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Abstract

The International Consensus Diagnosis Criteria for autoimmune pancreatitis (AIP) has been published internationally for
the diagnosis of AIP. However, since the revisions in 2006 and 2011, the Clinical Diagnostic Criteria for Autoimmune
Pancreatitis 2018 have been published. The criteria were revised based the Clinical Diagnostic Criteria 2011, and included
descriptions of characteristic imaging findings such as (1) pancreatic enlargement and (2) distinctive narrowing of the main
pancreatic duct. In addition, pancreatic duct images obtained by magnetic resonance cholangiopancreatography as well as
conventional endoscopic retrograde pancreatography were newly adopted. The guideline explains some characteristic imag-
ing findings, but does not contain descriptions of the imaging methods, such as detailed imaging parameters and optimal
timings of dynamic contrast-enhanced computed tomography/magnetic resonance imaging. It is a matter of concern that
imaging methods can vary from hospital to hospital. Although other characteristic findings have been reported, these find-
ings were not described in the guideline. The present paper describes the imaging methods for obtaining optimal images and
the characteristic imaging findings with the aim of standardizing image quality and improving diagnostic accuracy when
radiologists diagnose AIP in actual clinical settings.
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(AIP), pancreatic swelling (diffuse and focal) and irregular
main pancreatic duct (MPD) narrowing on endoscopic retro-
grade pancreatography (ERP) or magnetic resonance cholan-
giopancreatography (MRCP) were included in the Japanese
Clinical Diagnostic Criteria for Autoimmune Pancreatitis
2018 (JPS2018) [1]. However, it is often difficult to judge
these findings because their descriptions in the guidelines
are insufficient. In addition, there are other characteristic
findings that are useful for diagnosis of AIP.

In the JPS2018, pancreatic duct evaluation by MRCP
alone is permitted because the quality of MRCP has
improved and useful MRCP findings for diagnosing AIP
were recently reported [2—4]. This also takes into account
the fact that invasive ERP is no longer being performed
in recent years. However, there is a problem in AIP diag-
nosis with equivalent accuracy among individual radiolo-
gists. There are no descriptions about the imaging methods,
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such as detailed imaging parameters and optimal timings
of dynamic contrast-enhanced computed tomography (CT)/
magnetic resonance imaging (MRI), in the JPS2018 or in
the 2013 amendment of the Japanese Consensus Guidelines
for AIP [1, 5-7]. It is a fact that the imaging methods used
in different hospitals can differ from one another. Because
the JPS2018 is not sufficient to enable all radiologists to
achieve accurate diagnosis of AIP, there is a need for further
guidance to make this possible and for easy-to-understand
manuals that can be compared with the diagnostic images
of AIP patients.

We aimed to standardize the image examination methods
and improve the diagnostic accuracy so that radiologists can
accurately diagnose AIP. Optimal imaging methods to obtain
good diagnostic images that cannot be covered by the guide-
lines and characteristic radiologic findings were described
in a comprehensive way, together with radiologic images of
AIP patients.

In this guidance, “AIP” means type 1 AIP, if there is no
other particular explanation.

1.1 Recommended imaging methods

In many cases, AIP cannot be diagnosed accurately using
only a single modality. It is desirable that clinicians and
radiologists understand this and make a comprehensive
diagnosis using multiple imaging modalities with adequate
information sharing.

To avoid artifacts and effects of inflammation, radiologic
images should be obtained before endoscopic retrograde bil-
iary drainage (ERBD) and stenting in the bile duct.

1.1.1 Description

Comprehensive diagnosis using multiple modalities is
mandatory for accurate diagnosis of AIP, and ultrasound
(US) including abdominal US and endoscopic ultrasonog-
raphy (EUS), CT including non-contrast CT and contrast-
enhanced CT, nuclear medicine including fluorodeoxyglu-
cose-positron-emission tomography (FDG-PET) and Ga-67
scintigraphy, and ERP are recommended. Although EUS-
guided biopsy is another important method, it has not been
described in this article.

1.2 Important points for CT examination

Optimal imaging methods and scan timings for dynamic
contrast-enhanced CT (DCE-CT) are important for accurate
assessment of pancreatic findings.

Whenever possible, DCE-CT should be performed.

The scan range should be set with consideration of the
detection of extrapancreatic lesions.
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1.2.1 Descriptions

Multi-row detector CT (> 64 rows) is recommended. To
reduce artifacts, it is recommended that the CT scans are
performed with elevation of the arm. It is also recommended
that the scan range is set with consideration of the detection
of extrapancreatic lesions. Specifically, it is preferable that
the cranial margin includes the lacrimal grands and the cau-
dal margin includes the prostatic glands. Meanwhile, radia-
tion exposure needs to be considered. Chest CT is obtained
at full inspiration and abdominal—pelvic CT is obtained at
full expiration.

For detailed assessment of the pancreatic findings, the
slice thickness is <3 mm and thin-slice images are recon-
structed with a focus on the pancreatic lesion if necessary.
DCE-CT is performed using a non-ionic water-soluble
iodine-containing contrast agent (300-370 mgl) at a rate
of 2-3 ml/s (recommended >3 ml/s) via a catheter (20-22
G) placed in the cubital vein. The total dose of the contrast
agent is recommended to be >2 ml/kg body weight. DCE-
CT is obtained in multiple phases including the pancreatic
phase (3545 s after injection start) and delayed phase (130 s
after injection start) [8]. A bolus tracking method is also rec-
ommended to obtain the optimal scan timing. Dual-energy
CT may be useful for reducing the dose of the contrast agent
and improving the contrast effect.

