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Mistakes in pancreatobiliary imaging and how to avoid them

Marianna Arvanitakis and Martina Pezzullo

Multidetector computed tomography (CT) and magnetic resonance imaging (MRI)
with magnetic resonance cholangiopancreatography (MRCP) are cross-sectional
imaging modalities largely used for patients with pancreatobiliary diseases.!
Despite recent technological advances, correct use and interpretation of related
radiological findings require good clinical judgment and collaboration between
gastroenterologists and radiologists. In this article, we highlight mistakes
frequently made during the radiological investigation and interpretation of findings
in patients with suspected pancreatobiliary diseases, based on the available

literature and on our clinical experience.

Mistake 1 Not describing or looking for
anatomical variants

Laparoscopic cholecystectomy is currently

the standard procedure for treatment of
symptomatic gallstone disease.” Bile duct injury
can occur during the procedure with an incidence
up to 0.7% and, albeit rare, can be associated
with significant morbidity and even mortality.*
Biliary anatomical variations can lead to
perioperative misinterpretation and are a risk
factor for bile duct injury.® If no preoperative MRI
is performed or biliary anatomical variations are
not taken into account when reporting the MRI
findings, the likelihood of bile duct injury and

Figure 1 | Imaging the cystic duct. a | 2D MRCP
showing that what looks like the cystic duct (arrow) is
actually the right posterior duct separately originating
from the common bile duct. b | The cystic duct (thick
arrow) is originating from the right posterior duct.

postoperative complications, such as biliary
leakage, is increased.

e
Figure 2 | Interpreting intraductal findings. a-c | Intraductal filling defects. a| MRCP shows two intraductal filling
defects (arrows). b | T1-weighted image of the hepatobiliary phase shows that the structures have different
signals as one is a stone (thin arrow) and the other is a metallic clip (thick arrow) causing a blooming artefact.

¢ | CT confirms the presence of a metallic clip (thick arrow). d-f| Pulsation artefact. MRCP shows a pancreatic
tail duct stricture (arrow)(d) that is actually a pseudostricture caused by the adjacent splenic artery, as seen in
the T2-weighted image (arrow) (e) and the T1-weighted post-contrast image (arrow) (f).

There are several biliary anatomic variations to
be aware of that may lead to perioperative biliary
injury: perihilar insertion of the cystic duct defined
as a short cystic duct with an insertion <1 cm from
the hilum; posterior insertion of the cystic duct
into the common bile duct (CBD); direct insertion
of a segmental/sectoral right hepatic duct into the
gallbladder or the cystic duct; and insertion of a
right sectoral/segmental hepatic duct directly into
the CBD (figure 1).3°

MRCP is considered the gold standard
imaging modality for preoperative evaluation of
the biliary tree.® Indeed, in a recent prospective
study including 402 patients undergoing
preoperative MRCP and subsequent laparoscopic
cholecystectomy, MRCP assisted in the
identification of anatomical variations in 105
patients (26%).° Performing multiplanar
acquisition helps the detection of anatomical
variants on MRCP images.

Mistake 2 Misinterpreting MRCP images
regarding intraductal findings

MRCP can accurately detect biliary stones

and ductal strictures of the biliary and pancreatic
ducts.** However, bile is a dynamic fluid and can
produce flow voids that mimic a stone, particularly
where the cystic duct joins the CBD. Additional
biliary stone mimics include pneumobilia

(the presence of air) related to previous
sphincterotomy, debris, mucin, haemobilia (the
presence of blood clots), clips and tumours within
the biliary tree.? It is important to distinguish
between stones and air, as the presence of air does
not necessarily imply an indication to proceed to
biliary drainage by endoscopic retrograde
cholangiopancreatography (ERCP). In challenging
cases, concomitant radiological assessment with
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Figure 3| 1gG4 cholangiopathy. a | Hilar biliary stricture Bismuth type Il (arrow) with upstream dilatation on MR

cholangiogram. b | No visible mass on contrast enhanced CT (arrow). Cytology brushings were negative but

surgical histology revealed 1gG4 cholangiopathy.

Figure 4 | Cholangiocarcinoma. Long common bile duct stricture (arrow) without mass on
MRI T2 W coronal sequence (a) and MR cholangiogram (b). Cytology brushings were negative but surgical
resection revealed stage T2 cholangiocarcinoma.

other modalities such as CT can help narrow the
diagnosis (figure 2a—-c).

Similarly, images depicting ductal strictures
may be false and these findings can be attributable
to patient-related factors, secondary to the MR
imaging technique used or due to post-processing-
related factors.® Frequent causes suggestive of a
false image of a biliary stricture include the
‘blooming artifact’ (a susceptibility artifact due to
cholecystectomy metal clips) and the ‘pulsation
artifact’ of the hepatic artery.® The pulsation artifact
can also give the impression that there is a stricture
of the pancreatic duct, related to the splenic
artery (figure 2d-f). When assessing a possible
stricture, careful review of axial and coronal
images obtained during MRI help to avoid
misinterpretation.

