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Accuracy of Imaging Investigations in Pancreatic Cancer Diagnosis
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Pancreatic adenocarcinomas are considered one of the most complicated cancers in terms of treatment
options and patient management. Regarding the diagnosis of pancreatic cancers, imaging techniques still
play the central role with multiple options such as Computer Tomography (CT), Ultrasound (US), or Endoscopic
Ultrasound (EUS) being available.  The study was conducted at the Emergency County Hospital of Craiova,
at the Radiology and Medical Imaging Department, the Imaging Compartment of the Research Center of
Gastroenterology and Hepatology Research Center, on 170 patients suffering from pancreatic cancer, mostly
adenocarcinomas. The neoplastic lesions were described using either US, CT or EUS techniques.  The
location of the tumor was assessed suing US and CT examination for all 170 patients in the study. There was
a statistically significant correlation (< 0.0001) between US and CT examination in terms of accuracy, with
both techniques proving to be highly reliable. For measuring tumor size, 31 patients were evaluated using CT
and EUS techniques. EUS proved to be more accurate in comparison to CT examination, with 9 (27%) of the
total 31 patients having their tumor size underestimated by CT examination.  There are no notable differences
between the US evaluation of the tumor location and the actual location identified at the CT scan. As for
tumor size, EUS showed greater reliability in evaluating tumor size in comparison to CT examination.
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Imaging explorations play an essential role in the
diagnosis, stadialization and therapeutic approach of
pancreatic cancer.

Computer tomography (CT) uses X-rays, spiral CT being
the standard examination for the majority of clinical
indications [1]. The continuous scanning along with
simultaneous data aquisition and the subsequent reduced
examination period represent the advantages of this
technique.

Ultrasound examination (US) possesses a very high
accuracy rating in children and slender patients. Standard
US requires adequate patient preparation, who often
present abdominal distention, which leads to a difficult
examination of the pancreas [2]. The correct assessment
is highly influenced by the examiner’s experience who is
confronted with the direct examination of a small gland
which has altered visceral and vascular relations when a
neoplastic procces is present. A couple of  situations in
which the visualization of the pancreas can be hindered
can be mentioned: overweight patients, entero-enteral
anastomosis which are tractioned towards the front,
abdominal scar tissues [3].

Because of abdominal distention and their isoechoic
aspect small cephalic tumors of can remain hidden during
the US examination. This is the main reason why echo-
endoscopy is recommended as the prefered exploratory
imaging method [4]. Tumors with a diameter greater than
3 cm may determine duodenal compression and invasion.
Hypoechoic and round lymph nodes can often be visualized
around  hepatoduodenal ligament, which are indicative
for a malign tumor [5].

Endoscopic ultrasound (EUS) consists of a high
frequency (5-12 MHz) transductor placed at the tip of an
endoscope which allows the transmural view of the GI
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tract and the adjacent structures [6]. EUS offers high-
quality images in comparison to the transabdominal US,
as it avoids interposed structures such as air and adipose
tissue.

EUS is a highly sensitive method in tumor staging and
surgical resectability of pancreatic neoplasms. It is used
to localize endocrine tumors and to assess the vascular
supply of pancreatic duct and tumors smaller than 3 cm.
CT and MRI are used alongside endoscopy to accurately
evaluate the vascular invasion [7].

Also, EUS can precisely appreciate the tumor size and
offers data on the level of local extension. However, it
cannot detect hepatic and lymph node metastasis.

Aim of the paper
This paper aims to evaluate patients’ status based on

diagnostic algorythms by testing and correlating the
imaging methods (CT, US and contrast-enhanced US) with
the diagnosis, in a prospective fashion.

Experimental part
Materials and methods

The study was conducted at the Emergency County
Hospital of Craiova, at the Radiology and Medical Imaging
Department, the Imaging Compartment of the Research
Center of Gastroenterology and Hepatology Research
Center.

The study consisted of 170 patients suffering
predominantly from pancreatic adenocarcinoma.

The CT examination was performed using SIEMENS
SOMATOM with 20 spires. CT exploration was performed
in a sequential fashion, unenhanced or with oral and
intravenous administration of non-iodine based contrast
agents. The continuous scanning resulted in a reduced
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exposure time and a simultaneous data acquisition during
a single period of apnea, which excluded any respiratory
artifacts. Gastrografin was administered orally in 2 phases:
200 mL 20 min prior to the CT examination and 400 mL
immediately before the procedure. The purpose of the
contrast agent is to distend and enhance opacifiation of
the duodenum.

Transabdominal US was accomplished using the ALOKA
SSD 5000 and HITACHI 8500 EUB US equipment. The
examination was performed á jeun in a dorsal and/or left
lateral decubitus positioning, using a convex transductor
with a frequency of 3.5-5 Mhz or 2.5 Mhz for overweight
patients. Axial, oblique and sagittal sections were obtained.

Echo-endoscopy was performed using a Olimpus UCT
linear echo-endoscope with a frequency range of 5 to 10
Mhz, coupled with an ALOKA PROSOUND 5000 US
equipment and the HITACHI EUB 8500 coupled with the
Pentax linear echo-endoscope (EG 383 OUT). The
examination was performed in a conscious sedation state

with intravenous midazolam (Dormicum) and in a small
percentage of patients with intravenous propofol.