1.3 Important points for MRl examination

Multidirectional and appropriate image acquisition includ-

ing MRCP and dynamic contrast-enhanced MRI (DCE-MRI)

is necessary for accurate assessment of a pancreatic lesion.
Whenever possible, DCE-MRI should be performed.
Measures are necessary to reduce artifacts.

1.3.1 Description

Compared with CT, MRI provides better tissue contrast and
plays an important role in the diagnosis of AIP. However,
MRI has disadvantages, including differences in MR units
and scan parameters among individual hospitals and longer
acquisition times. Therefore, it is necessary to acquire MR
images according to the circumstances within each hospital
after discussions with clinicians and technicians.

It is recommended that the static magnetic field of the
MR unitis>1.5 T (3 T is preferable). The scan range should
include the whole pancreas. The recommended protocols
for pancreatic MRI are as follows: ultrafast T2-weighted
spin-echo imaging (UF-T2WI) reconstructed with par-
tial Fourier imaging (axial and coronal), fat-suppressed
T2-weighted spin-echo imaging (FS-T2WI) (axial), 2D or
3D T1-weighted gradient-echo imaging (GRE) including in-
phase, opposed-phase, and fat-suppression imaging (axial),
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diffusion-weighted imaging (DWI) including two or more b
values (axial), DCE-MRI using 3D GRE (axial), and MRCP
using 3D T2WI (variable flip angle method). It is prefer-
able that the slice thickness for UF-T2WI and DCE-MRI
is <4 mm, while that for the other sequences is <5 mm.
Axial-oblique or coronal-oblique images are sometimes use-
ful because the whole pancreas can be observed in a single
section on such images (Fig. 1).

On UF-T2WI, the association between the lesion and the
MPD is demonstrated well. If the image quality on MRCP is
degraded by artifacts, UF-T2WI can compensate for MRCP.
The lesion-to-pancreas contrast is better on FS-T2WI than
on T2WI without fat suppression. Because of the long acqui-
sition time, FS-T2WI and DWI are usually obtained using a
respiratory gating technique. On fat-suppressed T1-weighted
imaging (FS-T1WI), the signal intensity of the pancreatic
parenchyma is usually higher than that of the liver paren-
chyma. Therefore, FS-T1WI is useful for detection of a pan-
creatic lesion.

MRCP, including MR hydrography, is a kind of T2WI
with a tenfold longer echo time than T2WI. If the breathing
is unstable, the image quality on MRCP will be poor even
when a respiratory gating technique is used. In such cases,
additional acquisition of thick-slab 2D MRCP with breath-
holding is recommended. Recently, a compressed sensing
technique that enables acquisition of 3D MRCP with breath-
holding was developed. The image quality on MRCP may
be improved with an oral contrast agent that suppresses the
water signals in the digestive tract. MRCP is a non-invasive
technique that can visualize the pancreatic duct without a
contrast agent. However, its image resolution is lower than
that of ERP. It should be noted that MRCP directly depicts
the pancreatic duct in vivo and its findings sometimes dif-
fer from those of ERP because of the contrast agent injec-
tion in ERP and the partial volume effect in MRCP [9, 10]
(Fig. 2). If the MPD is obstructed, the upstream of the MPD

Fig.2 Difference in depiction of the main pancreatic duct (MPD)
and branch between magnetic resonance cholangiopancreatography
(MRCP) and endoscopic retrograde pancreatography (ERP). a An
ERP image shows MPD narrowing in the pancreatic body and tail
(arrows). b On an MRCP image, MPD narrowing is seen as invisible
areas (arrowheads), and the depiction of the branch duct is poor

is not demonstrated on ERP. In such cases, MRCP has an
advantage because MRCP can visualize this region (Fig. 3).
On MRCP, it is usually difficult to visualize the branch of
the pancreatic duct because of the lower spatial resolution
compared with ERP. However, a high-quality image of the
pancreatic duct can be obtained using the partial maximum
intensity projection (MIP) [11] (Fig. 4).

It is recommended that DCE-MRI is performed using a
nonspecific extracellular contrast agent at a rate of 2-3 ml/s,
followed by approximately 40 ml of 0.9% saline at the same
rate via a catheter (20-22 G) placed in the cubital vein. The
recommended total dose of the contrast agent is 0.025 or
0.05 mmol/kg body weight. Although good detectability
of pancreatic cancer on gadoxetic acid-enhanced MRI was
reported [12], it is difficult to assess delayed enhancement on
these images. Similar to CT, DCE-MRI is obtained in mul-
tiple phases including the pancreatic phase (35-45 s after
injection start) and delayed phase (130 s after injection start)
[8]. A bolus tracking method is also recommended to obtain

Fig. 1 Cross-sectional differences between axial and axial-oblique
images obtained by ultrafast T2-weighted spin echo imaging (UF-
T2WI). a Two cross sections are shown on a reference image (white

axial line and white oblique dotted line). b Axial UF-T2WI image. ¢
Axial-oblique UF-T2WI image. The whole pancreas is shown
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Fig. 3 Difference in depiction of the pancreatic duct (MPD) upstream
of stenosis between magnetic resonance cholangiopancreatogra-
phy (MRCP) and endoscopic retrograde pancreatography (ERP). a
On an ERP image, the MPD downstream of the obstruction is vis-

