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ABSTRACT: Introduction. Imaging has a decisive role in the diagnosis and staging of pancreatic cancer, the most
used imaging methods being computed tomography, magnetic resonance imaging and endoscopic ultrasonography.
Material and method. They were studied retrospectively over a 3 years period, 140 patients with pancreatic cancer.
Aim of the study: This study aims to determine the effectiveness of CT, MRI and EUS in diagnosis and staging of
panceatic cancer. Results. CT showed a diagnostic accuracy of 83.3%, with sensitivity and specificity of 81.4% and
43% respectively. MRI showed superior diagnostic accuracy compared to CT (89,1%). However, EUS demonstrated
the best diagnostic value in PC (accuracy of 92,7%). Concerning the locoregional staging, the 3 diagnostic methods
showed similar result. There were no significant differences concerning the diagnosis of intra-abdominal metastases.
Differences have appeared in the case of extra-abdominal. Thus, there were 4 cases of lung metastases which have
been identified only on CT and MRI. Conclusion. EUS is the most effective technique used in the diagnosis of
pancreatic cancer, the present study demonstrating an accuracy of 92.7%. Moreover, EUS offers the possibility to
collect samples for cytological examination by EUS guided fine needle aspiration. However, there are some
limitations of EUS in identifying extra-abdominal metastases. Thus, the assessment of tumor extension must be
completing by performing CT or MRI.
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The most important types of imaging for the
detection of pancreatic cancer are abdominal
ultrasound, endoscopic ultrasound, endoscopic
retrograde cholangiopancreatography, computed
tomography, magnetic resonance, and positron

Introduction

Pancreatic cancer is still one of the deadliest
types of cancer, being the fourth leading cause
of cancer death in the United States, after lung,
breast or prostate, and colorectal cancer [1], emission tomography.
approximately 200.000 of people dying each In clinical practice, the most used methods
year of pancreatic adenocarcinoma [2]. for the detection and characterization of

Thus, the need for early diagnosis is pancreatic masses are CT, MRI and EUS.
extremely important. Imaging has proven to
have a central and pivotal role in the staging and
evaluation of pancreatic cancer, being involved
in all the stages of clinical management of
pancreatic diseases (detection and

Material and method

140 patients (with clinical suspicion of
pancreatic neoplasm) were studied
restrospectively, in the Research Center of

characterization of the pancreatic tumor mass,
determination of local and vascular involvement,
perineural and lymphatic invasion, invasion
front assessment, detection of metastases and
overall risk assessment of the disease for
complete surgical removal) [3].

Gastroenterology and Hepatology, University of
Medicine and Pharmacy Craiova, Romania,
between January 2014 and December 2016. The
patients were structured into two groups of
study: 100 patients with pancreatic cancer (the
main group of study) and 40 patients with other
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pancreatic masses - chornic pancreatitis and
neuroendocrine tumors (the control group).

We assessed by CT, MRI and EUS the patients
with clinical suspicion of pancreatic neoplasms.
For Eus examination we used the conventional
and Doppler mode, the contrast enhanced EUS,
the qualitative strain elastography and the EUS
guided FNA). All results were stored into a
structured database.

The final diagnosis:

-for resected tumors, we performed the morfo
pathological examination;

-for non-resectable tumors (the majority of the
cases), the final diagnosis was made mainly
based on cytological examination of the samples
obtained through EUS guided FNA and
analysing the imaging features of the tumor;
Using Microsoft Excel (Microsoft Corp.,
Redmond, WA, USA), we calculated the
accuracy, the sensitivity, the specificity, the
negative predictive value and the positive
predictive value for each diagnostic technique.

Results

Patients with pancreatic cancer are mainly
men  (61%-61/100), from urban areas
(67%-67/100) and had a mean age of 64 years at
the time of diagnosis.

