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Abdominal manifestations of IgG4-related disease: a pictorial review
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Abstract
In the last decade, autoimmune pancreatitis has become recognised as part of a wider spectrum of IgG4-related disease, typically
associated with elevated serum IgG4 levels and demonstrating a response to corticosteroid therapy. Radiologically, there is
imaging overlap with other benign and neoplastic conditions. This pictorial review discusses the intra-abdominal manifestations
of this disease on cross-sectional imaging before and after steroid treatment and the main radiological features which help to
distinguish it from other key differentials.
Teaching Points
• Autoimmune pancreatitis is part of a spectrum of IgG4-related disease.
• Diagnosis is based on raised serum IgG4, clinical, radiological and histopathological findings.
• Cross-sectional imaging can demonstrate the typical findings of abdominal IgG4-related disease.
• Cross-sectional imaging can be used to monitor response to corticosteroid treatment.
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Abbreviations
AIP Autoimmune pancreatitis
CBD Common bile duct
ERCP Endoscopic retrograde cholangiopancreatography
IgG4 Immunoglobulin 4
MRCP Magnetic resonance cholangiopancreatography
T1FS T1 fat-saturated

Introduction

Autoimmune pancreatitis (AIP) is a rare form of chronic pan-
creatitis secondary to an immune-mediated fibroinflammatory
process, associated with elevated serum immunoglobulin 4
(IgG4) levels. AIP typically presents with abdominal pain
and jaundice, and classically demonstrates a good response
to corticosteroid therapy. In recent years, through better un-
derstanding of the pathophysiology of the condition, AIP has
been reclassified within the wider spectrum of IgG4-related

disease, with known associations including neurological, oc-
ular, cardiovascular, respiratory and abdominal manifestations
of disease.

The concept of AIP was first suggested in 1995 by Yoshida
et al. [1], who described AIP as a chronic form of pancreatitis
with an autoimmune aetiology. The link between AIP and
raised serum IgG4 was then observed by Hamano et al. [2]
in 2001, before Kamisawa et al. [3] proposed the concept of
AIP as part of a disease spectrum of systemic IgG4 disease in
2003.

AIP is a rare disorder. Epidemiological data available from
Japan estimates a prevalence of AIP of between 0.82–2.2 per
100,000 with a 2.9–3.7:1 male:female ratio, and typically af-
fecting individuals older than 50 years of age.

Current understanding has led to the division of AIP into
two subtypes. The key features are summarised in Table 1.
Type 1 AIP is a manifestation of a systemic IgG4-related
disease, as evidenced by the presence of histologically identi-
cal synchronous or metachronous lesions in other organs such
as the salivary glands, bile ducts and kidneys [4, 5]. Type 2
AIP is not IgG4 mediated and is typically limited to the pan-
creas, although there is a known association with chronic in-
flammatory bowel disease [6]. Both subtypes respond well to
corticosteroids, although there is a higher rate of recurrence in
Type 1 patients, who are thought to benefit from long-term
low-dose steroids [7].
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Current diagnostic criteria for IgG4-related disease
are based on a combination of three factors: (1) clinical
examination (including clinical history, physical exami-
nation and imaging), (2) immunological examination
(serum IgG4 >135 mg/dL or elevated IgG4/IgG ratio)
and (3) histopathological examination (showing
lymphoplasmocytic infiltration with storiform fibrosis
and obliterative phlebitis, with infiltration by IgG4+
plasma cells) [8–10].

Radiologically, IgG4-related disease can mimic other
conditions, depending on which organ systems are in-
volved. For example, pancreatic involvement can be
mistaken for pancreatic adenocarcinoma, lymphoma,
acute or chronic pancreatitis. An understanding of the
pattern of presentation on cross-sectional imaging is es-
sential in helping to make the correct diagnosis and
direct appropriate management. A suggested algorithm
for the workup and diagnosis of AIP is outlined in
Fig. 1, based on our own local practice and published
guidelines [11–13].

Between 2008 and 2016, 28 patients with the established
diagnosis of AIP underwent cross-sectional imaging at our
institution. From this database, this pictorial review describes
the multi-modality imaging features of AIP and its
extrapancreatic abdominal manifestations, both before and af-
ter treatment, with a focus on the key features that can help
distinguish it from its main differential diagnoses.

Imaging findings

Pancreatic involvement

The morphological appearances of Type 1 and Type 2
AIP are radiologically indistinguishable. AIP may present
with a diffuse form, a more focal form or a multifocal form.
The key imaging features of AIP are summarised in Table 2,
with particular reference made to findings that can distinguish
AIP from pancreatic cancer.

CT imaging findings

Contrast-enhanced CT (CECT) is an important modality in the
evaluation of AIP, and may clearly demonstrate classical fea-
tures such as diffuse or focal pancreatic enlargement.

