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IgG4-related Disease from Head 
to Toe1

Immunoglobulin G4 (IgG4)–related disease is a relatively recently 
proposed clinical-pathologic entity that is characterized by fibro- 
inflammatory lesions rich in IgG4-positive plasma cells and, often 
but not always, elevated serum IgG4 concentrations. IgG4-related 
disease was recognized as a systemic disease in 2003, when extra-
pancreatic manifestations were identified in patients with autoim-
mune pancreatitis. Since then, the disease has been reported as 
affecting virtually every organ system and has been identified in 
the biliary tree, salivary and lacrimal glands, periorbital tissues, 
lungs, lymph nodes, thyroid gland, kidneys, prostate gland, testicles, 
breasts, and pituitary gland. Its pathogenesis is poorly understood, 
but findings are consistent with both an autoimmune and an aller-
gic disorder. Although definitive diagnosis requires histopathologic 
analysis, imaging plays an important role in demonstrating infiltra-
tion and enlargement of involved organs. Because of the systemic 
nature of the disease, imaging workup of IgG4-related disease 
should always include whole-body examinations to detect multior-
gan involvement. Patients often present with subacute development 
of a mass in or diffuse enlargement of the affected organ, some-
times mimicking a neoplastic process. In every anatomic location, 
several inflammatory and neoplastic entities must be considered 
in the differential diagnosis. Because IgG4-related disease usually 
shows a marked response to corticosteroid therapy, radiologists 
should be familiar with its clinical and imaging manifestations to 
avoid a delay in diagnosis and unnecessary surgical interventions.
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After completing this journal-based SA-CME 
activity, participants will be able to:

■■ Identify the most commonly affected 
organs in IgG4-related disease.

■■ Describe characteristic imaging find-
ings of pancreatic and extrapancreatic 
IgG4-related disease.

■■ Discuss the differential diagnosis in 
each affected organ.

See www.rsna.org/education/search/RG.

SA-CME LEARNING OBJECTIVES

Introduction
Immunoglobulin G4 (IgG4)–related disease is an increasingly 
recognized immune-mediated condition that comprises a group 
of disorders previously thought to be unrelated, but with common 
pathologic, serologic, and clinical features (Fig 1). These commonly 
shared features include infiltration by IgG4-positive plasma cells and 
lymphocytes with associated fibrosis, producing tumefactive lesions 
in one or more organs or organ systems. In addition, elevated serum 
IgG4 concentrations are found in most patients.

The pancreas is the most commonly affected organ in IgG4-related 
disease. Since 2001, it has been known that patients with sclerosing 
pancreatitis, a form of autoimmune pancreatitis called type 1, have 
high serum IgG4 concentrations and show infiltration by IgG4-positive 
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Figure 1.  Previously recognized conditions that may form 
part of the IgG4-related disease spectrum.

Because the fibrosis is characteristically found in 
some organs but seldom in others, and because 
the disease may be systemic or may affect only 
a single organ, terms like sclerosing or systemic 
are not precise for referring to this spectrum of 
disease. A panel of Japanese investigators recently 
reached a consensus to simply use the term IgG4-
related disease (14).

The pathogenesis of IgG4-related disease 
is poorly understood, and there are findings 
consistent with both an autoimmune and an 
allergic disorder. IgG4 is the least abundant IgG 
subclass (accounting for less than 5% of total 
IgG in healthy subjects), with serum concentra-
tions generally stable in individual persons (15). 
Despite the ubiquity of IgG4 within involved 
organs, many unresolved questions remain 
regarding its role in the pathogenesis of the 
disease (16).

