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Abstract

Objective Since the time of inception of autoimmune pancreatitis (AIP), our knowledge of autoimmune pancreatitis has
expanded significantly. The aim of this review is to provide an update on clinical manifestations, diagnosis, imaging features,
and treatment of AIP.

Background and clinical significance Type 1 AIP is the pancreatic manifestation of IgG4-related systemic disease, which
can be diagnosed using a combination of clinical, histopathological, pancreatic imaging findings in conjunction with mani-
festation in other organs, as well of responsiveness to steroid treatment. It is vital to differentiate AIP from pancreatic cancer
since both can mimic each other clinically and radiologically. Type 2 AIP is a rare but distinct subtype of AIP which occurs

mostly in the younger patient.

Conclusion AIP is steroid-responsive chronic pancreatitis with distinct manifestations on imaging.

Keywords Autoimmune pancreatitis - [gG4 - Lymphoplasmacytic sclerosing pancreatitis - Idiopathic duct-centric

pancreatitis - International consensus diagnostic criteria

Introduction

There is an increasing understanding of autoimmune pan-
creatitis (AIP) since Sarles et al. first described a case of
chronic sclerosing pancreatitis with hypergammaglobuli-
naemia in 1961 [1]. Yoshida et al. coined the term AIP for a
steroid-responsive mass-forming pancreatitis syndrome with
elevated autoantibodies in 1995 [2]. AIP is a distinct form of
pancreatitis which may be associated with I[gG4 laden lym-
phoplasmacytic infiltration and fibrosis in multiple organs
and often respond to steroid or other immunomodulatory
therapy [3]. AIP commonly presents as painless jaundice,
mild abdominal pain, or recurrent acute pancreatitis [4]. AIP
sometimes is confused clinically and radiologically with

P4 Naoki Takahashi
takahashi.naoki@mayo.edu

Ashish Khandelwal
khandelwal.ashish@mayo.edu

Dai Inoue

d-inoue @staff.kanazawa-u.ac.jp

Department of Radiology, Mayo Clinic, 200 First St,
Rochester, MN 55902, USA

Department of Radiology, Kanazawa Univeristy, 1192
Kakumamachi, Kanazawa, Ishikawa 920-1192, Japan

pancreatic ductal adenocarcinoma (PDAC) [5]. It is vital to
distinguish these two entities as treatment and prognosis are
dramatically different. In this article, we review the recent
advances in understanding, diagnosis, and management of
AIP and extrapancreatic IgG4-related diseases.

Epidemiology

Exact incidence and prevalence of AIP is unknown. AIP
accounted for 5-6% of all patients with chronic pancreatitis
[6]. Data from a nationwide survey in Japan where AIP is
much more common than the western world indicated that
autoimmune pancreatitis has an overall prevalence of 4.6
per 100,000 and an incidence of 1.4 per 100,000 people [7].
Approximately 4% of patients undergoing pancreaticoduo-
denectomy for pancreatic head mass between 1992 and 2005
were due to AIP [8]. AIP was identified in 11% of cases of
245 pancreatic resections performed for tumefactive chronic
pancreatitis [9].
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AIP clinical subtypes and histopathology

AIP is now clearly divided into type 1 and type 2 subtypes,
which represent the clinical profiles associated with corre-
sponding distinct histological subtypes lymphoplasmacytic
sclerosing pancreatitis (LPSP) and idiopathic duct-centric
pancreatitis (IDCP), respectively [10]. LPSP is character-
ized by the infiltration of tissues with IgG4-positive plasma
cells along with storiform fibrosis and obliterative phlebitis
(Fig. 1) [11]. Patients with type 1 AIP (LPSP) commonly
presents with painless obstructive jaundice and represents
the pancreatic manifestation of IgG4-associated systemic
disease. A typical patient is over 60 years, and males are
three times more commonly affected than females. Other
clinical features include chronic or recurrent abdominal pain,
weight loss, and steatorrhea. Abnormalities of the pancreatic
exocrine function are seen in up to 85% of patients with
AIP and diabetes mellitus in up to 78% [12]. The diabetes
mellitus can occur before (33%), simultaneously (52%), or
after steroid treatment (14%) of AIP [13]. Extrapancreatic
involvement affecting almost all organ systems, including
the liver, biliary tree, kidneys, prostate gland, testicles, the
peritoneum and the retroperitoneum, salivary and lacrimal
glands, orbital tissues, pituitary gland, thyroid gland, lungs,
lymph nodes, breasts, and vascular structures have been
reported with LPSP [14].

