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Abstract
Multidetector computed tomography (MDCT) is a widely used cross-sectional imaging modality for initial evaluation of 
patients with suspected pancreatic ductal adenocarcinoma (PDAC). However, diagnosis of PDAC can be challenging due 
to numerous pitfalls associated with image acquisition and interpretation, including technical factors, imaging features, and 
cognitive errors. Accurate diagnosis requires familiarity with these pitfalls, as these can be minimized using systematic 
strategies. Suboptimal acquisition protocols and other technical errors such as motion artifacts and incomplete anatomi-
cal coverage increase the risk of misdiagnosis. Interpretation of images can be challenging due to intrinsic tumor features 
(including small and isoenhancing masses, exophytic masses, subtle pancreatic duct irregularities, and diffuse tumor infil-
tration), presence of coexisting pathology (including chronic pancreatitis and intraductal papillary mucinous neoplasm), 
mimickers of PDAC (including focal fatty infiltration and focal pancreatitis), distracting findings, and satisfaction of search. 
Awareness of pitfalls associated with the diagnosis of PDAC along with the strategies to avoid them will help radiologists to 
minimize technical and interpretation errors. Cognizance and mitigation of these errors can lead to earlier PDAC diagnosis 
and ultimately improve patient prognosis.

Keywords  Pancreatic ductal adenocarcinoma · Pancreas · Adenocarcinoma · Multidetector computed tomography · 
Diagnostic errors · Diagnosis

Introduction

Pancreatic ductal adenocarcinoma (PDAC) is currently 
the 3rd most common cause of cancer death in the USA, 
with the overall 5-year survival rate of 8.2% [1, 2]. With 
the incidence of 12.5 per 100,000 population/year, PDAC 
has ranked the 12th most common cancer type in the USA 
[3, 4]. Surgical resection is the only available curative treat-
ment for PDAC [5–7]; however, the majority of diagnosed 
PDACs are not resectable at the time of diagnosis due to 
the advanced stage of disease which can be exacerbated by 
delays in diagnosis [8]. Therefore, early detection of PDAC 

is critical for improving the prognosis of PDAC patients. It 
has been shown that early diagnosis followed by surgical 
resection/chemotherapy significantly improves the 5-year 
survival rate of PDAC to as high as 30% [9].

Cross-sectional imaging has become crucial in the 
screening, diagnosis, staging, and prediction of resectabil-
ity of PDAC [10, 11]. Multidetector computed tomography 
(MDCT) and magnetic resonance imaging (MRI) are the 
most commonly used modalities for initial assessment of 
patients for whom there is a clinical suspicion of PDAC 
[10–12]. The reported sensitivity of MDCT and MRI for the 
detection of PDAC ranges from 76 to 96% [13]. The diag-
nosis of PDAC is routinely made based on the presence of 
hypoenhancing pancreatic mass (as the classic primary find-
ing) as well as several secondary imaging features includ-
ing pancreatic duct dilatation, abrupt pancreatic duct caliber 
change, upstream pancreatic parenchymal atrophy, “double 
duct” sign, and vascular encasement and narrowing [14, 15].

Even with the advancements in imaging techniques, accu-
rate diagnosis is not made in some cases which may lead to 
delayed diagnosis and, all too often, a missed opportunity for 
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curative surgery. The accuracy of imaging in diagnosing and 
staging of PDAC depends on the acquisition protocol/tech-
nique and experience of the interpreter. In a study review-
ing the medical records of 203 PDAC patients referred to a 
tertiary center, new imaging or re-evaluation of submitted 
images showed that 18.7% of patients had a change in their 
clinical stage [16]. Among these patients, 13% of them were 
thought to have an advanced/unresectable PDAC which was 
resectable in further assessments [16]. Retrospective review 
of cross-sectional images of PDAC patients also suggests 
that early signs of PDAC (such as subtle mass and inhomo-
geneous parenchyma) are present up to 34 months before 
clinical diagnosis [17]. Unfortunately, imaging features of 
early PDAC can be easily overlooked even by experienced 
radiologists and detection of early PDAC is challenging 
due to various technical variations as well as interpreta-
tion errors. Mitigation of these errors will have a profound 
impact on timely diagnosis and could improve patient sur-
vival. Radiologists should be familiar with such pitfalls in 
the diagnosis of PDAC to ensure optimal patient care.

In this article, we discuss and illustrate potential pitfalls 
in detection of PDAC using MDCT and other cross-sectional 
modalities. We review a variety of common technical errors 
including suboptimal imaging techniques, motion artifacts, 
incomplete anatomical coverage, as well as interpretation 
errors including misinterpretation related to intrinsic tumor 
features, coexisting and/or underlying pathologies, cogni-
tive errors, and mimickers. We also offer strategies to avoid 
these pitfalls and minimize errors in the diagnosis of PDAC.

Technical errors

Recommended imaging technique and related 
technical challenges

MDCT with intravenous contrast enhancement is the most 
commonly used and best-validated modality to detect and 

stage PDAC [10, 18, 19]. Pooled analysis of published lit-
erature showed that the overall sensitivity and specificity 
of MDCT for detection of PDAC is 90% and 97%, respec-
tively [13]. Furthermore, predicting resectability of PDAC 
by MDCT is estimated to be 81–91% [20–22].

Heterogeneous techniques and protocols have been used 
for MDCT image acquisition; Table 1 summarizes the con-
sensus recommendation and protocol used at our institu-
tion. Table 2 also listed types of technical and interpretation 
errors and strategies to avoid them.