Mistake 3 Assuming all biliary strictures
are malignant

Despite the fact that the majority of biliary
strictures are malignant (only 5-25% have a
benign cause), the potential morbidity and even
mortality related to unnecessary surgical resection
should be taken into consideration.” Causes of
benign biliary strictures include iatrogenic

biliary injury following hepatobiliary surgery,
primary sclerosing cholangitis, |gG4-related
cholangiopathy, ischaemic cholangitis, recurrent
pyogenic cholangitis, AIDS-related cholangitis,
and eosinophilic cholangitis.® The clinical context
(pain, weight loss, previous medical and surgical
history, laboratory tests and associated diseases)
is crucial to improve the diagnostic yield.®
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The specificity of MRCP for differentiating
between benign and malignant biliary strictures
varies widely, from 30% to 98%.? In general, benign
strictures tend to have smooth borders with
tapered margins, whereas malignant strictures
are suggested by the presence of an irregular,
asymmetric, longer (>12mm) stenosis with
shouldered margins, increased enhancement and
an indistinct outer margin.® Furthermore, a
diffuse or multifocal character mostly relates
to autoimmune or inflammatory causes.?
Cross-sectional T1-weighted and T2-weighted MRI
sequences add specificity, and the presence
of an associated mass lesion is suggestive of a
malignant cause.® Conversely, mass-forming
IgG4-related sclerosing cholangitis resembling
hilar cholangiocarcinoma has been described,
thus potentially leading to unnecessary
surgery owing to suspected malignancy
(figure 3).°

Mistake 4 Considering all biliary strictures
without a mass and negative brushings as
benign

As already stated, the presence of a mass adjacent
to a biliary stricture is suggestive of malignancy.
Nevertheless, the absence of a mass does not
always mean the cause is benign. Indeed,
cholangiocarcinoma can be categorized into
different growth types on the basis of morphologic
features and growth patterns—mass-forming,
periductal infiltrating and intraductal.° On MR
imaging, the periductalinfiltrating and intraductal
growth types appear as single or multifocal

biliary strictures, with focal or diffuse ductal
thickening with or without contrast enhancement,
and intraductal polypoid growth.® These findings
are nonspecific and may mimic a wide spectrum of
inflammatory conditions involving the bile ducts
(figure 4).

ERCP has an important role in the diagnosis of
cholangiocarcinoma as intraductal brush cytology
and forceps biopsies may establish the diagnosis.
Nevertheless, the sensitivity of the techniques
described, even combined, does not exceed 60%,
leaving the possibility of false-negative results.*
Therefore, an intraductal brushing or forceps
biopsy revealing no malignant cells should be
repeated or complemented with additional

Figure 5| Autoimmune pancreatitis. a | T2-weighted image shows focal pancreatic gland enlargement (arrow) with mild peripancreatic infiltration. b | Irregular
hypersignalin DWI (arrow). ¢ | MRCP shows multifocal duct narrowing (arrows) and diffuse irregularity suggesting autoimmune pancreatitis. d | Complete resolution of
abnormalities of the duct after steroid treatment.
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investigations when clinical features or outcome
suggest malignancy.'®

Mistake 5 Failing to identify autoimmune
pancreatitis

Two subtypes of autoimmune pancreatitis (AIP)
have been described: type 1 is an IgG4-related
lymphoplasmacytic sclerosing pancreatitis,
whereas type 2 is an idiopathic, duct-centric
pancreatitis.® Clinical presentation (jaundice,
abdominal pain, weight loss) and imaging features
(focal parenchymal enlargement) can falsely
suggest the presence of a malignant lesion and
erroneously lead to surgery.* Typical features of
AlP include diffuse enlargement of the gland
with loss of globular contours, described as a
‘sausage-like’ appearance, minimal or absent
peripancreatic infiltration, a capsule-like rim
enhancement surrounding the pancreas,

and the absence of calcifications or vascular
encasement.!

Dynamic contrast-enhanced CT or MR
imaging may help differentiate focal AIP from
pancreatic adenocarcinoma. Both lesions
appear hypovascular in the pancreatic arterial
phase compared with the surrounding
parenchyma, but during the portal venous
phase, focal AIP may show some enhancement
while pancreatic adenocarcinoma usually
remains hypodense.'* MR imaging can further
assess pancreatic and biliary ducts, which may
present with narrowing, irregularity and
multifocal strictures with mild upstream
dilatation in patients with AIP.*