Type 2 AIP accounts for 20% to 40% of all AIP cases in
the USA [15, 16]. The histologic pattern in type 2 AIP is
characterized as IDCP the hallmarks of which are granu-
locytic epithelial lesions (Fig. 2) [17]. ICDP is charac-
terized mainly by a younger age (mean age, 43 years) at

Fig. 1 Pancreatic biopsy H and E stain photomicrograph shows char-
acteristic storiform (swirling pattern) fibrosis, lymphoplasmacytic
infiltration around interlobular ducts (arrow), and obliterative phlebi-
tis of Type 1 AIP (LPSP: lymphoplasmacytic sclerosing pancreatitis)
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Fig.2 Pancreatic biopsy H and E stain photomicrograph shows neu-
trophilic infiltration within epithelium and lumen of pancreatic ducts
(granulocytic epithelial lesion) (arrow) characteristics of Type 2 AIP
(IDCP: idiopathic duct-centric pancreatitis)

presentation, the absence of extrapancreatic involvement
seen in type 1 AIP and lack of IgG4 elevation. Type 2 AIP
is associated with inflammatory bowel disease (up to 30%).
Type 2 has roughly equal gender distribution, more com-
mon in the western population, and presentation with acute
pancreatitis is more commonly seen.

Serological markers

Type 1 AIP is associated with elevated titers of I1gG
(> 1800 mg/dL) and its subset IgG4 (> 140 mg/dL) [18].
Serum IgG4 levels greater than 140 mg/dL are considered
to be 86% sensitive and 90-96% specific for the diagnosis
of AIP [19, 20]. Mild elevation of IgG4 can be seen in 10%
of pancreatic cancer [20]. Values greater than twofold of
normal (>280 mg/dL) are highly specific for AIP and are
used as level 1 criteron in international consensus diagnostic
criteria (ICDC) [21]. Serum IgG4 levels are normal in type
2 AIP. Several other serological markers have been reported
to be elevated in AIP such as y-globulin (> 2.0 g/dL), rheu-
matoid factor (20-30%), and antinuclear antibody (60%) but
they are nonspecific [10].

Imaging: pancreas

AIP is often first recognized on imaging which can accu-
rately characterize pancreatic parenchyma and main pancre-
atic duct. The diagnosis of AIP should be considered once a
thorough workup for underlying PDAC is negative as PDAC
is a far more common entity and must be excluded. Various
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imaging modalities have been investigated for the evaluation
of AIP and discussed below.

CT and MR

CT with intravenous contrast obtained in pancreatic paren-
chymal phase (typically 40-45 s delay) and portal venous
phase (typically 60-70 s delay) are adequate for assessment
of changes of AIP. We use CT parameters as CT rotation
time=0.5 s, pitch=0.75, kVp=120, and quality reference
mAs=350. Delayed, 3-min phase, can be added if clinical
or initial imaging assessment is suspicious for AIP.

For MRI, T1-weighted, T2-weighted, and diffusion-
weighted (DWI B500 and 1000) and post-contrast imaging
(arterial, venous, and 5-minute delay) are used to assess.
The biliary tree is best evaluated on MRCP. Post-contrast
imaging (arterial, venous, and 5-minute delay) is beneficial
for accurate assessment of enhancement characteristics of
AIP. We use phased-array torso coil for pancreatic imaging.

Three distinct morphologic patterns of involvement have
been described: diffuse (up to 50-70%), focal (up to 30%
in type 1 and 80% in type 2), and multifocal forms (5%) [3,
22-25]. Diffuse enlargement of the pancreas, also known
as sausage-shaped pancreas with delayed enhancement, is
the most characteristic finding in AIP (Fig. 3). Pancreatic
inflammation and swelling results in loss of lobulation (fea-
tureless pancreas). On MRI, the affected gland may show
relative hypointensity on T1- weighting and mild hyper-
intensity on T2-weighting [26]. A low-attenuating rim of
soft tissue (capsule rim sign) may be seen in only about
30-40% patients but is very specific for AIP and thought to
be secondary to the infiltration of inflammatory cells and
fibrosis [27]. The rim appears as T1 and T2 hypointense
with delayed enhancement on MRI (Figs. 4, 5). Case must be
taken not to mistake peripancreatic fluid as capsule rim. Per-
ipancratic fluid often has irregular border, T2 hyperintense,