In general, biphasic MDCT examination is recommended 
by the Society of Abdominal Radiology and American Pan-
creatic Association consensus statement for initial assess-
ment of patients with suspected PDAC [10, 11, 18]. Biphasic 
technique includes image acquisitions at pancreatic paren-
chymal or late arterial phase, and at portal venous phase. 
Image acquisition is performed following fast injection of 
high iodine concentration IV contrast (> 300 mg I/mL) 
through an 18–20 gauge catheter with the injection rate of 
3–5 mL/s [10, 11, 18, 19]. The pancreatic parenchymal or 
late arterial phase images are acquired at 40–50 s after con-
trast injection, allowing for optimal visualization of pancre-
atic parenchyma and arterial anatomy and helping to detect 
pancreatic neuroendocrine tumors (PanNETs). The portal 
venous phase images are acquired at 60–90 s after contrast 
injection, and can be used to assess venous structures which 
might be critical for surgical planning and to detect meta-
static liver lesions. The rationale for using biphasic tech-
nique is that the difference between the hypoattenuating 
tumor and enhancing normal pancreatic parenchyma is the 
highest during the late arterial phase which provides a clear 
distinction between hypodense tumor lesion and normal 
pancreatic parenchyma (Fig. 1) [10, 11, 18, 19]. Therefore, 
arterial phase images are critical for tumor visualization and 
accurate diagnosis.

The degree of parenchymal enhancement in biphasic tech-
nique can be affected by several technical errors such as the 
inappropriate volume, concentration, and rate of injection of 

Table 1   Multidetector 
computed tomography 
(MDCT): biphasic pancreatic 
protocol parameters according 
to the consensus

Recommendation and our institution protocol
MIP maximum intensity projection, MPR multiplanar reformatting, VR volume-rendered

Parameter Consensus recommendation Protocol at our institution

Section thickness Submillimeter (0.5–1 mm) 0.6 mm
Oral contrast Neutral or low-Hounsfield oral agent 1000 mL water
Intravenous contrast High iodine concentration (> 300 mg I/mL)

Injection rate 3–5 mL/s
100–120 mL nonionic contrast
Injection rate 4–5 mL/s

Scan acquisition Pancreatic parenchymal phase 40–50 s
Portal venous phase 65–70 s

Bolus trigger off abdominal 
aorta at threshold of 230 
Hounsfield

Portal venous phase 60 s
Image reconstruction Axial 2–5 mm

MPR, MIP, 3D VR
Axial 0.75–3 mm
MPR, MIP, 3D VR
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intravenous iodinated contrast. All such technical errors can 
lead to suboptimal image quality and can negatively impact 
diagnostic performance. Although it has been highly recom-
mended to use both late arterial and portal venous phases for 
evaluation of patients with the suspected pancreatic lesion, 
a recent pooled analysis showed no significant difference 
between using both late arterial and portal venous phases 
versus utilizing only portal venous phase [20]. By analyz-
ing results of 29 articles evaluating the role of MDCT in 
predicting resectability of PDAC, authors showed no sig-
nificant difference between studies utilizing only portal 
venous phase versus studies using both pancreatic and portal 
venous phases (positive predictive value of 75% versus 84% 
for predicting resectability of PDAC, respectively; p-value 
of  0.153) [20].

Neutral or low-Hounsfield-units (HU) oral contrast is 
recommended to visualize the stomach and small bowel 
and to minimize the MDCT artifacts during image post-
processing. Positive or high-density oral contrast should 

be avoided since it may obscure pancreatic pathologies and 
interfere with 3-dimensional (3D) post-processing [10, 11, 
18]. Pancreatic pathology may be incidentally detected on 
non-contrast MDCT obtained for other clinical indications—
all these lesions should be evaluated using biphasic protocol 
(incidentalomas are discussed in the next sections) (Fig. 2) 
[10, 11, 18].

Image data are obtained at a section thickness of 
0.62–0.75 mm (submillimeter) and reconstructed into 2–5 
mm axial slices for standard interpretation. For diagnosis 
and staging of PDAC, images are also routinely recon-
structed to create post-processing multiplanar recon-
struction (MPR) and 3D images, including maximum 
intensity projection (MIP) and volume-rendered (VR), 
which are essential for the detection of subtle changes 
and staging of PDAC (Fig. 3). It has been suggested that 
coronal and sagittal MPR images provide more accurate 
information about the resectability of PDAC, including 
vascular invasion and the relationship of the tumor to the 

Fig. 1   A 62-year-old female 
with pancreatic ductal adeno-
carcinoma (PDAC). Arterial 
phase of axial (a) and coronal 
(b) contrast-enhanced MDCT 
images show diffusely infiltra-
tive mass (yellow arrows) with 
encasement of celiac artery, 
splenic artery, common hepatic 
artery, as well as encasement 
and severe narrowing of portal 
superior mesenteric vein conflu-
ence (yellow arrowheads)

Fig. 2   A 73-year-old male presented with abdominal pain and clini-
cal suspicion of kidney stone. Pancreatic ductal adenocarcinoma 
was incidentally detected on non-contrast MDCT examination with 
the renal stone protocol. Axial non-contrast MDCT image (a) shows 

subtle fullness of the pancreatic tail (yellow arrow). The patient was 
assessed with biphasic contrast-enhanced MDCT, and hypoenhanc-
ing pancreatic mass (yellow arrow) was clearly defined on the venous 
phase of axial contrast-enhanced MDCT image (b)
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superior mesenteric artery (SMA), superior mesenteric 
vein (SMV), and celiac axis [14, 19, 23–27]. Whereas, 
MIP images are optimized to assess vascular anatomy 
and VR images are optimal for the evaluation of soft tis-
sues and vascular anatomy as well as complex relation-
ships between different structures and pathologies [14, 
19, 23–27]. Besides providing more accurate informa-
tion regarding tumor anatomy and vascular invasion, 3D 
reconstructions are useful for pre-operative planning. 
Fang et al. showed that 3D image reconstruction had sig-
nificantly higher diagnostic performance for predicting 
PDAC resectability when compared with CT-angiography 
[26]. Despite the fact that MDCT and reconstructed 3D 
images can be used for assessing vascular invasion, it 
should be noted that they are not perfect. Some studies 
demonstrated the lower accuracy of MDCT in evaluation 
of vascular invasion with the sensitivity of 60% and speci-
ficity of 94% [28]. In addition to traditional methods, cin-
ematic rendering (CR) as a novel 3D rendering technique 
can be used to generate photorealistic with more accurate 
information regarding the anatomical details (Fig. 3) [29, 
30]. CR can assist clinicians to visualize precisely the 
extent of tumor vascular invasion, which might be criti-
cal for surgical planning; however, the feasibility of this 
method and other novel techniques in routine clinical 
practice is yet to be studied [29, 31, 32].