MRI diffusion-weighted imaging (DWI) is
afunctional technique that reflects the
characteristics of tumour tissues, such as cellular
density and the integrity of cell membranes, based
on the erratic motion of water molecules that is
quantitatively expressed as an apparent diffusion
coefficient (ADC).! Pancreatic adenocarcinoma
provokes a dense fibrotic process, which can give
alower ADC value due to the restriction diffusion
often associated with fibrosis.! Similarly, AIP will
also present with a low ADC, due to the increased
density of the pancreatic parenchyma associated
with periductal inflammation.*? A distinctive
feature that can differentiate the two diseases is the
impressive response to steroid treatment that is
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Figure 7 | Pancreatic duct stricture. An MRCP image reveals a focal pancreatic duct stricture (arrow) (a) without
any measurable mass in axial T2W image (b) but with focal restriction in DWI (arrow) (c). EUS-guided fine needle
aspiration confirmed a pancreatic ductal adenocarcinoma of less than 2 cm. Reproduced with permission from
Zamboni GA, et al. Abdom Radliol (NY) 2020; 45: 1410-1419 © (2020) Springer Nature Switzerland AG.

experienced by 90% of patients with AP, regarding
both clinical and imaging features (figure 5).°

Mistake 6 Thinking all hypervascular
pancreatic lesions are neuroendocrine
neoplasms

Pancreatic neuroendocrine neoplasms (PNENSs)
are rare tumours that constitute approximately
1-3% of all pancreatic neoplasms.**They

are often well-circumscribed solid lesions that
appear hyperattenuated on arterial and portal
venous phase CT images because of their rich
vascularity.®* These same features may also be
encountered in cases of intrapancreatic accessory
spleen (IPAS).1+* Accessory spleen is a benign
condition in which splenic tissue is found outside
of the spleen, elsewhere in the abdomen and
pelvis, and it is found in approximately 10% of
adult patients in autopsy studies.*

The second most common location for IPAS
is the tail of the pancreas (16.7%), following the
perihilar area of the spleen.* There are three CT
and MR signs in dynamic studies that may help
in differentiate IPAS from PNENSs: location in the
dorsal surface of the pancreas, heterogeneous
enhancement in the arterial phase, and a similar
enhancement pattern to the spleen in venous and
late phases.* Similarly, DWI or T2-weighted MRI
can likewise suggest IPAS if the lesion is isointense
with the spleen (figure 6).*

Further studies that can help refine the
diagnosis and avoid unnecessary surgery are
Technetium-99m sulfur colloid radiolabelled
heat-damaged red blood cells and endoscopic
ultrasound (EUS) guided fine needle aspiration
(FNA).}+# On EUS IPAS appears hypoechoic or

Figure 6 | Intrapancreatic accessory spleen. An intrapancreatic accessory spleen (arrow) is seen as a focal

nodular lesion showing the same enhancing pattern of adjacent splenic parenchyma in arterial (a) and venous

(b) phase as well as the same signal intensity in DWI (c).
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isoechoic, round or oval shaped, homogenous
with a smooth, well-demarcated border.

The echogenicity is similar to the splenic
echogenicity and the size is usually <2 cm.** FNA
typically reveals a heterogeneous population of
lymphocytes with traversing small vessels over a
background of blood and mixed inflammatory cells
with CD8 positive immunostaining.**

Mistake 7 Relying on contrast enhanced
dynamics alone to detect pancreatic cancer

Pancreatic cancer can be overlooked on imaging
studies for various reasons such as lesion size or
perfusion dynamics.* While the sensitivity for
detection of pancreatic adenocarcinoma >2 cm
is about 67-100%, it drops to 50-78% for the
detection of smaller tumours. This can be
worrisome because up to 30% of pancreatic
cancers are <2 cm at presentation.®
Furthermore, although the majority of pancreatic
adenocarcinomas appear hypoenhanced, in 11%
of cases they may appear isoenhanced to the
surrounding parenchyma.*’

In the aforementioned situations,
detection may rely on secondary findings such
as pancreatic duct dilatation, glandular atrophy,
and abrupt ductal cut-off. Complete cut-off of a
portion of the pancreatic duct, as identified on
MRCP, in patients who have no other signs of
chronic pancreatitis, should always suggest the
possibility of malignancy. As mentioned before,
DWI can help in increasing diagnostic accuracy.*
Finally, EUS-FNA directed to the transition zone
may help to establish the final diagnosis, with a
sensitivity, specificity, positive predictive value,
and accuracy of 87.3%, 98.3%, 98.5%, and 92.1%,
respectively (figure 7).1

Mistake 8 Incorrectly identifying
pancreatic ductal anatomy (ex pancreas
divisum)

The dorsal duct drains the superior and anterior
portion of the pancreatic head, usually as a
separate duct terminating at the minor papilla,
which is located 10-15 mm above and to the right
of the major papilla. In approximately 60-70 %
of the population, the dorsal and ventral
pancreatic ducts have fused, resulting in a
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Figure 8| Pancreas divisum. a | 2D MRCP displays the pancreatic duct anatomy in a selected plane, which does

not correctly identify pancreas divisum. b | An additional plane shows the pancreatic duct crossing the common

bile duct (arrow) to reach minor papilla and confirms pancreas divisum.