Results and discussions
A.Correlations between US and CT studies

The first statistical data correlations regarding the
location of the pancreatic tumors and the chosen imaging
techniques (US and CT) included 170 patients, who were
separately examined using both methods.

Segmentation analysis yielded location discrepancies
between US and CT.

For ten of them, US examination indicated the location
in a close proximity segment as seen on the CT scan. Thus,
five tumors located in the cephalic region were assessed
as belonging to the adjacent area according to the CT scan.
Likewise, seven tumors located in the body, at the limit
with the caudal region, were considered to belong to the
latter.

Table 1
PATIENT DISTRIBUTION ACCORDING TO THE PANCREATIC LOCATION

Fig.1.Transabdominal US - enlarged gallbladder, cephalic mass
with common bile duct compression

Fig. 2. Axial CT section -Pancreatic head
adenocarcinoma

Fig.3. Percentage of different anatomical locations depending on the
investigation method

Table 2
RESULTS OF CHI-SQUARED TEST BETWEEN THE ANATOMICAL LOCATION AND THE INVESTIGATION METHODS
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Statistical evaluation of data was performed usind the
χ2-test. In this situation, the p value for each result obtained
through the χ2-test supported the correlation between
tumor location and imaging methods.

Thus, the corresponding diagram of the contingency
table clearly illustrates the correlation between the head,
body, tail  US distribution and 1st area, 2nd area, 3rd area CT
distribution. There are no notable differences between the
US location of the tumor and the real location identified by
the CT scan.

The pulsatility and resistance indices obtained with
spectral Doppler analysis of each tumoral blood vessels
were used to differentiate benign focal masses from
malignant ones.

Fig.4. Contingency diagram of Chi-squared test

The relative evaluation error of all of the cases is due to
the big size of the tumoral process or the shape which
gives the illusion of a certain location with extension to the
neighbouring area. Hence, we considered the tumor
location determined with US as having a high grade of
relative correlation with the location found using CT
examination.

B.Correlations between  echo-endoscopic and CT studies
32 patients were selected for the statistical analysis, of

whom, 30 presented adenocarcinoma and 2 insulinoma.
The vascularisation index (VI) was calculated as the

percentage of pixels with Doppler power signal from the
total number of pixels in the region of interest (ROI);  ROI
was selected within the pancreatic mass. Thus, IV is the
average of each venous phase (sequences from a 10
second film) after the contrast substance reached the
portal system, the splenic or superior mesenteric vein
(usually 30 to 35 seconds post-contrast administration). A
20% cut-off value of the VI (determined with the help of
EUS with power Doppler contrast) was used to differentiate
hypervascularity from hypovascularity.

Table 3
PATIENTS’ DATA

Fig. 5.Pancreatic adenocarcinoma

Fig.6.Unenhanced CT scan (A), and with i.v. contrast medium (B),
axial plan, shows a 3.75/3.44 cm tumoral mass, localised at the
cephalic level with areas of central necrosis - adenocarcinoma

characteristics

Global assessment of tumor size (determined by EUS
and CT) contributed to the classification in three class
categories (I = <2cm, II = 2-4cm, III = >4cm).

CT scan determined more cases of class II tumors in
comparison to EUS, where the predominant cases were
class I.
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χχχχχ2-test was used to assess the correlation between the
two imaging methods to measure the size of the
carcinomas.

The correlation between the investigation methods and
the tumor measurements proved to have high significance,
fact supported by the p-values determined for each value
of the chi-square test.

The comparative analysis of the tumor measurements
in 23 patients (73% of all cases) was considered
concordant, while, for the other 9 patients, differences
between measurements were observed. For 8 out of 9
patients, the discrepancy consisted in the underestimation
of measurements performed with the CT scan in
comparison to EUS, the latter being of greater reliability in
detecting tumor size.

One case was recorded as over-evaluation discrepancy
in tumor size, the tumor being an insulinoma which could
not be detected by CT scan, only by echo-endoscopy.

Overall, CT examination underestimated tumor size in
a significant percentage of cases compared to the EUS,
the underestimation resulting from the assessment of the
surface dimensions and not the total size, which proved to
be more extended.

This conclusion is supported by the study of statistical
parameters regarding measurements performed by EUS
exploration and CT evaluation. Statistical analysis using t-
test did not validate the difference in tumor size in the two
arms in terms of mean value or size distribution.

Thus, tumor size variation range was more extensive in
the CT lot than in the EUS lot. However, the range in which
most of the values converged,   defined by STDEV around
the mean value was more pronounced in both arms and
shifted to the upper limit of the value variation range due to
average sizes that were, in both cases, higher than the
mean value of the tumor diameter. Tumors analyzed with
CT had a mean tumor diameter greater than those
measured by EUS.