The diffuse form is characterised by smooth, sausage-like
enlargement of the pancreas with loss of the normal pancreatic
lobulations (Fig. 2a). The involved pancreas tends to be
hypoattenuating relative to normal parenchyma on CT, and
there is usually preservation of peripancreatic fat planes, with-
out vascular encasement; although there may be narrowing of
peripancreatic veins. There is typically regional lymph node
enlargement, which is a relatively non-specific feature. A
more specific finding is the presence of a peripancreatic
hypoattenuating capsule (Fig. 2a) (described as a “halo” by
some sources), which is thought to represent a combination of
fibrotic tissue, fluid and phlegmon. The presence of this
peripancreatic capsule has been suggested to be a useful
distinguishing feature between AIP and pancreatic cancer
[14]. Notably, AIP is not usually associated with pancreatic
pseudocysts, peripancreatic collections or retroperitoneal flu-
id, and the lack of these features may favour AIP over acute or
chronic pancreatitis.

In its focal form, AIPmay present with a well-defined focal
mass-like lesion (Fig. 2b, c), causing irregular narrowing of
the pancreatic duct, common bile duct (CBD) involvement
and pancreatic tail retraction, in a manner that may mimic
focal pancreatic cancer. A useful discriminator is the absence
of upstream pancreatic duct dilatation in AIP, even in the pres-
ence of duct narrowing, and this feature may be appreciable on
CT [15]. Furthermore, AIP is associated with main pancreatic
duct wall enhancement, known as the “enhanced duct sign”,
which is thought to occur due to periductal inflammatory
changes and fibrosis [16, 17]. Although not common, this
sign is thought to be specific for AIP, particularly in the
focal form [18].

Post contrast, in early phase imaging there is classically
decreased enhancement within affected regions relative to
normal pancreatic parenchyma, with moderate and persistent
enhancement during later delayed phases. It has been

Table 1 The key epidemiological, clinical and pathological differences between type 1 and type 2 autoimmune pancreatitis

Type 1 AIP Type 2 AIP

Gender Male > female Male = Female

Age Older (6th decade) Younger (4th decade)

Clinical Presentation Painless obstructive jaundice Painless obstructive jaundice, acute pancreatitis and
abdominal pain

Histology IgG4-rich periductal lymphoplasmocytic infiltrates Granulocyte epithelial lesions (GEL)

Serum IgG4 Usually elevated Normal

Extrapancreatic involvement Salivary glands, biliary tree, kidneys, retroperitoneum None

Treatment outcome Excellent response to steroid, but recurrence is common Excellent response to steroid, and recurrence is rare
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suggested that delayed phase images are useful for differenti-
ating AIP and pancreatic cancer, with higher delayed phase
attenuation values seen in the former [15, 19, 20]. AIP typi-
cally demonstrates a homogenous enhancement pattern,
whereas pancreatic cancer may demonstrate ring-like en-
hancement, if enhancement occurs at all [18]. In addition,
delayed enhancement of a peripancreatic capsule is highly
suggestive of AIP [21].

MRI imaging findings

MRI imaging of AIP (Figs. 3 and 4) demonstrates the same
gross morphological features as CT; diffuse or focal pancreatic
enlargement with loss of normal pancreatic lobulations. Areas
involved by AIP demonstrate hypointense T1 and hyperintense
T2 signal, whereas the low attenuation peripancreatic capsule

demonstrates hypointense signal on both T1 and T2 sequences
[22, 23]. Dynamic contrast-enhancedMRI demonstrates a sim-
ilar pattern of enhancement as seen on CT (non-enhancement
on the early phase, with enhancement seen on later phases)
(Figs. 3b, c and 4a, b). Similarly, the peripancreatic capsule
demonstrates delayed enhancement [24].

The use of T2-weighted sequences (with or without fat
suppression) on MRI can better delineate the pancreatic
duct narrowing compared to CT, due to better contrast
resolution (Fig. 3a). As discussed previously, AIP may
demonstrate irregular duct narrowing without associated
upstream dilatation [25, 26]. In addition, the irregular duct
narrowing of AIP is typically over a longer segment com-
pared to duct narrowing seen in pancreatic cancer [27].
These pancreatic duct appearances have been corroborat-
ed with endoscopic retrograde cholangiopancreatography

Obstructive jaundice and 
pancreatic mass 

Inconclusive biopsy result 

Repeat imaging 

Repeat EUS + biopsy, or 
pancreatic core biopsy 

Trial of steroid/ surgical 
resection (based on 
overall clinical picture and 
patient fitness) 

Diagnosis of AIP 

CECT (first line)/ MRI 
Serum IgG4 levels 

Typical features of AIP: 
- Diffuse pancreatic enlargement 
- Presence of capsule-like low-density 
- Delayed enhancement 
- Long segment duct stricture 
- Serum IgG4 >2 times upper limit of normal 
- Other organ involvement (eg.biliary 

strictures, retroperitoneal fibrosis)Insufficient evidence 

EUS + ampullary biopsy 
and IgG4 staining 

Inconclusive biopsy result 

Fig. 1 Flow chart showing
suggested algorithm for
distinguishing pancreatic cancer
from AIP
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(ERCP) findings, with one multicentre study suggesting
that four key features on ERCP are: (1) long (more than
one-third the length of the pancreatic duct) stricture; (2)
lack of upstream dilatation (<5 mm); (3) multiple

strictures; (4) side branches arising from a strictured seg-
ment [28]. Secretin-enhanced MRCP improves duct dis-
tension and has been described as a potentially useful
problem-solving tool in the diagnosis of AIP.