and does not enhance. Pancreatic parenchyma may show
arterial and venous phase hypoattenuation that becomes
iso-attenuating (or hyperattenuating, due to fibrosis) in the
delayed phase (Fig. 5) [28]. The segmental form of the dis-
ease affects an entire segment of the gland, such as tail or
body (Fig. 6). The focal form of AIP often involves the head
or uncinate process of pancreas and is seen as a localized
enlargement or a masslike appearance of the pancreas with
delayed enhancement after administration of contrast agent.
Sometimes AIP can present with multifocal masses (Fig. 7).

Pancreatic ducts are either small and nondilated or dif-
fusely narrowed due to compression from the swollen gland.
While mild ductal dilation proximal to the area of pancreatic
enlargement may be secondary to a focal inflammatory mass,
significant dilation of the pancreatic duct with an abrupt
cutoff is rare in AIP and PDAC should be suspected [29].
Magnetic resonance cholangiopancreatography (MRCP) is
a noninvasive nonionizing technique highly useful for iden-
tifying ductal changes of AIP. MRCP can show the presence
of a long stricture (more than one-third of the pancreatic
duct), absence of upstream dilatation (Fig. 8), presence of
multiple strictures, and presence of strictures that result in
side branch ectasia [30-32]. A focal stricture of the pancre-
atic portion of the common bile duct (CBD) with thickening
and enhancement may be found, usually signifying associ-
ated IgG4-related sclerosing cholangitis. Penetrating duct
sign or icicle sign (smoth taped narrowing of the pancre-
atic duct)favors benign stricture of AIP [33]. Normalization
of duct caliber on follow-up is an early imaging finding of
response to steroid therapy [3]. Diffusion-weighted imaging
may show restricted diffusion with low ADC values (Fig. 9)
[34]. ADC values can be related to clinical features, follow-
up status, and prior corticosteroid treatment and often have
values overlapping between PDAC and AIP [26, 29, 34, 35].
It should be noted that a normal-appearing pancreas on CT
or MRI does not rule out AIP [14].

Fig.3 66-year-old male with type 1 AIP. Contrast-enhanced CT shows diffuse enlarged sausage-shaped pancreas with decreased enhancement
in the pancreatic phase (a) with delayed enhancement in the portal phase (b). Low-density capsule-like rim is seen around the pancreas (arrow)
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Fig.4 Axial T1 (a) and T2 (b) weighted image shows segmental enlargement of the pancreatic tail with loss of T1 hyperintensity and low T2

signal capsule-like rim

Fig.5 45-year-old female with type 1 AIP presenting with mild
abdominal discomfort. Axial T1-weighted images pre-contrast (a),
arterial phase (b), portal phase (c¢), and delayed phase (d) show char-
acteristic diffuse enlargement of pancreas. The body of pancreas

Sometimes AIP is complicated by pseudocysts for-
mation or vascular complications such as compression,
encasement, or thrombosis of splenic or mesenteric vessels
[3, 36, 37]. Rarely AIP is complicated by the formation of
parenchymal or ductal calculi (7% of type 1) on follow-up
(Fig. 10) [38].

Both type 1 and type 2 AIP appear similar on imaging
[39]. Few recent studies have shown that type 2 tends to
be more focal (up to 85% times) and may have distal short-
ening of pancreas owing to ductal injury [16]. A higher
degree of dilation of the MPD has also been noted in Type
1 AIP possibly because the inflammatory infiltrate and the
fibrosis tend to compress the MPD [39]. Risk factors for
pancreatic calculi include excessive alcohol consumption
and recurrent AIP relapses [40].
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shows low T1 signal before contrast with delayed enhancement. The
tail of pancreas shows relatively normal signal although surrounded
by capsule-like rim with delayed enhancement (arrow). The biopsy
confirmed LPSP