Pancreatic cancer is listed as being the forth on the list
of cancer-related deaths. This very poor prognosis is related
to the high agresiveness of the tumor, lack of therapeutic
options with a resistance to most major treatment options
and late diagnosis [8, 9, 10], usually during locally advanced
or metastastic stages. In the past decades the research
community has focused on elaborating a genetic profile
for pancreatic cancers [11-13], identifying several key

Fig. 8. Contingency chart of the chi-square correlation test

Table 4
TUMOR SIZE-CT/EUS

Fig. 7. Tumor size -CT/EUS

Table 5
RESULTS OF THE CHI-SQUARE CORRELATION TEST BETWEEN THE

TUMOR DIMENSIONS DESCRIBED BY THE TWO INVESTIGATION
METHODS

Table 6
STATISTICAL PARAMETERS OF TUMOR SIZE (EUS, CT)
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factors such as tyrosine kinase receptors such as the
Epithelial Growth Factor Receptor (EGFR) or it’s ligand EGF
[14, 15]. Angiogenesis is another major factor implicated
in cancer development, playing a central role in other
cancers such gliomas [16, 17]. Unfortunately, it’s
importance is still debatable in pancreatic cancers[18, 19].

Spiral CT is currently the preferred imaging method for
pre-operative detection, assessment, and staging of
pancreatic cancer [20]. Moreover, the method reveals
possible parenchymal or bone metastases included in the
acquisition plan, peripancreatic adenopathies and
peritoneal carcinomatosis [21, 22]. The detection of
pancreatic tumors is possible using 1-3 mm sections uand
high resolution contrast agents, CT accuracy for detecting
pancreatic cancer being 97%. CT determines the
aggressiveness of pancreatic cancer by assessing invasion
of the visceral, serous and vascular structures [23- 25].
Evaluation of the peripancreatic vascular invasion of
superior mesenteric vein and artery, portal vein, hepatic
artery is appreciated from the compression and occlusion
signs of the vessels with the formation of collateral vascular
vessels (a clear sign of tumor unresecability) [26, 27].

The drawbacks of CT scan include the use of X-rays and
conditions prohibiting the use of  iodine-based contrast
agents,the most important being: renal failure, severe heart
failure, history of allergic reactions [28-30].

Usually, imaging exploration of the pancreas begins with
an US and it is preferrable to performthe technique in the
morning because of the low level of digestive secretions
[4]. The approach is epigastric with transverse and oblique
sections. For a better examination, the patient is required
to execute a deep inspiration and hold it for as long as
possible (Valsalva maneuvre), so that the left hepatic lobe
descends anteriorly and offers a good exploration window
[3].

The most frequent location of pancreatic adeno-
carcinoma is at the cephalic level, accompanied by signs
of invasion or compression of the common bile duct with
subsequent dilation of intrahepatic bile duct and gallbladder
which gives the appearance of hydrops and bile sediment
[2, 31]. There is also retrograde dilation of Wirsung’s duct,
which can reach 20 mm or more. During an US evaluation,
the differential diagnosis is made with chronic cephalic
pancreatitis, pancreatic cysts, retroperitoneal adenopathy,
common bile duct tumors and vaterian ampulloma.

Adenocarcinoma located at the pancreatic body is rarely
encountered and has a rapid extracapsular development;
in case of a large neoplastic mass, central necrosis can be
observed [32-34]. The posterior extension can result in the
invasion of the aorta, superior mesenteric artery and vein,
celiac trunk and splenic vein, while the anterior extension
can dislocate the stomach. The invasion of the superior
mesenteric artery can be evidenced by Doppler mode [6,
35]. The differential diagnosis is made either pancreatic
pseudocysts or pseudotumoral chronic pancreatitis.

Caudal adenocarcinoma (10-15% of the cases) is
usually discovered at an advanced stage with the invasion
of the posterior wall of the stomach, left kidney and adrenal
gland, splenic artery and vein, celiac trunk with signs of
splenic hilum thrombosis [32, 38, 39].

Current literature claims that EUS plays an important
role in identifying lesions located in the body and tail of the
pancreas, having a 77% sensitivity [36, 40, 41]. It has a
greater sensitivity in insulinoma detection allowing fine-
needle aspiration under US guidance. Most often,
insulinoma appears as a homogeneous, hypoechoic, well-
defined mass, sometimes presenting a capsule with
irregular surface [37, 42].

Conclusions
The results of the study clearly correlate the US

distribution in head,  body  and tail  with the CT distribution
in the 1st area, 2nd area  and 3rd area. Also, there are no
notable differences between the US evaluation of the tumor
location and the actual location identified at the CT scan.

The relative error of localization was due to large tumor
dimensions and shapes, this being the main reason why
we considered that US had a high degree of relative
concordance, consistent with the location established by
CT.

Taking into consideration the comparative study
between CT and contrast US, a higher incidence of tumors
ranging from two to four centimeters were observed in CT
analysis compared to the EUS lot, where there were more
lesions under two centimeters.

The comparative analysis of tumor size was assessed
as concordant by the two evaluation modalities in 23
patients, representing 73% of all studied cases. The
discrepancy consisted in underestimation of the
measurements calculated with the CT scan versus the
ones calculated with EUS, the latter showing greater
reliability in tumor size.
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