Motion artifacts and incomplete anatomic coverage

MRI is usually reserved as a second-line modality for the 
diagnosis and staging of PDAC when contrast-enhanced 
MDCT is contraindicated (due to contrast allergy and/ or 
renal insufficiency) [11, 14]. Several studies have compared 
the diagnostic performance of MRI with contrast-enhanced 
MDCT [13, 33–36]. Most, but not all, studies have found 
that MDCT is more accurate in determining tumor resect-
ability (73–87%) than MRI (70–79%) [13, 33–36]. MRI may 
be more sensitive for detection of liver metastasis and may 
be superior in detecting small PDACs [37, 38]. Despite these 
promising findings regarding the diagnostic performance 
of MRI, these images should be interpreted with caution 
because of the possibility of motion and other artifacts [39]. 
MRI is more susceptible to motion artifacts in comparison to 
MDCT; these motion artifacts can obscure small tumors and 
lead to misdiagnosis. Motion can result in image blurriness 
and artifacts (Fig. 4) [40, 41]. Motion can be introduced by 
respiratory movements, bowel movements, voluntary move-
ments, and cardiac and vascular pulsations [39, 42]. Motion 
artifact can be categorized into ghost artifact, and artifacts 
due to randomly moving structures (e.g., bowel movement), 
repetitive motion (e.g., respiration), and moving fluid within 
defined spaces (e.g., vessels) [43, 44]. Each of these artifacts 
has its specific imaging features and radiologists must be 

Fig. 3   An 80-year-old male 
with pancreatic ductal adeno-
carcinoma (PDAC). Arterial 
phase of axial (a) and coronal 
(b) contrast-enhanced MDCT 
images demonstrate encased 
celiac artery and superior mes-
enteric artery (yellow arrows), 
and occlusion of portal conflu-
ence with prominent venous 
collaterals in pancreatic head. 
Reconstructed 3D images were 
obtained for better assessment 
of vascular anatomy. Venous 
phase of coronal contrast-
enhanced MDCT image with 
3D reconstruction (c) shows 
vascular invasion of PDAC (yel-
low circle). 3D image obtained 
using cinematic rendering (d) 
shows tumor (yellow arrow) 
encasement of the celiac artery 
(white arrow) and prominent 
venous collaterals in pancreas 
head
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familiar with the basic principles of abdominal MRI arti-
facts [43].

Several methods have been introduced to minimize 
motion artifacts, including direct correction (i.e., physical 
restraint, sedation, and antiperistaltic agents), respiratory 
and cardiac gating, minimizing acquisition time, suppres-
sion of signal in moving structures, signal averaging, and 

swapping the phase and frequency-encoding axes [43, 44]. 
However, no method can completely suppress MRI motion 
artifacts and radiologists should be aware of imaging fea-
tures of artifacts in order to prevent interpretation errors 
[43]. Furthermore, the pancreatic head and uncinate process 
may be incompletely included in axial MRI due to variability 
in patients’ breath-hold (Fig. 5). In this regard, it has been 

Fig. 4   A 67-year-old female 
with suspected pancreatic ductal 
adenocarcinoma (PDAC). The 
patient underwent MRI and 
PET/CT examinations, because 
of contrast allergy. Respiratory 
motion artifact and blurry mar-
gins of the pancreatic mass (yel-
low arrows) were seen on axial 
post-gadolinium T1-weighted 
MR (a) and axial fused PET/CT 
(b) images, which made it dif-
ficult to evaluate local vascular 
involvement (a critical element 
of cancer staging) of PDAC

Fig. 5   An 86-year-old male 
with intraductal papillary muci-
nous neoplasm (IPMN) who 
was followed up with MRI and 
MDCT examinations. Coronal 
MIP MRCP image (a) shows 
subtle hyperintense mass, 
which was partially visual-
ized on axial T2-weighted MR 
image (b) (yellow arrow). 
Follow-up MDCT examination 
10-months later reveals locally 
advanced pancreatic ductal 
adenocarcinoma on the venous 
phase of axial (c) and coronal 
(d) contrast-enhanced MDCT 
images (yellow arrows)
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shown that fast and turbo SE (FSE and TSE) sequences (with 
the lower acquisition time) are less prone to these artifacts 
[43–45]. Furthermore, image acquisition of single-shot FSE 
(SSFSE) is performed using a single breath-hold which 
results in decreased motion artifacts and better anatomic 
coverage when compared with FSE (typically takes 5–7 min) 
[45]. Lens et al. demonstrated that exhalation breath-hold 
(in comparison with inhalation breath-hold) and delaying 
acquisition until first 10 s of breath-holding might reduce 
the magnitude of pancreas and diaphragm motion and result 
in more stable anatomy [39]. Also, large body of evidence 
suggested using abbreviated MRI protocols (rather than the 
standard protocol) may improve MRI quality by reducing 
motion artifacts [46]. Due to the possibility of incomplete 
anatomy coverage, MRI technologists must be educated to 
recognize incomplete coverage through quality assurance.

The usefulness of positron emission tomography (PET)/
CT with F-18-fluorodeoxyglucose (FDG) for diagnosis of 
PDAC has been evaluated in a limited number of studies, 
and PET/CT may have an equivalent diagnostic accuracy 
compared to other cross-sectional imaging modalities [47, 
48]. However, it should be noted that using PET/CT also 
subjects to respiratory motion artifacts which is a major 
issue regarding the diagnostic performance and accuracy 
in staging [49].