Differentiation of AIP with PDAC

One of the major challenges in accurately diagnosing
AIP is its differentiation from PDAC. The presentation
with painless jaundice in an elderly patient with unreli-
able tumor markers may make clinical picture confusing.
Patients with AIP show higher levels of serum IgG4 (a
more than twofold elevation or a value >280 mg/dL is
99% specific for AIP) compared with patients with pan-
creatic adenocarcinoma [3]. On the contrary, CA 19-9
is considered a standard biomarker for pancreatic can-
cer. Reported pooled sensitivity and specificity of CA
19-9 for the diagnosis of pancreatic cancer are 79-81%
and 82-90%, respectively [41]. While the diffuse form
of AIP may be easier to diagnose on imaging, the focal
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Fig.6 81-year-old female with segmental form of type 1 AIP. Axial
and coronal CT images show segmental enlargement of body and
tail of pancreas with capsule-like rim (white arrow). Note sparing of
pancreatic head and no significant pancreatic duct dilation. Coronal

image also shows bile duct wall enhancement at hilum suggestive of
associated IgG4-related biliary disease (black arrow). EUS-guided
biopsy showed LPSP

Fig.7 24-year-old female with type 2 AIP and history of ulcerative
colitis. Axial post-contrast T1-weighted image in portal phase (a, b)
show multiple focal pancreatic masses with decreased enhancement

pancreatic involvement may require biopsy confirmation
for a definite diagnosis. Sometimes the segmental form
of enlargement may be secondary to small cancer with
upstream pancreatitis or diffuse infiltrating tumor. High-
density rim sign of pancreatic cancer may be helpful to
distinguish it from AIP where the hyperattenuating rim
around the tumor is hyperdense on the noncontrast study
and shows hyperenhancement compared to pancreatic
parenchyma on portal venous phase [42]. The major dis-
tinguishing features between AIP and pancreatic adeno-
carcinoma are summarized in Table 1.

(arrows). Initial hypoenhancement and delayed hyperenhancement are
characteristic of AIP. Subsequent biopsy confirmed IDCP

Endoscopic ultrasound (EUS) and Endoscopic
retrograde cholangiopancreatography (ERCP)

Typical AIP appears as diffusely enlarged hypoechoic pan-
creas with echogenic interlobular septa and narrowing of
the main pancreatic duct on EUS. An additional advantage
of endoscopic ultrasound is the feasibility of obtaining an
ultrasound-guided biopsy for definitive histologic diagnosis
[3, 43]. EUS-guided FNAC alone has low sensitivity (up to
40%) when compared to combination of FNAC and Trucut
biopsy (accuracy up to 85%) [3]. Even though ERCP can

@ Springer



1364

Abdominal Radiology (2020) 45:1359-1370

Fig.8 74-year-old male with type 1 AIP. The pancreas is diffusely
enlarged (not shown). The main pancreatic duct is diffusely narrowed
due to compression from swollen gland and not visible except for a
short segment of mildly dilated duct in the pancreatic neck (white
arrow). Common bile duct is narrowed within the pancreatic head
(dashed white arrow)

accurately depict characteristic ductal changes of AIP, ERCP
is typically reserved for the cases where therapeutic inter-
vention for ductal obstruction is needed [31, 44].

Positron emission tomography (PET)

PET is not required for diagnosis [45]. When performed due
to suspicion for underlying pancreatic cancer and staging, it
may show intense, diffuse, or focal fluorine-18 fluorodeoxy-
glucose (FDG) uptake in the inflamed areas of the pancreas

in 90-100% of cases (Fig. 11), but not useful for differentia-
tion from PDAC [46, 47]. The presence of FDG uptake in
the organs typical for type 1 AIP may aid in the differential
diagnosis. There may be a role in the monitoring of early
response in the steroid trial.

Imaging: extrapancreatic findings

As type 1 AIP is the pancreatic manifestations of 1gG4-
related disease, it is often associated with 1gG4-related
lesions involving various extrapancreatic organs. The most
common sites of involvement include biliary tree, kidneys,
retroperitoneum, orbits, and salivary gland. Presence of the
extrapancreatic lesions could provide a clue for the diagnosis
of AIP.