The Japanese group proposed three major 
diagnostic criteria for practical use: (a) clinical 
examination showing characteristic diffuse or 
localized swelling or masses in one or more organs; 
(b) hematologic examination showing elevated 
serum IgG4 concentrations (≥135 mg/dL); and 
(c) histopathologic examination showing marked 
lymphoplasmacytic infiltration and storiform 
fibrosis, as well as organ infiltration by IgG4-pos-
itive plasma cells (Fig 2). The diagnosis of IgG4-
related disease is considered definite if all three 
criteria are met, probable if the first and third cri-
teria are met, and possible if the first and second 
criteria are met (17). Because clinical symptoms 
and pathologic features depend on lesion location, 

plasma cells in pancreatic specimens (1). However, 
it was not until 2003 that Kamisawa et al (2) pro-
posed the concept of IgG4-related autoimmune 
disease and suggested that autoimmune pancreati-
tis is only a part of the spectrum of this systemic 
disease. Since then, IgG4-related lesions similar to 
those of autoimmune pancreatitis have been iden-
tified in many extrapancreatic organs, including 
the bile ducts, gallbladder, lymph nodes, retroperi-
toneum, mesentery, kidneys, lungs, breasts, pros-
tate gland, and skin (3–10). The head and neck 
may also be involved, with the most commonly 
affected organs being the salivary and lacrimal 
glands, orbits, and thyroid gland, as well as the 
pituitary gland and meninges (9,10). Although au-
toimmune pancreatitis is present in most patients 
with IgG4-related disease, pancreatic involvement 
is no longer considered essential to diagnosis 
because cases with only extrapancreatic involve-
ment have been reported (11,12). Extrapancreatic 
lesions may sometimes develop before or up to 15 
years after pancreatitis.

Many different terms have been used in the lit-
erature to describe IgG4-related disease, includ-
ing IgG4-related sclerosing disease, IgG4-related sys-
temic disease, IgG4-related autoimmune disease, and 
systemic IgG4-related plasmacytic syndrome (13). 

TEACHING POINTS
■■ IgG4-related lesions similar to those of autoimmune pancre-

atitis have been identified in many extrapancreatic organs, 
including the bile ducts, gallbladder, lymph nodes, retroperi-
toneum, mesentery, kidneys, lungs, breasts, prostate gland, 
and skin. The head and neck may also be involved, with the 
most commonly affected organs being the salivary and lacri-
mal glands, orbits, and thyroid gland, as well as the pituitary 
gland and meninges.

■■ A specific finding of autoimmune pancreatitis that (to our 
knowledge) has not been described in any other pancreatic 
disorder is a capsulelike rim or halo of low attenuation sur-
rounding the pancreas at contrast material–enhanced CT and 
MR imaging. This finding is presumed to represent a fluid 
collection, a phlegmon, or fibrosis and has been observed in 
12%–48% of patients at CT and 18%–47% of patients at MR 
imaging.

■■ Primary sclerosing cholangitis occurs in younger patients, is 
associated with inflammatory bowel disease, and is less acute 
with longer duration of symptoms. IgG4-related sclerosing 
cholangitis affects older patients, is frequently accompanied 
by pancreatic or extrapancreatic lesions, may include obstruc-
tive jaundice, and often resolves with steroid therapy.

■■ Nearly 40% of patients with IgG4-related pancreatitis also 
have salivary and/or lacrimal gland involvement, which is 
characterized by bilateral painless swelling of the glands. This 
manifestation may precede or accompany pancreatitis, but it 
may also occur in isolation.

■■ The presence of renal lesions in patients with pancreatic dis-
ease has been used to help differentiate autoimmune pan-
creatitis from pancreatic cancer, since their presence strongly 
suggests the former condition.
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Figure 2.  Histopathologic features of IgG4-related thyroiditis (Riedel thyroiditis). The histopathologic findings of IgG4-related dis-
ease share striking similarities regardless of the affected organ. (a) Photomicrograph of the thyroid parenchyma shows a dense 
lymphoplasmacytic infiltrate (arrows). (Original magnification, ×200; hematoxylin-eosin [H-E] stain.) (b) Photomicrograph shows nu-
merous IgG4-positive plasma cells (arrows). Brown = cytoplasm of plasma cells containing IgG4, blue = plasma cell nuclei. (Original 
magnification, ×400; IgG4 immunostain.) (c) Photomicrograph shows storiform fibrosis (arrows) surrounding normal thyroid tissue 
(arrowheads). (Original magnification, ×40; H-E stain.) (d) Photomicrograph shows obliteration of a venous channel by IgG4-positive 
plasma cells (obliterative phlebitis) (arrows). (Original magnification, ×100; H-E stain.)