Interpretation errors

Interpretation challenges due to intrinsic tumor 
features

Small tumor size

The survival of patients with small PDACs (particularly 
≤ 20 mm), 30% at 5 years, is better than it is for patients 
with larger cancers [50, 51]. However, small tumors are 
the most difficult to visualize and the sensitivity of MDCT 
is lower for detection of small PDACs (Fig. 6) [52, 53]. In 
a retrospective study by Yoon et al. with 33 PDAC patients 
who underwent CT prior to the diagnosis of PDAC, the 
tumor could be identified in 72.7% (24/33) of cases. Of 
these prospectively missed cases, 87.5% (21/24) were ≤ 20 
mm and 12.5% (3/24) were between 21 and 33 mm. [54]. 
In such cases, we can use two approaches; first, reviewing 
submillimeter thin MDCT slices and MPR images to mini-
mize volume averaging and improve visualization of small 
masses [14, 23–26]. Second, secondary signs are critical 
in detecting small PDACs [12, 17, 55, 56].

Using thin collimation technique and submillimeter 
slice section allows small tumors to be visualized better 

Fig. 6   A 74-year-old female 
admitted with abdominal 
pain and clinical suspicion of 
pancreatic ductal adenocar-
cinoma (PDAC). The patient 
underwent contrast-enhanced 
MDCT examination which was 
interpreted as normal, and a 
subtle hypoattenuating pancre-
atic lesion (yellow arrows) was 
missed on venous phase of axial 
(a) and coronal (b) contrast-
enhanced MDCT images. 
Follow-up MDCT examination 
8 months later shows locally 
advanced PDAC (red arrows) 
on venous phase of axial (c) and 
coronal (d) contrast-enhanced 
MDCT images
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[14, 23, 24]. However, utilizing thin-slice sections has 
some inherent limitations. It has been shown that thin-
section datasets were significantly larger regarding the 
volume of the images and it took longer to retrieve, recon-
struct, and interpret these images [57, 58]. Moreover, it 
has been demonstrated that thin-section CT images were 
less tolerant of compression and had more artifacts in 
comparison with thick-section images [59]. In this regard, 
several strategies such as limiting thin slices to one imag-
ing plane and using iterative reconstruction techniques can 
be utilized to compensate these limitations. Several studies 
also suggested that 3D and MPR reconstructions improve 
the conspicuity of small PDACs [14, 23, 24]. 3D images 
also have advantages in visualizing small tumors located 
at the junction of pancreatic and common bile ducts, which 
can be difficult to detect using axial or MPR images [14, 
23–26]. Regarding the secondary signs, the presence of 
common bile duct and main pancreatic ductal dilatation, 
pancreatic ductal caliber change and abrupt duct cut-off 
at the level of the tumor, abnormal pancreas contour, pan-
creatic atrophy, and pancreatitis are highly suspicious for 
small PDACs, even in the absence of a clearly defined 
mass (Fig. 7) [17, 55, 56]. Yoon et al. showed that second-
ary signs could be a solution to the concerns associated 
with detecting small PDACs [54]. They demonstrated that 
76% of small PDAC had secondary signs—with main pan-
creatic duct or common bile duct dilatation (63%), abrupt 
pancreatic duct cut-off (63%), parenchymal atrophy (21%), 
and contour abnormality (14%) [54].

Exophytic mass

A large spectrum of benign or malignant lesions of the pan-
creas can have an exophytic appearance on imaging. Up to 
58% of PDAC are partially exophytic [60]. Furthermore, 
pancreatic acinar cell carcinoma (ACC) are mainly charac-
terized by their exophytic features [61, 62]. These exophytic 

pancreatic masses with infiltrative growth pattern can be 
mistaken for peri-pancreatic lymph nodes, metastatic lym-
phadenopathy, lymphoma, neurogenic tumors, duodenal can-
cers, gastrointestinal stromal tumor (GIST), or diverticula, 
gastric masses, and primary retroperitoneal masses and vice 
versa—all these entities could also be confused with exo-
phytic PDAC on axial images. Subtle hypoenhancement of 
the pancreas in contiguity with the infiltration of soft tissue 
is the clue to the origin of exophytic mass (Fig. 8) [15, 23].

Isoenhancing mass

PDACs can sometimes be isoenhancing, and when they are, 
they are often misdiagnosed or unrecognized (Figs. 7 and 
9). Isoenhancing mass is defined as a lesion with an attenu-
ation difference of < 15 HU in comparison with background 
parenchyma in all phases [63, 64]. It has been shown that 
5–45% of PDACs are isoattenuating relative to the remain-
der pancreatic parenchyma on both late arterial and portal 
venous phases [63, 65, 66]. Isoenhancement is more com-
monly seen in smaller tumors, which make the diagnosis 
even more challenging [63, 66–68]. It should be noted that 
small isoattenuating PDAC should not be regarded as early 
cancers, since only a small proportion of these lesions are 
stage T1 tumors [54].

The detection of small isoattenuating PDAC relies on 
secondary signs including pancreatic duct abnormalities 
(i.e., abrupt pancreatic duct cut-off, main pancreatic duct 
or common bile duct dilation) and changes in the contour 
of the pancreas (Fig. 7) [63, 66]. Based on our experience, 
presence of abrupt caliber change of pancreatic duct with 
atrophy should be considered as equivalent to the presence 
of pancreatic mass until proven otherwise and warrants 
additional assessments. However, Tamada et al. showed 
that 14% of PDACs have no secondary signs [56]. They 
also demonstrated that isoattenuating tumors located in the 
uncinate process are less likely to show secondary signs of 

Fig. 7   Coronal (a) and coronal 
oblique (b) post-contrast MDCT 
image from a 58-year-old 
female with a history of renal 
cell carcinoma who underwent 
nephrectomy and were followed 
up with MDCT. Abrupt cut-off 
of the dilated pancreatic duct 
(yellow arrows) with a subtle 
hypoattenuating mass in the 
pancreatic neck (yellow arrow-
heads) (representing PDAC) 
was observed on follow-up 
images
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main pancreatic duct or common bile duct obstruction [56]. 
Tumors located in the tail of the pancreas are less likely to 
demonstrate pancreatic duct dilatation. In these instances, 
subtle textural changes and loss of normal fatty lobulations 
(Figs. 9–10) may serve as clues for an underlying mass. 
Some reports also suggested using the split-bolus technique 
(combines pancreatic phase and portal venous phases in a 
single scan) and delayed phase technique (in which addi-
tional delayed phase in the upper abdomen is performed at 
5 min) to increase the sensitivity of MDCT in the detection 
of small isoattenuating PDACs [68]. Furthermore, MRI and 