Figure 9| Main duct IPMN mimicking obstructive chronic pancreatitis. Irregular dilatation of corporeo-caudal
main pancreatic duct with parenchymal atrophy as shown by axial 2D MRCP imaging (a) and T2-weighted

imaging (b).

communicating dual drainage of the main
pancreatic duct, either with a patent or
obliterated minor papilla. Variations during the
embryological process regarding fusion of the
dorsal and ventral pancreas can lead to various
congenital variants of the pancreatic ducts.*
Pancreas divisum is the most common
congenital variation and occurs when the
ventral and dorsal ducts fail to fuse together. This
finding presents with an incidence of 3-7% in
patients who are undergoing ERCP and is found
in approximately 9% of autopsy cases.** MRCP
can demonstrate ductal anatomy with precision,
and visualization can be enhanced by
intravenous secretin, which increases fluid
within the duct and therefore better delineates
anatomy.! It is important to determine pancreatic
duct anatomy before pancreatic endotherapy,
such as pancreatic sphincterotomy and pancreatic
duct drainage in patients with chronic pancreatitis,
as preprocedural imaging allows the decision to be
made with regards to accessing either the major
papilla or the minor papilla (figure 8).2

Mistake 9 Considering every pancreatic
duct dilation as chronic pancreatitis

Chronic pancreatitis is an inflammatory process
of the pancreas characterized by progressive
parenchymal destruction.? Typical morphological

features include parenchymal atrophy, the
presence of calcifications, cysts and pancreatic
ductirregularity characterized by strictures and
dilations.? Both CT and MRI provide accurate
diagnosis, but pancreatic duct dilation and cysts
can be encountered in other pancreatic diseases.

Intraductal papillary mucinous neoplasms
(IPMN) of the pancreas are potentially malignant
intraductal epithelial neoplasms that are
composed of mucin-producing columnar cells
and harbour varying degrees of atypia. The
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lesions may involve the side branches (branch
type), the main pancreatic duct (main duct type)
or both (mixed type).? The risk of developing
cancer is significantly different when
comparing main duct/mixed type IPMN with
branch duct type IPMN. In patients who have
undergone surgical resection, the mean rate

of invasive cancer is 43% for main duct/mixed
type IPMN compared with 16.5% for branch
duct type IPMN.? Therefore, it is important to
accurately diagnose IPMN and provide adequate
management.

MRI/MRCP is the imaging technique of choice
to confirm the diagnosis of IPMN, as well as
defining the presence of high-risk stigmata
(mural nodules, thickened cyst wall, main
pancreatic duct dilation >5mm) (figure 9).
Finally, DWI can increase diagnostic accuracy
for the presence of solid malignant components
within IPMN (such as mural nodules), with
invasive lesions having a lower ADC.

Mistake 10 Missing vascular abnormalities

Abdominal pain is a symptom that frequently
leads to admittance to the emergency
department. Indeed, acute pancreatitis presenting
with abdominal pain is one of the leading causes
of hospitalization. For patients in whom acute
pancreatitis is suspected, contrast-enhanced CT
should be performed on admission if there is
diagnostic doubt.*

Although rare, acute splanchnic venous
thrombosis can occur in noncirrhotic patients
and is frequently associated with abdominal
infections (such as acute pancreatitis),
myeloproliferative diseases, or pre-existing
coagulation disorders.?>? Furthermore,
abdominal pain is the most frequently reported
symptom in case of acute splanchnic vein
thrombosis. Therefore, it is important to fully
study vascular structures and their permeability
with CT in patients with abdominal pain of
unclear aetiology and pre-existing conditions,

Figure 10 | Acute portal vein thrombosis. a | Non-contrast CT imaging of a patient with acute abdominal pain
and renal function impairment in the coronal plane in shows peri-hepatic hilar infiltration and a spontaneously
hyperdense portal vein (arrow), suggestive of the presence of an intravascular clot. b | T1-weighted contrast
enhancement MR confirms acute portal vein thrombosis (arrow).
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if renal function allows contrast injection
(figure 10).

Additional vascular abnormalities that should

not be neglected include peripancreatic arterial
pseudoaneurysms, which may develop as a
complication of acute pancreatitis or pancreatic
surgery, and the locations most frequently involved
are the splenic artery (60%) and the hepatic
artery (20%).* On contrast-enhanced CT, a
pseudoaneurysm appears as an oval or round
lesion with similar enhancement to the
abdominal aorta. Diagnosis of pseudoaneurysms
is crucial to allow prompt management by
angiography, as they may otherwise lead to
potentially fatal bleeding.
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