Concerning the dimension and the location of
the tumor, our study showed that pancreatic
malignant tumors have an average size of
30 mm in diameter and they are located in 61%
(61/100) of the cases at the head of the pancreas,
in 19% (19/100) of the cases at the body of the
gland, in 10% (10/100) at the tail of the pancreas
and in 10% (10/100) the tumor is located in two
regions of the pancreas (for example, the tumor
may involve the head and the body or the body
and the tail of the gland. (Fig. 1)

Computed tomography examination
demonstrated an accuracy of 83.3%, with
sensitivity and specificity of 81.4% and 43%
respectively in the diagnosis of pancreatic
adenocarcinoma, for the entire group of patients
with pancreatic cancer (Table 1).

Magnetic  resonance imaging  showed
diagnostic accuracy, sensitivity and specificity
in pancreatic cancer of 89,1%, 89,5% and 63,4%
respectively (Table 1).

It was observed that conventional endoscopic
ultrasound examination had an accuracy of 82%
for the diagnosis of pancreatic cancer, with
sensitivity and specificity of 96.2% and 64%
respectively.

Doppler mode EUS did not improve the
diagnostic yield of EUS in pancreatic

adenoracinoma. However, using a combination
of contrast-enhancement and elastography, the
diagnostic accuracy reaches 93,7%, with a
specificity of 90,3% and sensitivity of 97,5%,
(Table 1). (Fig. 2)

To check if there are different results for the
small tumors (less than 20mm in diameter),
divided the group of patients with pancreatic
cancer into two groups: those with tumors less
than 20mm and those with tumors exceeding
20 mm.

For the group of patients having tumor less
than 20 mm, the diagnostic accuracy for CT,
MRI and EUS was 69%, 82% and 91%
respectively.

The sensitivity was 73%, 84% and 94%
respectively. For tumors greater than 20 mm, the
results were comparable with the results for the
entire group of patients with pancreatic cancer.

Table 1. Comparative diagnostic value of CT vs.
MRI vs. EUS in pancreatic adenocarcinoma

CT MRI  EUS
Sensitivity 81,4% 89,5% 97,5%
Specificity 43% 63,4% 90,3%
Accuracy 83,3% 89,1% 93,7%
PPV 61,5% 71,4% 82,2%
NPV 56,7% 68,5% 71,3%

Concerning the locoregional staging of
pancreatic cancer, computed tomography,
magnetic resonance and endoscopic ultrasound
showed similar results.

Unfortunately, only 14% (14/100) of the
patients were in the first stage of the evolution at
the time of diagnosis, 27% (27/100) and 35%
(35/100) of the patients being in stages Il and
IV, respectively.

Thus, 35% (35/100) of the patients had
metastases.

There were no significant differences
between the three imaging methods in
identifying the intra-abdominal metastases (liver
metastases and the peritoneal metastases).

Differences have appeared in the case of
extra-abdominal metastases (lung metastases).
Thus, there were 4 cases of lung metastases
which have been identified only on CT and
MRI.

Discussion

Pancreatic adenocarcinoma represents one of
the most aggressive type of cancer and the need
of early diagnosis is extremely important.
Imaging is very important in the management of

10.12865/CHSJ.43.02.05

133



M.I. Costache et al. - Which is the Best Imaging Method in Pancreatic Adenocarcinoma -CT, MRI or EUS?

pancreatic cancer. In clinical practice, the most
used methods for the detection and
characterization of pancreatic masses are CT,
MRI and EUS.

Computed tomography is the most used
imaging method in pancreatic cancer, being
available in most medical units compared to
MRI or EUS [4]. The pancreas is ideally imaged
by dual-phase (arterial and portal) contrast
material-enhanced MDCT. Because they appear
less perfused compared to the surrounding
tissue, pancreatic adenocarcinomas are typically
hypodense in all CT phases (fig. 1 a,b). The
sensitivity of CT in the detection of pancreatic
cancers has improved over the years (75-100%)
with a specificity of 70-100%. [5, 6]. Our study
confirms the published data and demonstrated an
accuracy of 83.3%, with sensitivity and
specificity of 81.4% and 43% respectively in the
diagnosis of pancreatic adenocarcinoma. The
exact size of the tumor is essential for diagnosis
and staging. Computer tomography has a very
good accuracy and sensivity for diagnosis
pancreatic tumors greater than 2 cm [6], but the
sensitivity of CT scan for lesions smaller than 2
cm is 69% with an accuracy of 73%. However,

computed tomography remains the most
accesible imaging method in diagnosis the
pancreatic cancer being an important tool to
identify liver metastases and peritoneal
metastases [6].