Fig. 2 a CECT showing example of diffuse AIP with sausage shaped
configuration to the pancreas and subtle peripancreatic halo of low
attenuation (arrows). b Axial CECT in a different patient showing

example of focal AIP affecting the head of the pancreas (arrows). c
Coronal CECT in the same patient (Fig. 2b) demonstrating focal
pancreatic head involvement (arrows)

Table 2 The main distinguishing features between AIP and pancreatic cancer on cross-sectional imaging

AIP Pancreatic cancer

CT Peripancreatic hypoattenuating capsule (“halo”) present Peripancreatic halo not present

No upstream duct dilatation Abrupt upstream duct dilatation often seen ± distal pancreatic atrophy

Pancreatic duct wall enhancement sometimes present No pancreatic duct wall enhancement

Persistent enhancement in delayed phases No delayed phase enhancement

Homogenous enhancement pattern Ring-like enhancement pattern

MRI Low T1/T2 signal peripancreatic capsule No peripancreatic capsule

Duct narrowing occurs over a relatively long segment Duct narrowing occurs over a shorter segment

“Duct-penetrating sign” may be present “Duct-penetrating sign” does not occur

Restricted diffusion with low ADC values Restricted diffusion, but ADC values are not as low as AIP

PET/CT Heterogeneous and diffuse FDG uptake Focal nodular FDG uptake

Increased FDG uptake at extrapancreatic sites of disease No extrapancreatic FDG uptake (unless metastatic to nodes or distant organs)

AIP autoimmune pancreatitis, ADC apparent diffusion coefficient, CT computed tomography, FDG fluorodeoxyglucose, MRI magnetic resonance
imaging, PET positron emission tomography
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Fig. 3 A patient with a history of
mucosa-associated lymphoid
tissue (MALT) lymphoma,
presenting with raised serum
IgG4 and diagnosis of AIP on
endoscopic ultrasound (EUS)-
guided biopsy. a Axial T2 fat
saturated (FS) turbospin echo
image shows intermediate to high
T2 signal within the pancreas
(arrows), but extensive low T2
signal peripancreatic tissue (*).
There is diffuse narrowing of the
distal pancreatic duct. b Axial
T1FS post-contrast arterial phase
initially shows reduced
enhancement of the
peripancreatic tissue (*)
compared to the pancreas
(arrows). c Axial T1FS post-
contrast equilibrium phase
showing delayed enhancement of
the peripancreatic tissue. d The
pancreas and extrapancreatic soft
tissue shows marked restricted
diffusion with high signal on
diffusion-weighted imaging—
B800 (arrows), a typical finding
in AIP. e The tissue demonstrates
corresponding low signal on the
ADC map (arrows). f Only the
extrapancreatic soft tissue shows
high-grade FDG uptake (arrows),
a finding which was felt to be
atypical for lymphoma

Fig. 4 Axial T1FS post-contrast
imaging demonstrating late
enhancement in diffuse AIP. a
The pancreas is relatively
hypointense in the arterial phase
(arrows). b The pancreas shows
more avid enhancement in the
portovenous phase (arrows)
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Some studies have suggested that the presence of a non-
obstructed main pancreatic duct passing through the ‘mass’
may be useful as a discriminator between an inflammatory
pancreatic mass and pancreatic cancer, with the ‘duct pene-
trating sign’ more commonly seen in the former [20, 29].

Diffusion-weighted imaging (DWI) and the correspond-
ing apparent diffusion coefficient (ADC) can be useful in
evaluating AIP (Fig. 3d, e). Both AIP and pancreatic cancer
demonstrate increased signal on high b-value sequences,
with corresponding low ADC values. One study reported
that AIP demonstrates high b-value DWI signal in a more
linear morphology compared to pancreatic cancer [30]. In
addition, multiple studies have observed that AIP typically
demonstrates lower ADC values compared to pancreatic
cancer, although both have low values relative to normal
pancreatic parenchyma [20, 25, 31].