PET/CT may be helpful in this regard, with the sensitivity of 
79.2% and 73.7%, respectively, for detecting isoattenuating 
PDAC [63]. It has been suggested that dynamic MRI can 
unmask 80% of the isoattenuating PDACs (Fig. 9) [69]. On 
the other hand, the most clinically relevant differential diag-
noses including focal autoimmune pancreatitis (AIP) and 
benign focal pancreatic ductal stricture could also be dis-
tinguished from isoattenuating PDAC using MRI and PET/
CT [70, 71]. In addition to PDAC, a quarter of insulinomas 
are also isoattenuating on biphasic MDCT [64]. Whole-
pancreas CT perfusion, T1-weighted MRI, and quantitative 

Fig. 8   Venous (a) and arterial 
(b) phase of axial contrast-
enhanced MDCT image from 
a 76-year-old female with pan-
creatic ductal adenocarcinoma. 
Images show an exophytic 
uncinate process mass (yellow 
arrows)

Fig. 9   Axial (a) and coronal 
(b), venous phase, post-
contrast MDCT images from a 
60-year-old male show subtle 
isoenhancing uncinate process 
mass (yellow arrows) and loss 
of normal fatty lobulation 
which was not recognized on 
outside CT examination. After 
2-months, follow-up axial 
T2-weighted MR (c) and axial 
post-Gad T1-weighted MR (d) 
images from the same patient 
show subtle heterogeneously 
enhancing mass (yellow arrow-
heads), which was pathologi-
cally proven to be pancreatic 
ductal adenocarcinoma
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assessment of the ADC values have been suggested to be 
useful to identify pancreatic isoattenuating insulinomas [64, 
72].

Subtle pancreatic duct irregularity

Among secondary imaging features of PDAC, we empha-
sized the importance of irregularities of the main pancreatic 
duct. The pancreatic duct needs to be carefully evaluated for 
any subtle contour irregularities, filling defects, or obstruc-
tive lesions. Several case reports have documented patients 
suspected to PDAC who were believed to have normal find-
ings on previous MDCT and MRI, but subtle pancreatic duct 
irregularity was found in the re-assessment of prior images 
or endoscopic retrograde cholangiopancreatography (ERCP) 
[73–75]. From our experience, subtle pancreatic duct irregu-
larity may be best shown on oblique coronal and sagittal 
MPR CT (and MR) images that optimizes visualization of 
the pancreatic duct (Fig. 11). Any luminal irregularity or 

filling defect in the pancreatic duct should be further evalu-
ated with MRCP or endoscopic ultrasound [76].

Diffuse tumor infiltration

Only 5% of PDACs are diffusely infiltrative, but when they 
are the imaging findings can mimic an inflammatory process 
such as AIP, as well as pancreatic lymphoma, pancreatoblas-
toma, and metastasis (Fig. 12) [77]. Although the final diag-
nosis can be confirmed by clinical history, lab values, and/
or tissue sampling, radiologists should be familiar with the 
main imaging features of these differential diagnoses [77].

Diffuse AIP manifests as diffuse enlargement of the 
pancreas with delayed enhancement which is known as 
“sausage-like” gland, the presence of a hypodense ‘‘halo’’ 
surrounding the pancreas, loss of lobular morphology, 
loss of visualization of the main pancreatic duct, and by 
the presence of a rim like enhancement in delayed phase 
(Fig. 13) [77–80]. Lack of main pancreatic duct dilation 

Fig. 10   A 65-year-old male with pancreatic ductal adenocarcinoma. 
(a) Axial, venous phase, post-contrast MDCT image shows sub-
tle isoenhancing mass in the pancreatic neck (yellow arrow). Axial 

(b) and coronal (b), venous phase, images with cinematic render-
ing accentuate focal textural change at the level of the mass (yellow 
arrows)

Fig. 11   Axial (a) and sagittal 
oblique (b), venous phase, post-
contrast MDCT images from an 
82-year-old female demonstrate 
dilated pancreatic duct and 
subtle pancreatic duct irregular-
ity (yellow arrows). The patient 
underwent Whipple resection 
surgery, which confirmed the 
presence of pancreatic ductal 
adenocarcinoma (7 mm mass)
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can differentiate diffuse AIP from diffuse PDAC [77–80]. In 
addition, elevated IgG4 levels suggest AIP, but IgG4 can be 
normal in some AIP patients and normal serum IgG4 does 
not exclude AIP [81]. As part of both diagnosis and treat-
ment, most AIP patients show excellent response to steroids 
[82, 83]. The imaging features of focal pancreatitis including 

focal AIP, acute pancreatitis, and chronic pancreatitis can 
mimic a focal mass, and the possible interpretation errors 
are discussed in the next sections.