helpful in distinguishing between IgG4-related 
disease and non–IgG4-related inflammatory 
conditions (17–19). Elevated serum IgG4 concen-
tration is common in but not specific for IgG4-
related disease (20). On the other hand, serum 
IgG4 concentration may be normal in 20%–40% 
of cases of biopsy-proved IgG4-related disease 
(15,18,21). Thus, neither an increase in serum 
IgG4 concentration nor an elevated number of 
IgG4-positive plasma cells in tissue is specific for 
IgG4-related disease (18). Diagnosis of the disease 
requires careful correlation with the histopatho-
logic features of the sample, as well as with clinical 
and radiologic findings.

Clinical symptoms of IgG4-related disease 
are generally mild, with no fever or elevation of 
C-reactive protein levels. The disorder is often 
identified incidentally when organ swelling is de-
tected at radiology. Response to steroid therapy is 

it is probably impossible to establish criteria that 
include all patients with IgG4-related disease. The 
aforementioned comprehensive diagnostic criteria 
are not organ specific but are intended to help 
physicians differentiate IgG4-related disease from 
other inflammatory or malignant diseases.

Although IgG4-related disease has a highly 
characteristic histologic appearance, it cannot 
be definitively diagnosed without immunohis-
tochemical staining for IgG4. The presence of 
IgG4-positive plasma cells is required for diagnosis 
of IgG4-related disease, but some IgG4-positive 
plasma cells can also be detected in other inflam-
matory diseases. However, it has been suggested 
that dense infiltrates of IgG4-plasma cells (>10–50 
per high-power microscopic field, depending on 
the affected organ) are highly specific for IgG4-
related disease (18). A ratio of IgG4-positive to 
IgG-positive plasma cells higher than 40% is also 
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Figure 3.  Diffuse autoimmune pancreatitis. Transverse US 
image shows an enlarged pancreas with hypoechoic paren-
chyma (cursors).

excellent in most patients, although some patients 
are refractory to such therapy (15). A few cases of 
cancer have been reported in patients with IgG4-
related disease—mainly, lymphoma and pancre-
atic carcinoma—but the potential for malignant 
transformation of the disease is not clear (22).

In this article, we review the imaging findings 
of pancreatic and extrapancreatic involvement of 
IgG4-related disease and address the differential 
diagnosis in  potentially affected organ systems.

IgG4-related  
Autoimmune Pancreatitis

Autoimmune pancreatitis is a specific form of 
chronic pancreatitis that occurs secondary to an 
autoimmune process. Recent studies suggest the 
existence of two distinct subtypes of autoimmune 
pancreatitis on the basis of pathologic findings: type 
1 (lymphoplasmacytic sclerosing pancreatitis) and 
type 2 (idiopathic duct-centric chronic pancreatitis). 
Type 1 autoimmune pancreatitis is the pancreatic 
manifestation of IgG4-related disease, whereas type 
2 has a distinctly different histologic and clinical 
profile, with no elevation of serum IgG4 concentra-
tions or presence of autoantibodies (23).

IgG4-related autoimmune pancreatitis is the 
prototypical form of IgG4-related disease and is 
characterized by periductal infiltration by IgG4-
positive plasma cells, which leads to periductal 
fibrosis. At presentation, the pancreas is either dif-
fusely or focally enlarged, with irregular narrowing 
of the pancreatic duct and sometimes of the com-
mon bile duct (CBD) as well. Over time, atrophy of 
the parenchymal acini occurs, and extensive sclero-
sis results in loss of the lobular architecture (24).