PET/CT imaging findings

FDG PET/CT imaging has been shown to have utility for the
diagnosis of AIP (Figs. 3f and 5). Multifocal increased FDG
uptake has been shown to be sensitive, although not specific,
for AIP [32, 33]. While FDG avidity may also be seen in
pancreatic cancers, typical chronic pancreatitis does not usu-
ally demonstrate FDG uptake. Furthermore, it has been report-
ed that the pattern of FDG avidity may help discriminate be-
tween AIP and pancreatic cancer, with a diffuse, elongated

and heterogenous pattern of uptake thought to favour AIP
(in contrast to a nodular focal pattern favouring pancreatic
cancer) [32, 33]. A more recent study has suggested that the
measurement of SUV ratios between the pancreas and liver
may also be helpful in distinguishing AIP and cancer, with
pancreatic lesions in AIP demonstrating a lower maximum
standard uptake value (SUV) ratio compared to pancreatic
cancer [34]. In addition, FDG PET/CT is excellent at demon-
strating extrapancreatic sites of disease (Fig. 5), which, when
present, are strongly suggestive of a diagnosis of AIP over
pancreatic cancer.

Response to treatment imaging findings

AIP is characterised by an excellent response to treatment with
corticosteroid therapy, both clinically and radiologically, with
radiological improvement usually seen within 2 weeks
(Figs. 6a, b). Multiple studies have demonstrated resolution
of imaging abnormalities after treatment on CTand MRI. Key
features of treatment response include reduction in the size of
the pancreatic parenchyma, normalisation of pancreatic en-
hancement characteristics and normalisation of the pancreatic
duct diameter [21, 23, 35]. It has been reported that treatment
response can be predicted by the stage of disease. Features of
early phase inflammation, such as diffuse swelling and a
peripancreatic capsule, are predictors of good response to cor-
ticosteroid therapy, whereas features of the later fibrotic phase
of disease, such as focal mass-like swelling and ductal stric-
tures, are predictors of a poorer response to treatment [35].
FDG PET/CT can also be used to monitor treatment response,
with multiple studies demonstrating a reduction in FDG up-
take and maximum SUVafter appropriate corticosteroid treat-
ment [33, 36]. Steroid-responsiveness is unique to autoim-
mune pancreatitis and repeat imaging of AIP after corticoste-
roid treatment is therefore invaluable in establishing the diag-
nosis. The 2011 international consensus guidelines recom-
mend repeat imaging after a 2-week trial of corticosteroid
treatment in the context of a new diagnosis of AIP [37].

Biliary involvement

Biliary tree involvement is seen in the majority (up to 90%) of
patients with AIP, and presents in the form of IgG4 cholangitis
(Figs. 7 and 8). Evaluation of biliary involvement in AIP
can be pe r fo rmed v ia CT, magne t i c r esonance
cholangiopancreatography (MRCP) or ERCP, and character-
istic features include stricturing and narrowing of the bile
ducts, bile duct fibrosis and bile duct wall thickening. The
key differential diagnosis is primary sclerosing cholangitis,
which usually affects a younger patient demographic. Biliary
strictures in IgG4 disease are typically long and smooth in
morphology, with associated upstream dilatation, and patients
may consequently develop obstructive jaundice. This is in

Fig. 5 Coronal FDG-PET/CT study showing multifocal IgG4 disease
with involvement of the right lung, tail of the pancreas and
retroperitoneum (arrows)
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contrast to the appearances of primary sclerosing cholangitis,
which demonstrates multifocal short, band-like strictures that
lead to a “beaded” appearance [38].

Bile duct wall thickening in IgG4 cholangitis is readily
appreciable on cross-sectional imaging, and demonstrates en-
hancement on post-contrast studies. Although both the
intrahepatic and extrahepatic bile ducts can be affected, the
most common site of involvement is the intrapancreatic seg-
ment of the CBD [39]. The gallbladder wall may also be
involved, demonstrating wall thickening and enhancement
[40, 41]. As with the pancreatic findings of AIP, IgG4
cholangitis can demonstrate a good response to corticosteroid
treatment, and this is reflected radiologically by the resolution
of biliary strictures and bile duct wall thickening (Figs. 8a, b)
[38, 42].

Renal involvement

Renal involvement is frequently seen with AIP, and renal pa-
renchymal involvement is noted around 30% of patients with

AIP [43]. There are several patterns of renal involvement
which have been described; these include generalised renal
enlargement, wedge-shaped or rounded parenchymal lesions
(usually located in the renal cortex) (Figs. 9a, b), renal pelvic
lesions (Fig. 9c, d), and the development of a perirenal soft
tissue rind (Fig. 10).

Renal parenchymal lesions are the most common man-
ifestation of renal IgG4 disease. On CT imaging, renal
parenchymal lesions are typically isodense to renal cortex
on pre-contrast imaging, but hypoattenuating on
corticomedullary phase imaging (Fig. 9a), before develop-
ing gradual progressive enhancement on more delayed
phases [44]. Renal pelvic lesions are far less common
compared to renal parenchymal lesions, and are
characterised by thickening and enhancement of the renal
pelvis (Fig. 9c). The development of a perirenal soft tissue
rind is a relatively rare manifestation of AIP (Fig. 10a)
with delayed enhancement post-contrast.