The second differential diagnosis for diffuse infiltration 
of the gland is pancreatic lymphoma (Fig. 14) [77, 84, 85]. 
Several imaging features of diffuse pancreatic lymphoma 

Fig. 12   Axial (a, b) and coronal (c), venous phase, post-contrast 
MDCT images from a 62-year-old female show diffuse heterogene-
ous enlargement, mild irregular main pancreatic duct dilatation, and 
severe narrowing superior mesenteric vein. Based on the MDCT 

findings, pancreatic biopsy was obtained to confirm the diagnosis 
(potential differential diagnoses: inflammatory process or neoplasm). 
Histopathological study confirmed the presence of pancreatic ductal 
adenocarcinoma

Fig. 13   A 65-year-old female 
with autoimmune pancreatitis 
(AIP). Axial (a) and coronal 
(b), venous phase, post-contrast 
MDCT examinations show fusi-
form sausage-like enlargement 
of pancreas with peripheral 
hypoattenuating halo (yellow 
arrow)

Fig. 14   A 63-year-old male 
diagnosed with diffuse large 
B-cell lymphoma with involve-
ment of pancreas and spleen. 
Axial (a) and coronal (b), 
venous phase, post-contrast 
MDCT examinations show dif-
fuse infiltrative mass throughout 
pancreatic body and tail (yellow 
arrows). Lack of pancreatic 
ductal dilation is against PDAC 
diagnosis. Presence of splenic 
lesion (yellow arrowheads) and 
additional abdominal lymphade-
nopathy should raise lymphoma 
as a diagnostic consideration
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can be used to distinguish it from PDAC [77, 84]. In general, 
pancreatic lymphoma is less likely to cause significant main 
pancreatic duct and common bile duct dilatation compared 
to PDAC (Fig. 14) [77, 84]. In pancreatic lymphoma, mild 
common bile duct dilatation is more common than is main 
pancreatic duct dilatation [77, 84]. Enlarged lymph nodes, 
infiltration to retroperitoneal or abdominal organs, and inva-
sive tumor growth with loss of anatomic boundaries are also 
more commonly seen in lymphoma (Fig. 14) [77, 84]. Also, 
vascular invasion, tumor calcification, and necrosis are less 
common in pancreatic lymphoma than in PDAC [74, 84]. 
Considering the better prognosis of pancreatic lymphoma 
and availability of chemotherapy as an effective treatment, 
the accurate diagnosis of lymphoma and distinguishing it 
from PDAC is critical [86].

Metastases to the pancreas are most commonly from 
cancers of the kidney, lung, breast and colorectal, and from 
melanoma [87, 88]. Overall, 15–44% of pancreatic metas-
tases have a diffuse morphological pattern [87, 88]. The 

appearance of pancreatic metastases can be similar to pri-
mary PDAC on MDCT [87–89]. Pancreatic metastases often 
show peripheral or homogeneous (less common) enhance-
ment; while PDACs are generally hypoattenuating lesions 
[87–89].

Interpretation challenges due to coexisting 
or underlying pathologies

PDAC in patients with chronic pancreatitis

Differentiation of PDAC from coexisting and/or underly-
ing chronic pancreatitis remains a real challenge (Fig. 15). 
Chronic pancreatitis is associated with ~ 8-fold increased 
risk of PDAC within 5 years, and overall 5% of patients with 
chronic pancreatitis have concurrent PDAC [90]. Therefore, 
it has been recommended to closely follow-up patients with 
chronic pancreatitis, even in the first years after diagnosis, 
to avoid missing coexisting cancer [91].

Fig. 15   A 71-year-old female 
with chronic pancreatitis. Axial 
(a, b), venous phase, post-
contrast MDCT images show 
dilated pancreatic duct (yellow 
arrow) with parenchymal cal-
cifications (yellow arrowhead). 
Axial post-Gad T1-weighted 
MR (c) and axial DW MR (d) 
images from the same patient 
show hypoenhancing pancreatic 
head mass with restricted dif-
fusion (red arrows). Pancreatic 
biopsy was obtained and the 
presence of pancreatic ductal 
adenocarcinoma was pathologi-
cally confirmed
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In some cases, chronic pancreatitis can form a focal mass 
mimicking the appearance of PDAC. Furthermore, both 
chronic pancreatitis and cancer can cause pancreatic duct 
dilation. Thus, pancreatic ductal dilatation and parenchymal 
heterogeneity in chronic pancreatitis of the background pan-
creas can make it difficult to detect a superimposed PDAC 
(Fig. 15) [92, 93]. The appearance of pancreatic duct dilation 
may help make this distinction [15, 92, 93]. Abrupt termina-
tion of the pancreatic or common bile duct and smooth duct 
dilatation are more suggestive of a PDAC; whereas irregular 
duct dilation, diffuse parenchymal calcifications, and paren-
chymal atrophy favor the presence of chronic pancreatitis 
[92, 93]. In equivocal cases, other modalities such as PET, 
MRI (especially DWI sequence), perfusion CT, EUS, and 
biopsy could be used to establish the diagnosis (Fig. 15) [15, 
92–96]. However, none of these methods can be considered 
as the reference standard and the most sensitive modality for 
nonsurgical detection of PDAC (in the context of chronic 
pancreatitis) is EUS-guided biopsy followed by cytopatho-
logical examination [97–101].

18FDG-PET can help distinguish PDAC from mass-
forming chronic pancreatitis with the pooled sensitivity and 
specificity of 90% and 84%, respectively [48]. The diag-
nostic performance of MRI DWI in distinguishing PDAC 
and mass-forming chronic pancreatitis has been evaluated 
by a handful of studies with conflicting and inconsistent 
results [102]. Some reports showed lower ADC values for 
cancer when compared with pancreatitis, and other reports 
demonstrated higher or equivalent ADC values [103, 104]. 
Therefore, DWI is not recommended in routine clinical prac-
tice to distinguish cancer from pancreatitis. Perfusion CT is 
performed by serial image acquisition during contrast injec-
tion and its acquired datasets can be assessed using time-
attenuation-curve color-coded perfusion maps and semi-
quantitative/quantitative analytical methods. It has been 

shown that perfusion CT driven parameters could help to 
differentiate mass-mimicking pancreatitis from PDAC [95, 
96]. In this regard, studies showed that perfusion CT indices 
including blood volume (BV), blood flow (BF), mean tran-
sit time (MTT), and permeability surface area product (PS) 
maps could provide sensitivity of 84.6–100% and specificity 
of 67.9–100% in differentiation between PDAC and mass-
mimicking chronic pancreatitis [95, 96]. In comparison with 
other imaging modalities, EUS and EUS-guided fine needle 
biopsy are more accurate in establishing the diagnosis of 
PDAC with the sensitivity and specificity of more than 85% 
and 95%, respectively [97–101]. Although the sensitivity 
and specificity of EUS-guided biopsy decrease to 75% in the 
context of chronic pancreatitis, performing more than seven 
biopsies using larger needle increases the sensitivity and 
specificity to > 90% [97–101]. Therefore, any morphologic 
changes over serial examinations of subjects with chronic 
pancreatitis may prompt further evaluation with EUS-guided 
biopsy [97–101].