IgG4-related autoimmune pancreatitis is seen 
in an estimated 2%–8% of patients with chronic 
pancreatitis (25). Middle-aged and elderly men 
are primarily affected, with 95% of patients 
older than 45 years and a male-to-female ratio of 
3–7:1 (22,26). No specific symptoms are seen in 
patients with autoimmune pancreatitis, although 
some patients have little or no abdominal pain, 
obstructive jaundice, weight loss, new onset of di-
abetes, pancreatic enlargement, or accompanying 
extrapancreatic lesions (27). It was this observa-
tion—that patients with autoimmune pancreatitis 
had extrapancreatic fibroinflammatory lesions 
with similar histopathologic features—that led to 
the concept of IgG4-related disease.

Diagnosis of autoimmune pancreatitis is chal-
lenging because a subset of cases may closely 
mimic pancreatic adenocarcinoma; an estimated 
3%–9% of patients who undergo resection for a 
presumed carcinoma have autoimmune pancre-
atitis (28). During the past decade, a number of 
authors from different countries have proposed 
various diagnostic criteria for autoimmune pancre-

atitis. The Japanese Pancreatic Society established 
the first set of criteria in 2002 (29,30), consisting 
of imaging findings, serologic findings (elevated 
serum IgG4 concentration), and characteristic 
pathologic findings (the triad of lymphoplasma-
cytic infiltration, storiform fibrosis, and obliterative 
phlebitis). Other authors introduced new diagnos-
tic parameters (31,32), and in 2011, the Inter-
national Association of Pancreatology released 
the International Consensus Diagnostic Criteria 
for autoimmune pancreatitis, which defined five 
cardinal features of type 1 autoimmune pancreati-
tis: pancreatic imaging findings (parenchyma and 
duct), serologic findings (IgG4), histopathologic 
findings and immunostaining, other organ involve-
ment, and response to steroid therapy (33).

Pancreatic imaging findings play an important 
role in all of the proposed sets of diagnostic crite-
ria for autoimmune pancreatitis, since laboratory 
and pathologic findings are often insufficient and 
sometimes nonspecific for the diagnosis. Cross-
sectional imaging is also crucial in identifying 
multiorgan involvement.

There are two main recognized patterns of au-
toimmune pancreatitis: diffuse and focal (34,35). 
Diffuse disease is the more common pattern and 
is characterized by a uniformly enlarged pancreas 
with absence of pancreatic clefts. The pancreas 
has a sharp margin and loss of lobular contours, 
resulting in a featureless sausagelike appearance. 
Focal disease is characterized by enlargement 
of the pancreatic head or, less frequently, the 
pancreatic body or tail, resulting in a masslike 
appearance. Focal disease accounts for approxi-
mately 33%–41% of all cases, and its radiologic 
appearance may be difficult to differentiate from 
that of pancreatic carcinoma (36).

The affected area of the pancreas in patients 
with autoimmune pancreatitis typically appears 
hypoechoic at ultrasonography (US) (Fig 3), 
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hypoattenuating at computed tomography (CT), 
mildly hyperintense at T2-weighted magnetic 
resonance (MR) imaging, and hypointense at 
T1-weighted MR imaging (34). Dynamic CT 
shows a distinctive delayed enhancement pattern 
due to the presence of parenchymal fibrosis (37). 
A specific finding of autoimmune pancreatitis 
that (to our knowledge) has not been described 
in any other pancreatic disorder is a capsulelike 
rim or halo of low attenuation surrounding the 
pancreas at contrast material–enhanced CT and 
MR imaging. This finding is presumed to repre-
sent a fluid collection, a phlegmon, or fibrosis and 
has been observed in 12%–48% of patients at CT 
and 18%–47% of patients at MR imaging (Figs 
4–6) (34,37–39). A recent study reported that 
pancreatic perfusion was reduced in patients 
with autoimmune pancreatitis but improved 

after steroid treatment (40). Other authors have 
suggested that diffusion-weighted MR imag-
ing findings, in combination with other imaging 
findings, may be useful for distinguishing between 
autoimmune pancreatitis and pancreatic cancer. 
The apparent diffusion coefficient value of auto-
immune pancreatitis was found to be significantly 
lower than that of pancreatic cancer because of the 
greater cellularity of the former condition (36,41). 
In addition, fluorodeoxyglucose (FDG) positron 
emission tomography (PET) has been reported 
to show abnormal pancreatic radiotracer uptake 
that disappears after steroid treatment, as in other 
organs affected by IgG4-related disease.