Bile duct, kidney, aorta/artery, and retroperitoneum
are common sites of involvement in the abdomen. Biliary
involvement may occur up to 90% of patients with AIP. It
may involve anywhere in the biliary tree, but intrapancreatic
bile duct is most commonly affected. The affected duct typi-
cally shows diffuse wall thickening with or without proxi-
mal bile duct dilatation (Fig. 12). Wall thickening is usually
circumferential and concentric. On MRCP or ERCP, biliary
strictures are often smooth and long compared to those seen
in primary sclerosing cholangitis. The extent of bile duct
wall thickening is usually longer than extent of biliary stric-
ture. Occasionally, biliary involvement may mimic primary
sclerosing cholangitis or cholangiocarcinoma in the absence
of pancreatic involvement.

Renal involvement may occur in up to 35% of patients
with AIP. Typical imaging findings of the kidney involve-
ment include multiple low-density areas predominantly dis-
tributed in the renal cortex, commonly bilateral (Fig. 13a)
[48]. Renal pelvic wall thickening may occur.

Fig.9 62-year-old male with type 1 AIP forming multifocal lesions. Diffusion-weighted image (a) shows multifocal areas of hyperintensity with

corresponding ADC hypointensity (b)
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Fig. 10 68-year-old male with type 1 AIP. Axial post-contrast CT image before (a) and after steroid treatment (b) shows reduction of pancreatic

inflammation and development of pancreatic parenchymal calcifications

Table 1 Differences between

. e Autoimmune pancreatitis
autoimmune pancreatitis and

Pancreas cancer

pancreatic cancer

Pancreatic duct typically not dilated
Capsule-like rim with delayed enhancement

Penetrating duct sign is present

Side branch dilatation at the level of MPD stricture

Responds to short steroid course

Delayed parenchymal enhancement

Extrapancreatic involvement of IgG4 disease

Diffuse pancreatic enlargement but may be focal

Focal form more common
Significant dilatation of the pancreatic duct

Hyperdense rim on noncontrast CT and hyperen-
hancment of rim on portal venous phase

Double duct sign highly specific for PC

Side branch obliteration due to tumor obliteration
Nonresponsive to steroids

Remains hypoenhancing in delayed phase
Metastasis +

Aortic involvement usually present with circumferential
soft tissue thickening around the aorta. Though it could
involve any part of the aorta, the infrarenal abdominal aorta
is frequently affected and sometimes could lead to lumi-
nal dilatation (inflammatory abdominal aortic aneurysm)
(Fig. 13b) [49]. Retroperitoneal fibrosis may involve other
parts of the body and manifest as band-like or sheet-like area
of soft tissue thickening. Aortic lesions or retroperitoneal
fibrosis sometimes causes urinary tract obstruction.

Salivary and lacrimal glands, pituitary gland, meninges,
and cranial nerve are common sites of involvement in the head
and neck region. Of these manifestations, salivary and lacrimal
glands are most prevalent. Typical imaging finding is well-
demarcated bilateral enlargement of the involved glands. On
the US, the enlarged glands demonstrate multiple low-echoic
areas surrounded by linear hyperechoic structures (Fig. 13c)
[50]. MRI may show perineural involvement, especially in

branches of trigeminal nerves, associated with lacrimal gland
enlargement (Fig. 13d) [51].

Lung, paravertebral, and aortic/arterial are common sites of
involvement in the thorax. Though lung lesions show various
imaging findings from inflammatory pseudotumor to inter-
stitial pneumonia, typical CT findings are diffuse thickening
of the bronchovascular bundle and interlobular septa associ-
ated with ground-glass opacities (Fig. 13e) [52]. Paravertebral
lesions are recently recognized manifestations of IgG4-RD and
they present as band-like soft tissue mainly on the right side of
lower thoracic vertebrae (Fig. 13f) [53].
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Fig. 11 52-year-old female with type 1 AIP presented with abdomi-
nal pain. Axial post-contrast CT images (a, b) show hypoattenuat-
ing masses in the head and tail of pancreas (arrow). Heterogenous
enhancement of head lesion with moderate pancreatic duct dilata-

tion in the neck was atypical findings of AIP. PET-CT (c, d) shows
increased FDG uptake (arrow) with SUV max of 10.7. Subsequent
biopsy confirmed LPSP

Fig. 12 73-year-old male with type 1 AIP presented with painless
jaundice. Axial (a) and coronal (b) post-contrast CT images show
moderate intrahepatic bile duct dilatation and mild diffuse wall thick-
ening of the extrahepatic bile duct (white arrow). Retrograde cholan-