On MRI, these lesions usually exhibit hypointense T2 and
isointense T1 signal (Fig. 10b, c), with enhancement charac-
teristics similar to those seen on CT (Fig. 10d, e). In addition,
these lesions demonstrate increased signal on high b-value
DWI sequences, with matching low ADC values (Fig. 10f,
g), and it has been reported that DWI sequences may be su-
perior to conventional MRI sequences in terms of early detec-
tion of subclinical parenchymal lesions [45].

Important differentials to consider when evaluating for
renal IgG4 disease include metastatic disease, renal lym-
phoma and pyelonephritis. In all these cases, the presence
of IgG4 disease in other organ systems should favour a
diagnosis of renal IgG4 disease. Clinical correlation is also
crucial; for example, metastases should be considered in the
context of a known primary malignancy, and pyelonephritis
should be considered in the context of a septic patient.
Renal lymphoma may closely mimic parenchymal IgG4
disease in terms of MRI characteristics, but is often associ-
ated with significant retroperitoneal lymphadenopathy, in

Fig. 6 a Axial T2 balanced gradient echo image shows diffuse
enlargement of the body and tail of the pancreas (arrows) with
proximal biliary dilatation due to a distal common bile duct (CBD)

stricture (*). b Following corticosteroid treatment, the pancreas is less
bulky (arrows) and the biliary dilatation is no longer prominent (*) due
to resolution of the previous biliary stricture (not shown)

Fig. 7 Example of IgG4 biliary stricture: MRCP shows a long smooth
stricture involving the intrapancreatic portion of the CBD (arrow). The
proximal pancreatic duct is also attenuated (arrowhead)
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contrast to renal IgG4 disease. In addition, lymphoma is not
associated with elevated serum IgG4 [45].

As with pancreatic and biliary IgG4 disease, renal IgG4
disease exhibits a good response to corticosteroid treatment,

Fig. 9 Example of IgG4 disease affecting the left kidney. a Axial CECT
shows typical wedge-shaped low-density renal cortical lesions in the left
kidney (arrows). Both kidneys are stented as there was also IgG4 related
retroperitoneal fibrosis. b Coronal FDG PET/CT in same patient as in a
showing multifocal high-grade uptake in the left kidney (arrow). c

Example of bilateral renal pelvic involvement in a different patient
(arrows) on CECT. d Axial T2 turbospin echo image in different
patient shows renal lesions (arrows) are of mixed high and low T2
signal (typically reported in the literature as low T2 signal)

Fig. 8 Example of IgG4-related
biliary stricture in a different
patient. a Strictures are seen in the
common hepatic duct and distal
CBD (arrows). Sto stomach, Duo
duodenum. b ERCP performed
6 months later on the same patient
shows resolution of the
extrahepatic strictures after
treatment with corticosteroids
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with improvement in imaging findings and biochemical renal
function, although some patients may relapse whilst on treat-
ment. Post-treatment appearances of successfully treated renal
IgG4 disease include resolution of previously seen lesions, as
well as cortical scarring in the corresponding locations [43].

Retroperitoneal and other abdominal involvement

AIP-associated IgG4 disease is known to involve the
retroperitoneum, principally in the form of retroperitoneal fi-
brosis, and less commonly in the form of periaortitis. An

Fig. 10 Example of extrarenal
IgG4 disease. a CECT showing a
rind of abnormal soft tissue (*)
anterior to the right kidney and
encasing the IVC. b) Axial T2
turbo spin echo image of the same
patient as in Fig. 9a shows
perirenal soft tissue is of low T2
signal (*). c Axial T1FS pre-
contrast shows perirenal soft
tissue of intermediate T1 signal
(*). d Axial T1FS post-contrast
arterial phase shows minimal
enhancement of the perirenal soft
tissue (*). e Axial T1FS post-
contrast equilibrium phase shows
delayed enhancement related to a
cuff of soft tissue around the IVC
(arrow) with most of the perirenal
soft tissue remaining low T1
signal (*). f The enhancing tissue
around the IVC shows restricted
diffusion with high signal on
DWI—B800 (arrows). g There is
corresponding low signal on the
ADC map (arrows)
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estimated 10% of patients with AIP develop retroperitoneal
fibrosis, and this has similar imaging findings compared to
retroperitoneal fibrosis secondary to other causes [22]. It man-
ifests as a retroperitoneal mass which encases the aorta
(Fig. 11) and may cause hydronephrosis secondary to the ex-
trinsic compression of the ureters. On CT, the area of fibrosis
appears as a soft-tissue mass with variable enhancement
(Fig. 11a) [46]. MRI appearances include low/intermediate
T1 signal, variable T2 signal and variable contrast enhance-
ment, depending on the degree of inflammatory activity and
fibrous tissue [39] On FDG PET/CT imaging, the affected
areas exhibit avid FDG uptake (Fig. 11b). As with previously
described IgG4 disease, there is typically complete or near
complete resolution of imaging findings after treatment with
corticosteroids (Fig. 11c, d).