Diffuse or segmental narrowing of the main 
pancreatic duct and, sometimes, stenosis of 
the bile duct are characteristic imaging fea-
tures of autoimmune pancreatitis, which may 

Figure 4.  Diffuse autoimmune pancreatitis in a 72-year-old man who presented with jaundice. (a) Axial nonenhanced CT 
image shows an enlarged pancreas with loss of lobular contours (sausagelike appearance). Narrowing of the CBD led to endo-
scopic stent placement (arrow). (b) Axial contrast-enhanced CT image shows a characteristic hypoattenuating halo around the 
pancreatic body and tail (arrows), a finding that was barely visible on nonenhanced images. The round lesion in the right kidney 
(arrowhead) represents a cyst. (c) Coronal CT image shows the hypoattenuating halo and absence of peripancreatic stranding 
(arrows). (d) Follow-up CT image obtained 4 months later after steroid administration shows a marked response to treatment, 
with resolution of the hypoattenuating peripancreatic halo. Note the thickening and enhancement of the CBD (arrow) after 
biliary stent removal.
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Figure 5.  Diffuse autoimmune pancreatitis in the same patient as in Figure 4. (a) Axial T1-weighted MR image shows a hypointense 
halo of fibrosis and inflammation surrounding the pancreatic tail (arrows). (b) Axial contrast-enhanced arterial phase T1-weighted MR 
image shows intense enhancement of the pancreatic parenchyma, with less enhancement of the halo (arrows).

Figure 6.  Diffuse autoimmune pancreatitis in a 77-year-old 
man. (a) Axial T2-weighted MR image shows enlargement of 
the pancreas, with absence of pancreatic clefts and a sharp out-
line (sausagelike appearance). (b) Axial contrast-enhanced arte-
rial phase T1-weighted MR image shows intense parenchymal 
enhancement with a surrounding hypointense halo (arrows). 
(c) Axial contrast-enhanced T1-weighted MR image obtained 
3 minutes after contrast material administration shows late en-
hancement of the pseudocapsule due to its fibrotic content; this 
area is now nearly indistinguishable from the adjacent pancre-
atic parenchyma (arrows).

(39). In contrast, pancreatic carcinoma tends to 
produce abrupt obstruction of the main pancre-
atic duct, a rare event in patients with autoim-
mune pancreatitis. This is because, in pancre-
atic carcinoma, the tumor starts in the ductal 
epithelium and produces early obstruction, 

be demonstrated at endoscopic retrograde 
cholangiopancreatography (ERCP) and MR 
cholangiopancreatography (Fig 7). Penetration 
of the pancreatic duct through the mass (“duct-
penetrating sign”) is a highly specific finding for 
benign strictures that is frequently encountered 
in patients with autoimmune pancreatitis but is 
not seen in those with pancreatic cancer (42). 
In addition, a smooth, tapered narrowing of the 
upstream pancreatic duct just distal to the pan-
creatic lesion (“ice pick sign”) is frequently seen 
in patients with autoimmune pancreatitis (Fig 7) 
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Figure 7.  Focal autoimmune pancreatitis in a 47-year-old man. (a) Axial T2-weighted MR image shows well-demarcated focal 
enlargement with a mildly hyperintense appearance in the pancreatic isthmus (arrows), a finding that reflects an edematous compo-
nent. (b) Axial T2-weighted MR image obtained at a higher level shows mild dilatation of the upstream pancreatic duct (arrowheads). 
(c) On an axial diffusion-weighted 3-T MR image (b = 800 sec/mm2), the lesion (arrow) is hyperintense relative to the pancreatic 
parenchyma because of inflammation. (d) Coronal MR cholangiopancreatographic image shows stenosis in the affected segment 
of the main pancreatic duct (arrows), with upstream dilatation (arrowheads). Note the smooth, tapered narrowing of the upstream 
pancreatic duct (ice pick sign).

whereas in autoimmune pancreatitis, the duct is 
extrinsically compressed by periductal fibrosis 
and inflammation (36,39). In cases of segmental 
narrowing, absent or mild upstream dilatation 
of the pancreatic duct helps distinguish between 
autoimmune pancreatitis and pancreatic cancer 
(43). Homogeneous enhancement after intrave-
nous contrast agent administration and lack of 
parenchymal atrophy also aid in differentiation.