Magnetic resonance imaging has been
increasingly used in the evaluation of pancreatic
tumors. The typical appearance of pancreatic
carcinoma on MRI is hypointense on T1-
weighted images and hyperintense or isointense
on T2-weighted images (fig 1 c,d). The tumor
shows diminished enhancement in the early
phase of dynamic MR imaging and gradual
enhancement in the late phase [7]. MRI has
better contrast resolution than MDCT and is
superior in detecting small tumors and
metastases [8]. Moreover, MRI offer the
possibility to examine the pancreatobiliary
system noninvasively by magnetic resonance
cholangiopancreatography (MRCP) with a very
good accuracy. Our study fits into the published
data, which shows that MRI has sensitivity
between 81% and 99% and specificity between
70% and 93%. Limitations of MRI are related to
cost, availability, and clinicians’ familiarity with
and predilection for CT imaging [4].

Fig.1. Pancreatic cancer-CT and MRI: hypodense (on CT) (a,b), hypointense (on MRI) (c,d) mass at the body
of the pancreas accompanied by the dilatation of the Wirsung duct;
diminished enhancement in the early phase of dynamic CT and MRI imaging

Ensoscopic ultrasound represents the most
important imaging method for evaluating
pancreatic diseases, having better diagnostic
yield than computed tomography and magnetic
resonance imaging for recognising early
pancreatic tumors [9, 10].

On conventional EUS examination,
pancreatic cancer appears as heterogeneous,
hypoechoic mass, with irregular borders while
on Doppler mode is hypovascular. On
gualitative elastography pancreatic malignant
tumor has generaly hard consistency and on
CE-EUS, pancreatic adenocarcinoma is
typically hypovascular during arterial and
venous phase eventually with "wash-out" in
the late venous phase (fig 2). These two

additional EUS techniques improve the
diagnostic accuracy in pancreatic cancer.
Thus, using a combination of contrast-
enhancement and elastography, the diagnostic
accuracy reaches 93,7%, with a specificity of
90,3% and sensitivity of 97,5%, comparing
with conventional EUS examination where the
accuracy, sensitivity and specificity were
82%, 96.2% and 64% respectively.

Moreover, EUS is able to detect focal
lesions as small as 2-5 mm [11]. Our study
demonstrated that EUS has a very good
accuracy (91%) compared to CT (69%) and
MRI (82%), in the diagnosis of pancreatic
tumors less than 2 cm. EUS represents the
only imaging method which allows to collect
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samples from pancreatic masses for
cytological examination. The accuracy of
EUS-FNA for the diagnosis of pancreatic
adenocarcinoma is reported to be 80-95%
[12], with sensitivity and specificity of 85%
and 98%, respectively, in a recently published
meta-analysis [10, 13].

EUS represents also the best method for
loco-regional staging in pancreatic cancer, but
it has a limitation because it is not able to
detect the extraabdominal metastases. Thus,
CT or MRI examination must be used
complementary.

Fig.2. Pancreatic cancer-EUS: heterogeneous, hypoechoic mass (EUS-conventional mode) (a), hypovascular
(Doppler mode (b) and CE-EUS (c) ), of hard consistency (elastography) (d) at the body of the pancreas

Conclusion

EUS is the most effective technique in the
diagnosis and staging of pancreatic cancer, our
study demonstrating an accuracy of 93.7%,
utilising a combination of contrast-enhancement
and elastography.

Moreover EUS is the only imaging method
which offers the possibility to collect samples
for cytological examination.

However, there are some limitations of EUS
in identifying extra-abdominal metastases.

Thus, the assessment of tumor extension
must be completing by performing CT or MRI.
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