Vascular involvement in IgG4 disease may include
periaortitis. This is characterised by vessel wall thickening
and enhancement, and if untreated may progress to dissection
and aneurysm formation. On CT, the affected areas are appar-
ent as wall thickening and late phase enhancement, and on
FDG PET/CT it has been reported that affected areas demon-
strate increased FDG uptake [47–49].

AIP has been reported in the literature to involve other
abdominal organs, including the mesentery, abdominal lymph

nodes, prostate, stomach and liver [39, 50, 51]. Involvement
of these systems is very rare, and imaging features include
soft-tissue masses that demonstrate PET avidity. Ultimately,
diagnosis in these rare cases is reliant on biopsy and response
to steroid treatment.

Conclusions

AIP is an uncommon but important condition and is now
recognised as a manifestation of systemic IgG4-related dis-
ease. Cross-sectional imaging (including the use of PET/
CT), plays an essential role in the diagnosis of AIP, helping
to establish the extent of involvement, and in the evaluation of
treatment response. Common sites of involvement within the
abdomen include the pancreas, biliary tract, kidneys and
retroperitoneum. Depending on the site of involvement, imag-
ing features may include focal or diffuse enlargement of the
pancreas, smooth distal biliary strictures, focal renal involve-
ment and/or abnormal periaortic or perirenal soft tissue.
Typically, the sites affected show late enhancement, restricted
diffusion on MRI and uptake on PET/CT, with resolution (or
near resolution) of findings following corticosteroid therapy. It
is hoped that this pictorial review has improved the

Fig. 11 Example of IgG4
retroperitoneal fibrosis. a Axial
CECT showing enhancing soft
tissue partly encasing the IVC and
aorta (arrows). b Axial FDG
PET/CT showing increased FDG
uptake in the abnormal
retroperitoneal soft tissue
(arrows). c Axial CECT in the
same patient, with reduced
periaortic soft tissue, following
treatment with corticosteroids. d
Corresponding T1FS post-
contrast MRI showing residual
enhancing soft tissue around the
aorta following steroid treatment
(arrows)
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understanding of the reader in recognising this important dis-
ease entity within the abdomen.

Open Access This article is distributed under the terms of the Creative
Commons At t r ibut ion 4 .0 In te rna t ional License (h t tp : / /
creativecommons.org/licenses/by/4.0/), which permits unrestricted use,
distribution, and reproduction in any medium, provided you give appro-
priate credit to the original author(s) and the source, provide a link to the
Creative Commons license, and indicate if changes were made.

Publisher’s note Springer Nature remains neutral with regard to juris-
dictional claims in published maps and institutional affiliations.

References

1. Yoshida K, Toki F, Takeuchi T, Watanabe S, Shiratori K, Hayashi N
(1995) Chronic pancreatitis caused by an autoimmune abnormality.
Proposal of the concept of autoimmune pancreatitis. DigDis Sci 40:
1561–1568

2. Hamano H, Kawa S, Horiuchi A et al (2001) High serum IgG4
concentrations in patients with sclerosing pancreatitis. N Engl J
Med 344:732–738

3. Kamisawa T, Funata N, Hayashi Y et al (2003) A new clinicopath-
ological entity of IgG4-related autoimmune disease. J Gastroenterol
38:982–984

4. Zen Y, Bogdanos DP, Kawa S (2011) Type 1 autoimmune pancre-
atitis. Orphanet J Rare Dis 6:82

5. Park DH, Kim MH, Chari ST (2009) Recent advances in autoim-
mune pancreatitis. Gut 58:1680–1689

6. Detlefsen S, Drewes AM (2009) Autoimmune pancreatitis. Scand J
Gastroenterol 44:1391–1407

7. Okazaki K, Uchida K (2015) Autoimmune pancreatitis: the past,
present, and future. Pancreas 44:1006–1016

8. Deshpande V, Zen Y, Chan JK et al (2012) Consensus statement on
the pathology of IgG4-related disease. Mod Pathol 25:1181–1192

9. Okazaki K, Umehara H (2012) Are classification criteria for IgG4-
RD now possible? The concept of IgG4-related disease and propos-
al of comprehensive diagnostic criteria in Japan. Int J Rheumatol
2012:357071

10. Stone JH, Khosroshahi A, Deshpande V et al (2012)
Recommendations for the nomenclature of IgG4-related disease
and its individual organ system manifestations. Arthritis Rheum
64:3061–3067

11. Shimosegawa T, Chari ST, Frulloni L et al (2011) International
consensus diagnostic criteria for autoimmune pancreatitis: guide-
lines of the International Association of Pancreatology. Pancreas
40:352–358

12. Kamisawa T, Imai M, Yui Chen P et al (2008) Strategy for differ-
entiating autoimmune pancreatitis from pancreatic cancer. Pancreas
37:e62–e67