Findings that are often seen in chronic alco-
holic pancreatitis, particularly pancreatic calci-
fications and pseudocyst formation, are rare in 
autoimmune pancreatitis (44). Severe peripancre-
atic stranding, a typical feature of acute pancre-
atitis, is also rare (Fig 4) (34).

IgG4-related autoimmune pancreatitis readily 
responds to oral steroid therapy, with marked 
improvement in pancreatic morphology and 
function seen within 4–6 weeks (Fig 4). How-

ever, atrophy of the affected pancreatic segments 
is observed after treatment in about 15% of pa-
tients, suggesting the burnout of inflammation, 
a late phase of the disease (45). Although some 
cases of synchronous autoimmune pancreatitis 
and pancreatic carcinoma have been reported, 
to our knowledge there are no data to support 
the contention that this IgG4-related disease 
increases risk for malignancy (46).

IgG4-related  
Sclerosing Cholangitis

Aside from the pancreas, the bile ducts are the 
most commonly involved organ in IgG4-related 
disease; about 60%–80% of patients with type 1 
autoimmune pancreatitis have involvement of the 
hepatobiliary tract. However, IgG4-related scleros-
ing cholangitis can also occur without pancreatic 
involvement, making accurate diagnosis in these 
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Figure 8.  IgG4-related sclerosing cholangitis in a 71-year-old man with autoimmune pancreatitis. (a) Axial T2-
weighted MR image shows diffuse dilatation of the intrahepatic biliary ducts (arrows). (b) Axial T2-weighted MR image 
obtained at a lower level shows mild wall thickening of the CBD (arrows). Note also the hyperintensity of the pancreatic 
tail (arrowheads) due to coexistent autoimmune pancreatitis. (c) ERCP image shows multiple strictures in the intrahe-
patic bile ducts with prestenotic dilatation, along with a single stricture in the proximal common hepatic duct (arrow). 
(d) Coronal MR cholangiopancreatographic image obtained 1 year later after steroid treatment shows persistent nar-
rowing of the intrahepatic bile ducts (arrow) but resolution of the CBD dilatation.

patients particularly difficult (47,48). Both the 
intrahepatic and extrahepatic segments can be 
affected, producing dense bile duct infiltration by 
IgG4-positive plasma cells and extensive fibrosis. 
The result is focal or diffuse bile duct wall thicken-
ing, mostly associated with stenosis and upstream 
dilatation, findings that are readily depicted at 
ERCP and MR cholangiopancreatography (Fig 8) 
(49). The most commonly involved segment is the 
intrapancreatic portion of the CBD, since most 
cases of IgG4-related sclerosing cholangitis are 
associated with autoimmune pancreatitis. In these 
patients, the stenosis affecting the lower CBD is 
due to duct wall thickening and the effect of in-
flammation and/or edema of the pancreas (50).

The main differential diagnosis to be con-
sidered in patients with IgG4-related sclerosing 
cholangitis is primary sclerosing cholangitis. 
Primary sclerosing cholangitis occurs in younger 
patients, is associated with inflammatory bowel 
disease, and is less acute with longer duration of 
symptoms. IgG4-related sclerosing cholangitis 

affects older patients, is frequently accompanied 
by pancreatic or extrapancreatic lesions, may 
include obstructive jaundice, and often resolves 
with steroid therapy (48,51). At ERCP, multifo-
cal and short intrahepatic biliary strictures with 
beaded or “pruned-tree” lesions are character-
istic of primary sclerosing cholangitis, whereas 
long and continuous strictures are typically seen 
in patients with IgG4-related sclerosing cholan-
gitis. Isolated strictures of the distal CBD may 
occur (52). Differentiation from cholangiocarci-
noma may be difficult, especially in the presence 
of a soft-tissue mass that produces stenosis of 
the hilar hepatic bile duct. In such cases, tumor 
infiltration is confined to the bile ducts, whereas 
in IgG4-related sclerosing cholangitis, luminar 
irregularities and stenosis involve both the bili-
ary and pancreatic ducts. In addition, cholan-
giocarcinoma may produce hepatic capsular 
retraction due to desmoplastic growth (24).