Fig.4 Usefulness of the partial
maximum intensity projection
(MIP) image on magnetic reso-
nance cholangiopancreatogra-
phy (MRCP). a An endoscopic
retrograde pancreatography
image shows branch ducts with
narrowing (arrow) in a lesion of
the pancreatic uncinate process.
b Branch ducts are not seen on
a coronal ultrafast T2-weighted
spin-echo image (arrow). ¢
Branch ducts are partially seen
on a partial MIP image (arrow).
d Branch ducts are clearly seen
on a partial MIP image with a
thickness of 10 mm (arrow)

the optimal scan timing. High spatial and temporal resolu-
tion images can be obtained by time-resolved imaging or
compressed sensing, and have the potential to improve the
lesion detectability (Fig. 5).
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ualized (arrowhead). b, ¢ The MPD in the pancreatic body and tail
upstream of the obstruction (arrows) as well as the MPD downstream
of the obstruction (arrowhead) are visualized on coronal ultrafast
T2-weighted spin-echo imaging (b) and MRCP (c¢) images

1.4 Important points for nuclear medicine examination

On FDG-PET and Ga-67 scintigram, abnormal uptake is
seen in a pancreatic lesion as well as in extrapancreatic
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Fig.5 Advantage of high
temporal resolution images

for demonstrating speckled
enhancement inside a lesion.

a A pancreatic-phase dynamic
contrast-enhanced image (24-s
temporal resolution) shows
pancreatic tail swelling and a
slightly homogeneous hypo-
vascular lesion. b On eight
sub-frame images (3 s temporal
resolution) of the pancreatic-
phase image, speckled/dotted
enhancement is clearly seen on
the first and second sub-frame
images

lesions. The scan range should be set with consideration of
extrapancreatic lesions.

FDG-PET/CT and Ga-67 SPECT/CT are useful for accu-
rate assessment of the accumulation site.

Standardized scan settings are better for comparisons
between two examinations (e.g., before and after steroid
therapy).

1.4.1 Description

Because IgG4-related disease is seen in organs throughout
the body, whole-body (vertex to pelvic floor, at least) scans
by FDG-PET and Ga-67 scintigraphy are recommended. A
delayed FDG-PET scan is not mandatory, but is useful to

discriminate between abnormal and physiological accumula-
tion (e.g., accumulation in the bowel). In IgG4-related dis-
ease, the degree of FDG accumulation varies and there are
no reference values for standardized uptake value (SUV
and SUV_.,) and metabolic tumor volume (MTV). How-
ever, FDG-PET can evaluate the metabolism in lesions,
which is difficult to evaluate using other modalities (Fig. 6).
FDG-PET is also useful for evaluating treatment effects
(Fig. 7) and detecting exacerbations. However, it should be
noted that FDG-PET for AIP is out of insurance coverage
in Japan.
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Fig.6 Fluorodeoxyglucose-positron-emission tomography (FDG-
PET) findings of autoimmune pancreatitis (AIP). a The lesion is
unclear on a non-contrast computed tomography (CT) image. b An
FDG-PET/CT image shows nodular uptake (arrow) consistent with an
AIP lesion in the pancreatic tail

Fig.7 Decrease in Ga-67 accu-
mulation after steroid treatment.
a Before treatment, the head of
the pancreas (arrow) is swollen
and abnormal uptake is seen. b
After steroid treatment, both the
enlargement and accumulation
are improved (arrowhead)
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2 Radiologic findings for AIP

2.1 Summary of non-contrast CT and MRI findings
(except for MRCP) (Figs. 8,9, 10, 11)

An AIP lesion is seen as a low-dense area on non-contrast
CT, a hypointense area on FS-TIWI, and a hyperintense
area on T2WI and DWI.

Speckled/dotted hyperintensity is sometimes seen in an
AIP lesion on FS-TIWL

The apparent diffusion coefficient (ADC) value is low.

2.1.1 Description

On non-contrast CT, an AIP lesion is seen as a low-dense
area affected by infiltration of inflammatory cells such as
lymphocytes and plasma cells (Fig. 8). The signal inten-
sity of the normal pancreas is higher than that of the liver
parenchyma on FS-T1WI and a signal decrease is observed
with inflammation or loss of the normal pancreatic paren-
chyma (Fig. 9). Pathologically, a patchy distribution of the
uninvolved pancreatic parenchyma in AIP was reported [13].
The speckled/dotted hyperintensity on FS-TI1WI is thought
to reflect the pathologic findings (Fig. 9) [14, 15]. On FS-
T2WI, AIP is usually shown as a hyperintense area, but
the signal decreases as the fibrosis increases. UF-T2WI is
sometimes more useful than MRCP because the association
between the lesion and the pancreatic duct is clearly shown.
On DWI, an AIP lesion usually appears as a hyperintense
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Fig.8 Typical computed tomography (CT) findings of autoim-
mune pancreatitis (AIP). a A non-contrast CT image shows dif-
fuse pancreatic enlargement with decreasing density, smooth mar-
gin (sausage-like appearance), and loss of the cobblestone structure
in the pancreas. b A pancreatic-phase dynamic contrast-enhanced

CT (DCE-CT) image shows that a hypovascular lesion with patchy
enhancement (arrow). ¢ A delayed-phase DCE-CT image shows
delayed enhancement of the AIP lesion and a capsule-like rim (arrow-
head). The main pancreatic duct is unclear, but there is no dilation