13. Chari ST, Takahashi N, Levy MJ et al (2009) A diagnostic strategy
to distinguish autoimmune pancreatitis from pancreatic cancer. Clin
Gastroenterol Hepatol 7:1097–1103

14. Zaheer A, Singh VK, Akshintala VS et al (2014) Differentiating
autoimmune pancreatitis from pancreatic adenocarcinoma using
dual-phase computed tomography. J Comput Assist Tomogr 38:
146–152

15. Sun GF, Zuo CJ, Shao CW, Wang JH, Zhang J (2013) Focal auto-
immune pancreatitis: radiological characteristics help to distinguish
from pancreatic cancer. World J Gastroenterol 19:3634–3641

16. Suzuki K, Itoh S, Nagasaka T, Ogawa H, Ota T, Naganawa S (2010)
CT findings in autoimmune pancreatitis: assessment using multi-
phase contrast-enhanced multisection CT. Clin Radiol 65:735–743

17. Kawai Y, Suzuki K, Itoh S, Takada A, Mori Y, Naganawa S (2012)
Autoimmune pancreatitis: assessment of the enhanced duct sign on
multiphase contrast-enhanced computed tomography. Eur J Radiol
81:3055–3060

18. Furuhashi N, Suzuki K, Sakurai Y, Ikeda M, Kawai Y, Naganawa S
(2015) Differentiation of focal-type autoimmune pancreatitis from
pancreatic carcinoma: assessment by multiphase contrast-enhanced
CT. Eur Radiol 25:1366–1374

19. Takahashi N, Fletcher JG, Hough DM et al (2009) Autoimmune
pancreatitis: differentiation from pancreatic carcinoma and normal
pancreas on the basis of enhancement characteristics at dual-phase
CT. AJR Am J Roentgenol 193:479–484

20. Choi SY, Kim SH, Kang TW, Song KD, Park HJ, Choi YH (2016)
Differentiating mass-forming autoimmune pancreatitis from pan-
creatic ductal adenocarcinoma on the basis of contrast-enhanced
MRI and DWI findings. AJR Am J Roentgenol 206:291–300

21. Manfredi R, Graziani R, Cicero C et al (2008) Autoimmune pan-
creatitis: CT patterns and their changes after steroid treatment.
Radiology 247:435–443

22. Sahani DV, Kalva SP, Farrell J et al (2004) Autoimmune pancrea-
titis: imaging features. Radiology 233:345–352

23. Manfredi R, Frulloni L, Mantovani W, Bonatti M, Graziani R,
Pozzi Mucelli R (2011) Autoimmune pancreatitis: pancreatic and
extrapancreatic MR imaging-MR cholangiopancreatography find-
ings at diagnosis, after steroid therapy, and at recurrence. Radiology
260:428–436

24. Carbognin G, Girardi V, Biasiutti C et al (2009) Autoimmune
pancreatitis: imaging findings on contrast-enhanced MR,
MRCP and dynamic secretin-enhanced MRCP. Radiol Med
114:1214–1231

25. Muhi A, Ichikawa T, Motosugi U et al (2012) Mass-forming auto-
immune pancreatitis and pancreatic carcinoma: differential diagno-
sis on the basis of computed tomography and magnetic resonance
cholangiopancreatography, and diffusion-weighted imaging find-
ings. J Magn Reson Imaging 35:827–836

26. Negrelli R, Manfredi R, Pedrinolla B et al (2015) Pancreatic duct
abnormalities in focal autoimmune pancreatitis: MR/MRCP imag-
ing findings. Eur Radiol 25:359–367

27. Kamisawa T, Tu Y, Egawa N, Nakajima H, Tsuruta K, Okamoto A
(2006) Involvement of pancreatic and bile ducts in autoimmune
pancreatitis. World J Gastroenterol 12:612–614

28. Sugumar A, Levy MJ, Kamisawa T et al (2011) Endoscopic retro-
grade pancreatography criteria to diagnose autoimmune pancreati-
tis: an international multicentre study. Gut 60:666–670

29. Ichikawa T, Sou H, Araki T et al (2001) Duct-penetrating sign at
MRCP: usefulness for differentiating inflammatory pancreatic mass
from pancreatic carcinomas. Radiology 221:107–116

30. Kamisawa T, Takuma K, Anjiki H et al (2010) Differentiation of
autoimmune pancreatitis from pancreatic cancer by diffusion-
weighted MRI. Am J Gastroenterol 105:1870–1875

31. Hur BY, Lee JM, Lee JE et al (2012) Magnetic resonance imaging
findings of the mass-forming type of autoimmune pancreatitis:
comparison with pancreatic adenocarcinoma. J Magn Reson
Imaging 36:188–197

32. Ozaki Y, Oguchi K, Hamano H et al (2008) Differentiation of au-
toimmune pancreatitis from suspected pancreatic cancer by
fluorine-18 fluorodeoxyglucose positron emission tomography. J
Gastroenterol 43:144–151