Diagnostic criteria

Several diagnostic criteria were proposed from vari-
ous countries between 2002 and 2009. These diagnostic
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giogram demonstrate multifocal smooth strictures of the both intrahe-
patic and extrahepatic bile ducts (black arrow). Proximal intrahepatic
bile ducts are mildly dilated. Findings are consistent with biliary
involvement of IgG4-related disease

criteria varied reflecting the differences in the diagnostic
approach and patient population (proportion of type 1 and
type 2 AIP). In 2011, the International Consensus Diag-
nostic Criteria (ICDC) for AIP were developed [21]. The
criteria emphasize five cardinal features of AIP: Histology,
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Fig. 13 Various extrapancreatic manifestation of AIP. a 71-year-old
male with type 1 AIP. CT of abdomen shows multiple wedge-shaped
low-density areas in bilateral renal cortex (arrows) consistent with
IgG4-related renal disease. b 69-year-old male with type 1 AIP. CT
of abdomen shows circumferential wall thickening of the abdomi-
nal aorta (arrows) suggestive of periaortic IgG4-related disease. ¢
81-year-old male with type 1 AIP. Ultrasonography of the subman-
dibular gland demonstrates enlarged gland with multiple low-echoic
areas surrounded by linear hyperechoic structures. d 62-year-old

Imaging (pancreatic parenchyma and pancreatic duct),
Serum IgG4 level, Other organ involvement, and Response
to steroid Therapy. These features (except for response to
therapy) are categorized as level 1 and 2 findings, depend-
ing on the specificity of the findings. Two distinct subtypes
are recognized in the ICDC classification. The diagnosis of
type 1 and type 2 AIP can be described as either definitive
or probable. Similar features with minor differences are
used in Mayo HISORt criteria. The complete description
of variety of these criteria are beyond the scope of this
review.

male with type 1 AIP and extrapancreatic involvement of lacrimal
and infraorbital nerves. MRI (T2WI coronal) shows bilateral lacrimal
glands enlargement (arrows). Bilateral infraorbital nerves are also
swollen (dashed arrows). e 50-year-old female with type 1 AIP. Chest
CT shows bronchovascular thickening in both lungs (arrows). Lung
involvement is often nonspecific with IgG4-related disease. f 91-year-
old male with type 1 AIP. Chest CT shows band-like soft tissue in
right lateral aspect of lower thoracic vertebra (arrow)

Treatment, prognosis and imaging
surveillance

High-dose corticosteroids (prednisolone 0.6 mg/kg/day or
prednisone 40 mg once daily X4 weeks) with gradual taper
is the most common treatment regimens for patients with
AIP. The treatment is aimed at symptomatic relief and
preservation the function of the organs involved. Imag-
ing changes of therapeutic response can occur as early
as 2 weeks, although repeat imaging is often performed
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after 2 months [3, 14]. The pancreatic swelling, surround-
ing halo, extrapancreatic disease, and ductal strictures
resolve, suggesting favorable treatment response. Glan-
dular atrophy secondary to fibrous changes may occur and
it is permanent. Both endocrine and exocrine insufficiency
may result from AIP despite prompt treatment. Nonresolu-
tion of the clinical symptoms or radiological abnormal-
ity should prompt the search for the alternative diagnosis
and pancreatic cancer must be excluded. Presence of a
focal mass and strictures may suggest refractory disease.
Relapse may occur in 53% of patients after steroid with-
drawal [54]. Relapse is far more common in type 1 AIP
(60%) compared to type 2 AIP (5%) [23]. Immunomodu-
lators or rituximab are used in the patient with relapse or
steroid-resistant disease [55]. Possible association of AIP
(IgG4-related disease) and pancreatic cancer and other
malignancy is still debatable [38, 55]. Rarely, pancreatic
duct stone formation may be a sequela of relapsing on the
recurrent disease.

Conclusion

The term AIP comprises of two clinically and histopatholog-
ically distinct form of steroid-responsive pancreatitis, LPSP,
and IDCP. Imaging features of two subtypes are overlapping
and often indistingushible. Imaging plays quintessential role
in the diagnosis of AIP and distinguishing AIP from PDAC.
Rituximab is emerging as promising alternative treatment
to steroid.
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