Fig.9 Typical magnetic resonance (MR) findings of autoimmune
pancreatitis (AIP) (same case as Fig. 8). a An ultrafast T2-weighted
spin-echo image shows sausage-like swelling (diffuse swelling and
loss of the cobblestone structure in the pancreas) and a capsule-like
rim (band-like hypointense area around the pancreas; arrowhead) in
the tail of the pancreas. b The capsule-like rim is slightly unclear on a
fat-suppressed T2-weighted spin-echo image. ¢ A diffusion-weighted
image (b=1000) shows the AIP lesion as a diffuse hyperintense area.
d An apparent diffusion coefficient map shows restricted diffusion in
the lesion equivalent to the spleen. e A fat-suppressed T1-weighted

imaging (FS-T1WI) image shows a diffuse hypointense lesion, but
dotted hyperintense areas within the lesion (dotted hyperintensity
on FS-TIWI). f A pancreatic-phase dynamic contrast-enhanced MR
(DCE-MR) image reveals that the areas shown as dotted hyperinten-
sity on FS-T1WI are enhanced (speckled/dotted enhancement; arrow).
g A delayed-phase DCE-MR image shows homogeneous delayed
enhancement of the AIP lesion and a capsule-like rim (arrowhead). h
A magnetic resonance cholangiopancreatography image shows mul-
tiple skipped narrowing (skip lesions) of the main pancreatic duct
(MPD) without dilation of the upstream MPD (no MPD dilatation)

@ Springer



598

Japanese Journal of Radiology (2020) 38:591-612

Fig. 10 Computed tomography (CT) and magnetic resonance (MR)
images of focal autoimmune pancreatitis. a The lesion is unclear on
a non-contrast CT image. b On a pancreatic-phase of dynamic con-
trast-enhanced CT (DCE-CT) image, the main pancreatic duct (MPD)
is partially unclear (arrowhead) in the body of the pancreas, while
the mass lesion is unclear. ¢ On a delayed-phase DCE-CT image,
a faint nodule-like enhancement is observed in the pancreatic body
(arrow). d, e On an ultrafast T2-weighted spin-echo image (d) and a

fat-suppressed T2-weighted spin-echo image (e), the MPD is partially
unclear in the pancreatic body, but the mass lesion is unclear. f A dif-
fusion-weighted image (b=1000) shows a nodular hyperintense area
(arrow) in the pancreatic body. g An apparent diffusion coefficient
map shows restricted diffusion with a decreased signal intensity area
(arrow). h A magnetic resonance cholangiopancreatography image
shows stenosis at the same site, and the branch ducts are slightly
dilated (small arrows)

Fig. 11 Computed tomography (CT) imaging of nodule-like autoim-
mune pancreatitis. a A non-contrast CT image shows a nodule-like
lesion (arrow) protruding ventrally from the pancreatic head. b On

area (Fig. 9). The ADC value of AIP is lower than that of
pancreatic cancer [16—19]. However, cutoff values are not
useful for differentiation because they vary among reports
based on different MR units and scan parameters.
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a pancreatic-phase dynamic contrast-enhanced CT (DCE-CT) image,
the lesion is slightly enhanced. ¢ On a delayed-phase DCE-CT
image, the lesion is homogeneously enhanced

2.2 Pancreatic swelling (diffuse and focal) [1]

Pancreatic enlargement is assessed by the Haaga criteria
(enlargement of more than one vertebra in the pancre-
atic head or enlargement of more than 2/3 vertebra in the
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pancreatic body and tail are recognized as pancreatic swell-
ing) [20].

Although there are no strict definitions of “diffuse”
and “focal”, the following definitions are commonly used:
focal, < 1/3, segmental, > 1/3 to < 2/3, diffuse > 2/3.

Multiple focal lesions may appear simultaneously.

2.2.1 Description

Diffuse or focal pancreatic swelling is caused by marked
lymphocyte and plasma cell infiltration and fibrosis. In
the elderly, the margin of the pancreas is lobulated and the
inside structure of the pancreas has a cobblestone appear-
ance. However, the margin of the pancreas is straightened
(termed ““sausage-like appearance”) in AIP patients (Figs. 8,
9). It is difficult to define the normal size of the pancreas
because it is affected by age and fatty infiltration. If pancre-
atic swelling is unclear at the onset of AIP, it may become
obvious with consideration of the morphologic changes of
the pancreas after steroid therapy. Furthermore, the extent
of the pancreatic swelling depends on the degree of inflam-
mation. Therefore, pancreatic swelling should be assessed
in consideration of the focal changes in density/signal and

contrast effect if the pancreatic swelling is unclear (Figs. 10,
11, 12).

2.3 Speckled/dotted hyperintensity on FS-T1WI
and speckled/dotted enhancement on the early
phase of DCE-MRI

In an AIP lesion, speckled/dotted hyperintensity is seen
on FS-TIWI and the area is enhanced (speckled/dotted
enhancement) on the pancreatic phase of DCE-MRI [14,
15].

2.3.1 Description

As described in Section 2.1, patchy distribution of the
uninvolved pancreatic parenchyma is seen and appears as a
speckled/dotted hyperintense area on FS-T1WI (Figs. 9, 13).
The area is well enhanced on the pancreatic phase of DCE-
MRI because the normal pancreas has abundant blood flow
(Figs. 9, 13). A fat-suppression technique is useful because
it improves the contrast between the lesion and the adja-
cent pancreatic parenchyma and allows observation of the
detailed changes in the pancreas.