33. Lee TY, Kim MH, Park DH et al (2009) Utility of 18F-FDG PET/
CT for differentiation of autoimmune pancreatitis with atypical
pancreatic imaging findings from pancreatic cancer. AJR Am J
Roentgenol 193:343–348

Insights Imaging (2018) 9:437–448 447



34. Zhang J, Jia G, Zuo C, Jia N, Wang H (2017) 18F- FDG PET/CT
helps differentiate autoimmune pancreatitis from pancreatic cancer.
BMC Cancer 17:695

35. Sahani DV, Sainani NI, Deshpande V, Shaikh MS, Frinkelberg DL,
Fernandez-del Castillo C (2009) Autoimmune pancreatitis: disease
evolution, staging, response assessment, and CT features that pre-
dict response to corticosteroid therapy. Radiology 250:118–129

36. Matsubayashi H, Furukawa H, Maeda A et al (2009) Usefulness of
positron emission tomography in the evaluation of distribution and
activity of systemic lesions associated with autoimmune pancreati-
tis. Pancreatology 9:694–699

37. Zhang L, Chari S, Smyrk TC et al (2011) Autoimmune pancreatitis
(AIP) type 1 and type 2: an international consensus study on histo-
pathologic diagnostic criteria. Pancreas 40:1172–1179

38. Nakazawa T, Ohara H, Sano H et al (2004) Cholangiography can
discriminate sclerosing cholangitis with autoimmune pancreati-
tis from primary sclerosing cholangitis. Gastrointest Endosc 60:
937–944

39. Vlachou PA, Khalili K, Jang HJ, Fischer S, Hirschfield GM,
Kim TK (2011) IgG4-related sclerosing disease: autoimmune
pancreatitis and extrapancreatic manifestations. Radiographics
31:1379–1402

40. Kamisawa T, EgawaN, NakajimaH, Tsuruta K, Okamoto A (2005)
Extrapancreatic lesions in autoimmune pancreatitis. J Clin
Gastroenterol 39:904–907

41. Kawamoto S, Siegelman SS, Hruban RH, Fishman EK (2004)
Lymphoplasmacytic sclerosing pancreatitis with obstructive
jaundice: CT and pathology features. AJR Am J Roentgenol
183:915–921

42. Kojima E, Kimura K, Noda Y, Kobayashi G, Itoh K, Fujita N
(2003) Autoimmune pancreatitis and multiple bile duct strictures
treated effectively with steroid. J Gastroenterol 38:603–607

43. Takahashi N, Kawashima A, Fletcher JG, Chari ST (2007) Renal
involvement in patients with autoimmune pancreatitis: CT and MR
imaging findings. Radiology 242:791–801

44. Triantopoulou C, Malachias G, Maniatis P, Anastopoulos J, Siafas
I, Papailiou J (2010) Renal lesions associated with autoimmune
pancreatitis: CT findings. Acta Radiol 51:702–707

45. Kim B, Kim JH, Byun JH et al (2014) IgG4-related kidney disease:
MRI findings with emphasis on the usefulness of diffusion-
weighted imaging. Eur J Radiol 83:1057–1062

46. Sohn JH, Byun JH, Yoon SE et al (2008) Abdominal
extrapancreatic lesions associated with autoimmune pancreatitis:
radiological findings and changes after therapy. Eur J Radiol 67:
497–507

47. Inoue D, Zen Y, Abo H et al (2011) Immunoglobulin G4-related
periaortitis and periarteritis: CT findings in 17 patients. Radiology
261:625–633

48. Zhang J, Chen H, Ma Y et al (2014) Characterizing IgG4-related
disease with 18F-FDG PET/CT: a prospective cohort study. Eur J
Nucl Med Mol Imaging 41:1624–1634

49. Yabusaki S, Oyama-Manabe N, Manabe O et al (2017)
Characteristics of immunoglobulin G4-related aortitis/periaortitis
and periarteritis on fluorodeoxyglucose positron emission
tomography/computed tomography co-registered with contrast-
enhanced computed tomography. EJNMMI Res 7:20

50. Bookhout CE, Rollins-Raval MA (2016) Immunoglobulin G4-
related lymphadenopathy. Surg Pathol Clin 9:117–129

51. Bulanov D, Arabadzhieva E, Bonev S et al (2016) A rare case of
IgG4-related disease: a gastric mass, associated with regional
lymphadenopathy. BMC Surg 16:37

448 Insights Imaging (2018) 9:437–448


	Abdominal manifestations of IgG4-related disease: a pictorial review
	Abstract
	Abstract
	Abstract
	Introduction
	Imaging findings
	Pancreatic involvement
	CT imaging findings
	MRI imaging findings
	PET/CT imaging findings
	Response to treatment imaging findings

	Biliary involvement
	Renal involvement
	Retroperitoneal and other abdominal involvement

	Conclusions
	References