Distinguishing focal AIP from PDAC can also be very 
challenging (Fig. 16) [105–107]. Similar methods (i.e., PET, 
DWI, EUS, and biopsy) can be utilized, as can serum IgG4 
levels; however, as noted earlier, normal serum IgG4 does 
not exclude AIP [81]. Specific imaging features of AIP are 
also completely discussed earlier.

PDAC arising from intraductal papillary mucinous 
neoplasm (IPMN)

IPMNs account for 20% of all cystic pancreatic neoplasms 
and are divided into main-duct, branch-duct, and mixed sub-
types [108, 109]. Most IPMNs are incidentally detected on 
cross-sectional imaging performed for other clinical indica-
tions, and it has been estimated that half of the incidentally 
detected pancreatic cysts are IPMNs [110]. As pre-cancerous 

Fig. 16   A 64-year-old female with autoimmune pancreatitis (AIP). Axial (a) and coronal (b), venous phase, post-contrast MDCT image shows 
focal enlargement of the pancreatic head (yellow arrow) with mild common bile duct dilatation (red arrow)
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lesions, IPMNs can progress to higher grades of dysplasia 
and to invasive PDAC, which results in the coexisting malig-
nancy rate of 12–68% [108, 111]. In this regard, the precise 
diagnosis of PDAC arising from IPMN is of importance, 
since 10% of diagnosed PDACs are related to the underlying 
IPMNs [110].

Imaging features that may predict malignancy include 
the presence of enhancing mural nodules, presence of solid 
focal components, cyst size of ≥ 3 cm, main pancreatic duct 
dilatation (especially caliber of ≥ 10 mm), thick/enhanced 
wall and/or septum (Fig. 17) [112, 113]. Guidelines rec-
ommended surgical resection for all symptomatic IPMNs, 
asymptomatic main-duct and mixed IPMNs, and branch-
duct IPMNs with high-risk features [114–116]. Asympto-
matic branch-duct IPMNs without high-risk features are 
usually followed using serial exams [114]. Although MDCT 
and MRI are traditionally used for these serial assessments, 
the solid components of IPMNs and superimposed PDACs 
can be difficult to detect on non-contrast MRI and MDCT 
[110, 117]. At our institution, MRCP is routinely performed 
with IV contrast to facilitate detection of a solid component 
or synchronous PDAC. It has been suggested that MRCP 
as a reliable and noninvasive method, possess higher diag-
nostic performance in visualizing subtle changes and com-
plex cystic mass related to the branch-duct IPMN [114, 
118–120]. Other diagnostic modalities including MDCT, 
MRI, ERCP, EUS, and 18FDG-PET/CT can also be used to 
serially evaluate branch-duct IPMNs [121–124]. The pres-
ence of an enhancing solid component and other “high-risk 
stigma” should prompt further evaluation with EUS and/or 
biopsy; high-risk patients should undergo surgical resection 
based on the results of the EUS and biopsy [110, 114].

Interpretation challenges due to cognitive errors

Distracting findings

Distraction errors include reader fatigue, interruptions 
to look at other cases, phone calls, etc. Among all these 
causes, satisfaction of search has been considered as one of 
the leading causes of interpretation errors [125]. Satisfaction 
of search, also known as premature closure, is defined when 
identifying initial abnormality on an image halts searching 
and result in prematurely ended examination and therefore 
other abnormalities are missed [126, 127]. In the context 
of multiple-target search (e.g., MDCT of the pancreas), the 
goal is to detect all targets using a detailed search termina-
tion rule [128]. As it was mentioned earlier, PDAC may 
coexist or arise from underlying IPMNs and pancreatitis. 
IPMNs and other cystic lesions are easy to detect due to the 
relatively large difference in signal compared to background 
pancreas (Figs. 18–19). Radiologists can be distracted by 
these cystic lesions and fail to detect the subtle synchronous 
PDAC (Figs. 18–19).

Incidental findings

Pancreatic pathologies may be present on examinations 
obtained for other clinical indications. The radiologists may 
be focusing most of his or her energy searching for patholo-
gies in other organs and pay relatively less attention to the 
pancreas. At our institution, approximately 6% of PDAC 
patients who underwent surgical resection presented with 
an incidental pancreatic mass [129]. In another report, 30% 
of patients with incidentally diagnosed pancreatic mass were 
diagnosed with PDAC [130]. Furthermore, pancreatic cysts 
are incidentally detected in 2.6–19.6% of abdominal cross-
sectional imaging, and more than half of PanNETs are iden-
tified incidentally [131–134]. In such cases, accurate diagno-
sis of cancer is challenging due to the suboptimal protocol or 

Fig. 17   A 71-year-old female 
referred from the outside insti-
tution for intraductal papillary 
mucinous neoplasm (IPMN) 
which was diagnosed based 
on MRI findings. The solid 
component with intermedi-
ate T2-weighted MR image 
(a) was not appreciated at the 
outside exam (yellow arrows). 
The patient was assessed using 
MDCT; venous phase of axial 
contrast-enhanced MDCT 
image (b) reveals solid and 
cystic mass due to a pancreatic 
ductal adenocarcinoma arising 
from the IPMN (red arrows)
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“edge-of-film” effect. Therefore, systematic evaluation of all 
organs within the field of view is essential, and all incidental 
pancreatic masses should be precisely assessed using bipha-
sic MDCT protocol with an optimal field of view [112].