Fig. 12 Magnetic resonance (MR) images of nodule-like autoim-
mune pancreatitis (same case as Fig. 11). a—e A nodule-like lesion
(arrow) protruding ventrally from the head of the pancreas is seen as
a slightly hyperintense area on an ultrafast T2-weighted spin-echo
image (a), fat-suppressed T2-weighted spin echo image (b), and dif-
fusion-weighted image (DWI) (b=1000) (c), and as a slightly hypoin-
tense area on an apparent diffusion coefficient map (d) and fat-sup-
pressed T1-weighted image (e). f, g The lesion is enhanced as well as

the pancreatic head on a pancreatic-phase dynamic contrast-enhanced
MR (DCE-MR) image (f) and shows homogeneous delayed enhance-
ment on a delayed-phase DCE-MR image (g). h A DWI image after
steroid treatment shows disappearance of the lesion. In the bilateral
kidneys, multiple nodule-like lesions associated with IgG4-related
disease are observed. These lesions are seen as hyperintense areas
(arrowhead) on the DWI (c), and were improved after steroid treat-
ment (h)
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Fig. 13 Typical magnetic resonance (MR) findings for focal auto-
immune pancreatitis (AIP). a, b Pancreatic tail enlargement is seen
on an ultrafast T2-weighted spin-echo image (a) and fat-suppressed
T2-weighted spin-echo image (FS-T2WI) (b). A capsule-like rim
(band-like hypointense area around the pancreas; arrowhead) is also
seen on the FS-T2WI (arrowhead). ¢ A diffusion-weighted image
(b=1000) shows a nodular hyperintense area corresponding to the
AIP lesion. d an apparent diffusion coefficient map shows restricted
diffusion in the lesion, appearing as a hypointense area. e, f A fat-sup-
pressed T1-weighted image shows decreased signal intensity in the

Meanwhile, decreased signals in the pancreas are seen
in patients with pancreatic cancer or chronic pancreatitis.
Although “decreased signal on FS-T1WI” is a useful finding
for detection of lesions, the specificity of this finding is low.
Therefore, DCE-MRI is recommended for accurate diagno-
sis of AIP because speckled/dotted enhancement is one of
the useful findings that can differentiate AIP from pancreatic
cancer [15, 21, 22]. Speckled/dotted enhancement is more
clearly demonstrated when DCE-MR images are obtained
with high spatial resolution [15]. If the patient has renal
dysfunction, speckled/dotted hyperintensity on FS-T1WI can
be a useful finding for diagnosis of AIP.

2.4 Capsule-like rim

A capsule-like rim is a band-like area around the whole or
partial pancreas that can be seen on CT and MRI.

2.4.1 Description

A capsule-like rim is seen as a band-like hypodense/
hypointense area on CT/T2WI and is gradually enhanced
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AIP lesion with speckled/dotted hyperintense areas within the lesion
(e) and these areas are enhanced (speckled/dotted enhancement; small
arrows) on a pancreatic-phase dynamic contrast-enhanced MR image
(f). g A delayed-phase of dynamic contrast-enhanced computed
tomography image shows homogeneous delayed enhancement of the
AIP lesion as well as a capsule-like rim (arrowhead). h The main
pancreatic duct (MPD) shows irregular narrowing with no dilation
of the upstream MPD (no MPD dilatation) on a magnetic resonance
cholangiopancreatography image

on DCE-CT/MRI (Figs. 8, 9, 13, 14) [8, 23, 24]. The cap-
sule-like rim was reported to reflect dense fibrosis around
the lesion, but its frequency varied among different reports
[23-25]. The finding is never seen in diseases other than
AIP and is one of the specific findings that can differentiate
AIP from pancreatic cancer [16, 17, 21, 26-28]. However,
its sensitivity is low when a lesion is small [15].

2.5 Homogeneous delayed enhancement

AIP is hypovascular on the pancreatic phase of DCE-CT/
MRI and homogeneously enhanced on the delayed phase of
DCE-CT/MRI.

2.5.1 Description

Homogeneous delayed enhancement is affected by loss of
normal pancreatic acini and extensive fibrosis. Delayed
enhancement is seen in pancreatic cancer. However, the
enhancement is commonly inhomogeneous due to necro-
sis, hemorrhage, and degeneration in the tumor. Therefore,
homogeneous delayed enhancement is one of the specific
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Fig. 14 Typical computed tomography (CT) findings of focal auto-
immune pancreatitis (AIP) (same case as Fig. 11). a The pancre-
atic tail is enlarged like a mass and presents low density. The cob-
blestone appearance is unclear in this area. b A pancreatic-phase
dynamic contrast-enhanced CT (DCE-CT) image shows mild con-

Fig. 15 Duct-penetrating sign.
a A fat-suppressed T1-weighted
image shows segmental pancre-
atic tail swelling and speckled/
dotted hyperintense areas within
the lesion (small arrows). b On
an ultrafast T2-weighted spin-
echo image, the main pancreatic
duct is visible and running
through the lesion without
obstruction (arrow)

Fig. 16 Enhanced duct sign. a
A curved MPR image during
the pancreatic phase of dynamic
contrast-enhanced computed
tomography shows diffuse
pancreatic swelling and the
enhanced duct sign along the
main pancreatic duct (arrows). b
The enhanced duct sign is also
clearly seen on a delayed-phase
contrast-enhanced magnetic
resonance image (arrow)

trast enhancement as a whole, but a point-like or nodular enhance-
ment area remains (speckled/dotted enhancement; arrow) inside the
AIP lesion. ¢ A delayed-phase DCE-CT image shows homogeneous
delayed enhancement of the AIP lesion and delayed enhancement of
the capsule-like rim (arrowheads)

@ Springer



602

Japanese Journal of Radiology (2020) 38:591-612

Fig. 17 No main pancreatic duct (MPD) dilatation. a, b A focal auto-
immune pancreatitis (AIP) lesion (arrow) is observed in the pancre-
atic body as a hypovascular nodule on a pancreatic-phase dynamic
contrast-enhanced computed tomography image (a) and a slightly

findings of AIP, and is useful for differentiation between AIP
and pancreatic cancer (Figs. 8,9, 10, 11, 12, 13, 14) [15, 16,
18, 26, 28, 29]. It should be noted that delayed enhancement
is not seen in AIP when the amount of fibrosis is low.

