign from malignant pancreatic tumors. 
Enhancement pattern and tumor nature (solid vs. cystic) are 
independent confounders between imaging and histologic 
diagnosis.
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