Interpretation challenges due to mimickers of PDAC

Focal fatty infiltration

Focal fatty infiltration is a relatively common finding in the 
adult population, especially in old or obese subjects [135]. 
Focal fatty infiltration is most prominent in the anterior 
aspect of the pancreatic head and uncinate process, while 
the posterior aspect is usually spared. There is also spar-
ing of the ventral anlage, which forms the caudal portion 
of the pancreatic head and uncinate process, due to paucity 
of fat cells [135]. If fatty infiltration contains a sufficient 
amount of fat, it can be detected on non-contrast MDCT 
by measuring fat attenuation units. However, in the case 

of insufficient fat, the lesion may not show significant fat 
attenuation and can mimic PDAC on MDCT (Fig. 20) [135]. 
In these instances, the absence of mass effect on the com-
mon bile duct and pancreatic duct, ductal dilation, abnormal 
pancreatic contour, abnormal pancreatic parenchyma, and 
vessel displacement can be used to differentiate focal fatty 
infiltration from PDAC [135, 136]. The characteristic fat 
signal on MRI can confirm the diagnosis and differentiate 
focal fatty infiltration from PDAC (Fig. 20) [135, 137, 138].

Intrapancreatic accessory spleen (IPAS)

Failure of the fusion of splenic anlage in the dorsal mes-
ogastrium results in accessory spleens during embryogenesis 
[139]. It has been reported that up to one-third of patients 
have an IPAS in postmortem autopsies [140]. However, 
these lesions are rarely detected on a routine MDCT due to 
their small size and the limited resolution of conventional 
imaging modalities [141]. IPAS may mimic PanNET, and 

Fig. 18   A 68-year-old man who presented for evaluation of intra-
ductal papillary mucinous neoplasm (IPMN). a, b Axial, venous 
phase, contrast-enhanced MDCT images show IPMN in the pan-
creatic tail. Subtle hypoenhancing mass (yellow arrows) was also 
detected in the pancreatic body in addition to a cystic mass in the 

pancreatic tail (yellow arrowhead) and pancreatic duct dilation (red 
arrow). c After 6-months, follow-up axial, venous phase, contrast-
enhanced MDCT image demonstrates metastatic pancreatic ductal 
adenocarcinoma with liver metastases (red arrowhead)

Fig. 19   Axial (a) and coronal (b), venous phase, post-contrast MDCT 
images from a 73-year-old man with multifocal intraductal papillary 
mucinous neoplasms (IPMNs) show a subtle solid enhancing mass in 
the pancreatic head (yellow arrows) that has a different appearance 

than background IPMNs. The patient underwent biopsy and the pres-
ence of pancreatic ductal adenocarcinoma was pathologically con-
firmed
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hypervascular metastases on MDCT; so, it can be considered 
as a potential source of interpretation errors [141–143].

IPAS should mirror splenic attenuation and signal on 
all MDCT phases and MRI sequences (Fig. 21) [141–143]. 
Since the attenuation of the spleen is higher in compari-
son with the pancreas, IPAS can be easily detected during 
all phases of biphasic MDCT [141–143]. Similarly, IPAS 
shows lower signal on T1-weighted MRI and higher signal 
on T2-weighted MRI [141–143]. Furthermore, IPAS usually 
located at the tip or along the dorsal surface of the pancreatic 
tail [143]. Other imaging characteristics and methods includ-
ing arciform splenic enhancement pattern in arterial phase, 
super-paramagnetic iron oxide-enhanced MRI, technetium 
99m (Tc-99m) heat-damaged red blood cell scintigraphy, 
and Tc-99m sulfur colloid scintigraphy [144] can also be 
obtained to confirm the diagnosis when IPAS suspected 
[143, 145, 146].

Pancreatitis

Inflammatory soft-tissue infiltration and parenchymal het-
erogeneity in the setting of pancreatitis can mimic PDAC. 

All types of pancreatitis, including acute and chronic pan-
creatitis as well as AIP can mimic PDAC. Due to the high 
rate of co-occurrence between these conditions and possible 
causal relationships between pancreatitis and PDAC, radi-
ologists should be familiar with the distinct imaging features 
of acute/chronic pancreatitis (Fig. 22) and focal/diffuse AIP, 
to distinguish them from PDAC (described in prior sections). 
In this regard, it has been suggested that the risk of PDAC 
is ~ 10 times higher in patients with a primary episode of 
acute pancreatitis, especially in patients who develop chronic 
pancreatitis [147]. Acute pancreatitis can also be the first 
presentation of underlying PDAC [147]. As such, imaging 
follow-up and screening are important to exclude underly-
ing PDACs after an episode of acute pancreatitis, and radi-
ologists should be able to detect PDAC in the context of 
pancreatitis.

Fig. 20   Axial, venous phase, post-contrast MDCT image (a), axial in-phase (b) and axial out-of-phase (c) MR images from a 39-year-old man 
show focal fatty infiltration of the pancreas (yellow arrows)

Fig. 21   Arterial (a) and venous 
(b) phase of axial contrast-
enhanced MDCT from a 
79-year-old man show intrapan-
creatic accessory spleen (IPAS) 
(yellow arrows). IPAS mimics 
pancreatic ductal adenocarci-
noma and pancreatic neuroen-
docrine tumors. Enhancement 
of the mass is same as spleen on 
both arterial and venous phase, 
which confirms the diagnosis 
of IPAS
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Conclusion

MDCT is one of the most commonly used imaging modali-
ties for the initial evaluation of suspected PDAC. Several pit-
falls are associated with diagnoses of PDAC using MDCT. 
Optimal imaging technique is key to the detection of subtle 
cases, and errors in each step of image acquisition carry a 
potential for contributing to misdiagnosis. Accurate diag-
nosis requires familiarity with a variety of factors that can 
lead to interpretation errors. Detection of PDAC can be chal-
lenging due to intrinsic tumor features and presence of coex-
isting pathology that can distract the radiologist from the 
more subtle lesions. Normal structures and non-neoplastic 
diseases can also mimic the imaging appearance of PDAC. 
Recognition and mitigation of such technical and interpre-
tation errors can help early PDAC diagnosis and improve 
patient prognosis.
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