2.6 Duct-penetrating sign, icicle sign, and skipped
narrowing

The MPD sometimes penetrates an AIP lesion [30], and
sometimes tapers like an icicle [27].

Pancreatic duct narrowing is a characteristic finding of
AIP and is sometimes skipped [9, 10, 31].

2.6.1 Description
The duct-penetrating sign is one of the useful findings for

differentiation of AIP from pancreatic cancer, but its sensi-
tivity is low (Fig. 15) [16, 18, 21, 27, 30]. Pancreatic duct

hyperintense area on an ultrafast T2-weighted spin-echo image (UF-
T2WI) (b). b, ¢ The MPD (arrowheads) is unclear in the AIP lesion,
but upstream MPD dilatation is not seen on the UF-T2WI (b) or a
magnetic resonance cholangiopancreatography image (c)

narrowing is frequently seen in AIP, but the duct is rarely
obstructed. However, no significant difference in the fre-
quency of the duct-penetrating sign was found when the
lesions were small [9]. Previously, assessment of the pancre-
atic duct on MRCP was not permissible because the image
quality was unsatisfactory compared with ERP [9]. Although
the image quality on MRCP currently remains inferior to
that on ERP, it has been improved and MRCP was adopted
in the JPS2018 [1]. The partial MIP is one of the useful
methods for visualization of small pancreatic ducts includ-
ing the branches (Fig. 4) [11]. Breath-hold compressed-
sensing accelerated 3D MRCP added to respiratory-gating
conventional MRCP can sometimes compensate for poor
image quality due to motion artifacts [32]. The pancreatic
duct findings sometimes differ on ERP and MRCP because
the contrast agent is injected into the pancreatic duct in
ERP and motion artifacts can affect MRCP [11, 33]. MPD
narrowing is sometimes seen as a disruption on ERP or a

Table 1 Extrapancreatic lesions

. . . Close association
associated with autoimmune

Possible association

pancreatitis

Sialadenitis [54]

Hilar lymphadenopathy [57]
Interstitial lung disease [58, 59]
Sclerosing cholangitis [61]
Retroperitoneal fibrosis [64]

Tubulointerstitial nephritis [68, 69]

Periaortitis/periarteritis [71, 72]

Lachrymal gland inflammation [54]

Hypophysitis [55]

Pachymeningitis [56]

Autoimmune neurosensory hearing loss [42]
Upveitis [60]

Chronic thyroiditis [62, 63]

Pseudotumor (breast, lung, liver) [65-67]
Gastric ulcer [70]

Swelling of papilla of Vater [73]

1gG4 hepatopathy [74, 75]

Prostatitis [76]

IgG4-related perineural disease [77, 78]

IgA vasculitis (Schonlein—Henoch purpura) [42]
Autoimmune thrombocytopenia [79]
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non-visualized area on MRCP. Skipped narrowing of the
MPD is a useful finding for differentiation of AIP from pan-
creatic cancer because its sensitivity and specificity were
reported to be 44.4-47.5% and 97.5-100%, respectively [17,
28, 31].

2.7 Enhanced duct sign

Linear enhancement along the MPD is sometimes seen in
an AIP lesion.

2.7.1 Description

The enhanced duct sign was reported to be a useful finding
for differentiation of AIP from pancreatic cancer (Fig. 16),

with sensitivity and specificity of 67% and 95%, respectively
[34]. However, the sensitivity of the enhanced duct sign in
small AIP lesions was not very high [21]. This finding may
reflect inflammation around the MPD.

2.8 No MPD dilatation

In AIP, MPD dilatation is not seen or rarely seen in the
upstream of the lesion.

2.8.1 Description
The definition of MPD dilation varies from 3 to 5 mm in

diameter and there are no established criteria for this find-
ing. On ERP, one of the characteristic findings for AIP is no

Fig. 18 Pancreatic atrophy and calcification in autoimmune pancrea-
titis (AIP) patients with repeated relapses. a A non-contrast computed
tomography (CT) image shows diffuse pancreatic swelling. b A non-
contrast CT image at 10 years after steroid treatment shows improve-

i

Fig. 19 Autoimmune pancreatitis (AIP) with cyst formation. a A non-
contrast computed tomography (CT) image shows cyst formation in
the enlarged pancreatic tail (arrow). b, ¢ No enhancement of the cyst

@ Springer

ment of the pancreatic swelling. ¢ A non-contrast CT image after
multiple relapses (6 years and 7 months after the initial treatment)
shows atrophy of the pancreas and multiple calcifications

formation is seen on a pancreatic-phase dynamic contrast-enhanced
CT image (b), and the lesion is seen as a markedly hyperintense area
on a fat-suppressed T2-weighted spin-echo image (c)
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Fig. 20 Diffuse autoimmune
pancreatitis (AIP) with splenic
vein occlusion and encasement
of the splenic artery on the
pancreatic phase of dynamic
contrast-enhanced computed
tomography (DCE-CT). a A
contrast-enhanced CT image
shows a sausage-like appear-
ance and a capsule-like rim of
the pancreas. Irregularity and
disruption (arrow) of the splenic
vein are seen, and development
of a collateral tract around

the stomach (arrowhead) is

also seen. b Encasement of

the splenic artery (white open
arrow) is seen at the upper level
of (a). ¢ After steroid treatment,
a contrast-enhanced CT image
shows improvement of the
splenic vein occlusion (arrow)
and collateral circulation
(arrowhead). d The encasement
of the splenic artery (white open
arrow) is also improved at the
upper level of (c)

MPD dilatation (<4 mm in diameter) in the upstream of the
lesion (Fig. 17) [28, 29, 35]. It should be noted that MPD
dilatation may be seen if there is atrophy of the pancreatic
parenchyma.

2.9 Findings for nuclear medicine examination
(FDG-PET and Ga-67 scintigram)

The degrees of drug accumulation in AIP and extrapancre-
atic lesions depend on the lesion activity.
The drug accumulation decreases if treatment is effective.

2.9.1 Description

FDG-PET and Ga-67 scintigram are useful for diagnosis
of AIP because they can evaluate the lesion function [36,
37], which cannot be evaluated by CT and MRI. In AIP
patients, inhomogeneous or multifocal FDG accumulation
is seen on FDG-PET, and uptake in extrapancreatic lesions
is also seen [38—40]. The degrees of drug accumulation in
AIP and extrapancreatic lesions depend on the lesion activ-
ity, and it is necessary to make a careful diagnosis using

multiple modalities for differentiation between physiological
and pathological uptake. The usefulness of FDG-PET/CT
and Ga-67 SPECT/CT as well as the usefulness of nuclear
medicine examinations for response evaluation are described
in Section 1.4 (Fig. 7).

2.10 Extrapancreatic lesions

1gG4-related sclerosing cholangitis, sclerosing dacryoad-
enitis/sialadenitis, retroperitoneal fibrosis, and kidney dis-
ease are described in the JPS2018.

2.10.1 Description

IgG4-related kidney disease, which was already described in
the International Consensus Diagnostic Criteria (ICDC) for
AIP [41], was added to IgG4-related sclerosing cholangitis,
sclerosing dacryoadenitis/sialadenitis, and retroperitoneal
fibrosis in the JPS2018. Many other extrapancreatic lesions
can be found throughout the body [6, 42, 43], and are shown
in Table 1.
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i Radiologic findings

Pancreatic swelling -
Speckled hyperintensity on FS-T1WI

Speckled enhancement on pancreatic phase

Capsule-like rim -

Homogeneous delayed enhancement O

Duct-penetrating sign -

Enhanced duct sign -
No MPD dilatation -

Extra-pancreatic lesions O

Fig.21 Focal autoimmune pancreatitis (AIP) with dilatation of the
common bile duct (CBD). a A fat-suppressed T2-weighted spin-
echo image shows mild dilatation of the CBD (arrow). b A diffusion-
weighted image (b=1000) shows a hyperintense area in the pan-
creatic head, suggesting focal AIP. ¢ A fat-suppressed T1-weighted
spin-echo image shows speckled hyperintensity in the lesion in the
pancreatic head. d A pancreatic-phase dynamic contrast-enhanced
magnetic resonance (DCE-MR) image shows speckled enhancement

2.11 Atypical findings of AIP
Focal AIP should be differentiated from other hypovascular
lesions.
Calcifications and cystic lesions may be seen.
2.11.1 Description
The frequency of focal AIP varies, and it is sometimes

difficult to differentiate focal AIP from other hypovascular
tumors such as pancreatic cancer (acinar cell carcinoma

@ Springer

within the lesion. e A delayed-phase DCE-MR image shows homoge-
neous delayed enhancement of the lesion. f A coronal reconstructed
image of the DCE-CT pancreatic phase shows slight wall thickening
and dilatation of the CBD with a beak-like stenosis (arrow). g An
ERCP image shows beak-like stenosis and upstream dilatation of the
CBD. h An ERCP image after steroid treatment shows improvement
of the CBD stenosis

with degeneration or necrosis), neuroendocrine tumor
(with degeneration), malignant lymphoma, and metastatic
tumor.

If calcification is seen in the pancreas, chronic pancreati-
tis should be considered as one of the differential diagnoses.
It should be noted that AIP sometimes resembles chronic
pancreatitis in patients with pancreatic head swelling, no
narrowing of the MPD in the pancreatic body, and repeated
relapses, because calcification in the pancreas is seen in
7-19.6% of these patients (Fig. 18) [44-46]. Many cases
with AIP associated with cystic lesions have been reported
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Fig.22 Autoimmune pancreatitis (AIP) with bile duct wall thicken-
ing. A portal-phase dynamic contrast-enhanced computed tomogra-
phy image shows diffuse pancreatic swelling and bile duct wall thick-
ening with enhancement (arrows). Dilatation of the intrahepatic bile
ducts is not seen

and most of the lesions improved or disappeared upon cor-
ticosteroid therapy [47-49] (Fig. 19).

3 Diseases requiring differentiation
from AIP

3.1 Differential diagnosis

When diffuse pancreatic swelling is seen, diffuse pancreatic
cancer, malignant lymphoma, sarcoidosis, and chronic pan-
creatitis should be considered.

Differential diagnosis for a focal hypovascular lesion is
described in Section 2.11.

3.1.1 Description

As described above, differential diagnosis after considering
whether the lesion is diffuse or focal is a key to differen-
tiation. It is also important to differentiate AIP from other
malignant tumors, especially pancreatic cancer and malig-
nant lymphoma. If the lesion is difficult to differentiate, EUS-
guided fine-needle aspiration should be considered. Although
diagnostic therapy by corticosteroid administration is one of
the options, it should be noted that the lesion can rapidly
progress and the timing of surgical treatment may be missed.

3.2 Pancreatic cancer

It is necessary to make a comprehensive diagnosis for
differentiation of AIP from pancreatic cancer because

the sensitivity and specificity of the useful findings vary
(Table 2).
The pancreatic duct within the lesion and the bile duct
and vessels should be paid attention for accurate diagnosis.
When differentiation is difficult, pathological diagnosis by
EUS-fine-needle aspiration should be considered.

3.2.1 Description

Specific CT and MR findings for AIP, such as the capsule-
like rim, duct-penetrating sign, speckled/dotted enhance-
ment, and homogeneous delayed enhancement, are adopted
as useful findings for differentiation of AIP from pancre-
atic cancer in the JPS2018. However, the capsule-like rim
and duct-penetration sign are rarely seen in small lesions.
Although arterial wall irregularity is sometimes seen in AIP
(Fig. 20), severe arterial stenosis around the lesion suggests
a high possibility of malignancy (pancreatic cancer). Ste-
nosis of the splenic vein and bile duct dilatation due to the
lesion are seen in both AIP and pancreatic cancer, and these
findings are not useful for differentiation (Figs. 20, 21). Bile
duct wall thickening without stenosis is sometimes seen in
AIP (Fig. 22). On DWI, the ADC value of AIP is lower than
that of pancreatic cancer [16—19], but it is difficult to differ-
entiate between pancreatic cancer and pancreatitis accom-
panying the tumor. However, this finding is not clinically
useful for differentiation, because the cut-off values vary
and depend on the MR units and scan parameters used. On
FDG-PET, diffuse or multifocal accumulation in the pancre-
atic lesion and accumulation in extrapancreatic lesions are
highly suggestive of AIP [38, 50]. Improvement of pancreas
swelling and decreased accumulation after steroid therapy
are also suggestive of AIP [40, 51]. It should be noted that
pathological diagnosis by EUS-fine needle aspiration should
be considered if any radiologic findings suggestive of pan-
creatic cancer are seen (Fig. 23).

3.3 Malignant lymphoma

Malignant lymphoma can show the same imaging findings
as AIP.

3.3.1 Description

Various types of imaging findings are seen in malignant
lymphoma of the pancreas, including primary and second-
ary lesions. Well-circumscribed nodular type with solitary
pancreatic mass, diffuse type with pancreatic enlargement
(Fig. 24), peripheral lymphomatous involvement mimicking
autoimmune pancreatitis, multi-nodular type, and invasion
from adjacent peri-pancreatic lymphomatous lesion have
been reported [52]. CT or MR findings for a lesion with dif-
fuse pancreatic involvement are sometimes similar to those for
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9

Radiologic findings

Pancreatic swelling -

Speckled hyperintensity on FS-T1WI O

Speckled enhancement on pancreatic phase -

Capsule-like rim -

Homogeneous delayed enhancement

Duct-penetrating sign

Enhanced duct sign -

No MPD dilatation -

Extra-pancreatic lesions -

Fig.23 Focal autoimmune pancreatitis (AIP) with dilatation of the
main pancreatic duct (MPD). a A fat-suppressed T1-weighted image
shows speckled hyperintensity in focal AIP of the pancreatic head
(arrow). b A diffusion-weighted image (b= 1000) shows the lesion as
a hyperintense area. ¢ A pancreatic-phase dynamic contrast-enhanced
computed tomography (DCE-CT) image shows slight enhancement

@ Springer

of the lesion. d A delayed-phase DCE-CT image shows homogene-
ous delayed enhancement of the lesion. e, f An ultrafast T2-weighted
spin-echo image (e) and a magnetic resonance cholangiopancreatog-
raphy image (f) show the duct-penetrating sign (arrowhead), but the
upstream MPD is dilated. This case was pathologically analyzed and
diagnosed as AIP
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g Radiologic findings

Pancreatic swelling

Speckled hyperintensity on FS-T1WI

O] 0|0

Speckled enhancement on pancreatic phase

Capsule-like rim -

Homogeneous delayed enhancement

0|0

Duct-penetrating sign

Enhanced duct sign -

O

No MPD dilatation

Extra-pancreatic lesions -

Fig. 24 Pancreatic malignant diffuse large B cell lymphoma with dif-
fuse pancreatic enlargement. a A non-contrast computed tomography
(CT) image shows diffuse swelling of the pancreas. b A pancreatic-
phase dynamic contrast-enhanced computed tomography (DCE-CT)
image shows speckled/dotted enhancement of the pancreas (small
arrows). The main pancreatic duct (MPD) is present within the pan-
creatic lesion and no upstream dilatation is seen. ¢ A delayed-phase
DCE-CT image shows homogeneous delayed enhancement. A cap-

sule-like rim is unclear. d An ultrafast T2-weighted spin-echo image
shows diffuse pancreatic enlargement with a slight increase in the sig-
nal. Irregular narrowing of the MPD with no upstream dilatation is
seen. e A fat-suppressed T1-weighted spin-echo image shows speck-
led/dotted hyperintense areas (small arrows). f A magnetic resonance
cholangiopancreatography image shows skipped narrowing of the
MPD (arrows)
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AIP. Presence of lymphadenopathy below the level of the left
renal vein is highly suggestive of pancreatic lymphoma [53].

3.4 Chronic pancreatitis

Pancreatic atrophy and calcification are sometimes seen in
AIP.

3.4.1 Description

Calcification is sometimes seen in AIP patients with
repeated relapses (Fig. 18). Risk factors for transformation
of AIP into chronic pancreatitis are pancreatic head swell-
ing, no MPD narrowing in the pancreatic body, and repeated
relapses [45]. Therefore, AIP should be considered if chronic
pancreatitis is seen without a history of drinking.
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