In IgG4-related sclerosing cholangitis, CT 
and MR imaging depict a circular and sym-
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metric rind of tissue encasing the bile duct wall, 
with relatively smooth margins and homoge-
neous enhancement in the delayed phase (Fig 
8). These characteristic features are recognized 
not only in stenotic areas but also in areas with-
out stenosis that appear normal at cholangiogra-
phy (53). Gallbladder involvement occasionally 
occurs, appearing as diffuse wall thickening with 
decreased echogenicity at US and low signal 
intensity at T2-weighted MR imaging, with late 
intravenous contrast enhancement (54).

The disease usually demonstrates a favor-
able response to corticosteroid therapy, but 
it is strongly recommended that steroid trials 
be avoided and that the diagnosis be initially 
confirmed by obtaining biopsy specimens prior 
to initiating steroid treatment, since some 
malignant lesions may improve after treatment 
(49). Relapses may occur in some patients, even 
while they are undergoing maintenance cortico-
steroid therapy.

Salivary and  
Lacrimal Gland Involvement

Nearly 40% of patients with IgG4-related 
pancreatitis also have salivary and/or lacrimal 
gland involvement, which is characterized by 
bilateral and painless swelling of the glands (55). 
This manifestation may precede or accompany 
pancreatitis, but it may also occur in isolation. 
Patients present with either enlargement of the 
lacrimal and salivary glands (an entity previ-
ously known as Mikulicz disease) or chronic 
sclerosing sialadenitis of the submandibular 
glands (also known as Küttner tumor). In the 
past, both entities were erroneously viewed as 
subcategories of Sjögren syndrome; now, how-
ever, they are considered part of the spectrum of 
IgG4-related disease (56–58).

Mikulicz disease is an idiopathic condition 
that is characterized by painless bilateral swelling 
of the lacrimal, submandibular, sublingual, and 
parotid glands, with involvement of at least two 
of these glands needed to establish the diagnosis. 
Although both IgG4-related Mikulicz disease and 
Sjögren syndrome show glandular enlargement 
with lymphocytic infiltration, there are marked 
clinical and pathologic differences between the 
two entities (57). At CT, the lesions in Muku-
licz disease usually demonstrate homogeneous 
attenuation and enhancement (Fig 9). At MR 
imaging, they have relatively low signal intensity 
on T2-weighted images owing to fibrosis, and low 
signal intensity with homogeneous enhancement 
on T1-weighted images (59).

Küttner tumor is a relatively uncommon 
cause of salivary gland enlargement and was 
originally described as a “hard swelling” of one 

or both submandibular glands. The parotid 
gland may sometimes be involved. Küttner 
tumors are also referred to as IgG4-related sial-
adenitis owing to the typical histologic finding 
of markedly fibrous sclerotic lesions containing 
IgG4-positive plasma cells (56). Fibrosis tends 
to be more severe than in Mikulicz disease, but 
imaging findings are similar in both entities 
(14). With unilateral involvement, differentiation 
must be made from malignant salivary gland 
tumors, whereas with bilateral involvement, 
differentiation must be made from acute-phase 
Sjögren syndrome and lymphoma of the salivary 
gland (59).

Orbital Involvement
Patients with IgG4-related ophthalmic disease 
primarily show involvement of the lacrimal 
gland (Fig 10). This IgG4-related dacryoadeni-
tis is usually bilateral, and concurrent salivary 
gland enlargement (Mikulicz disease) is com-
mon. Histologic and serologic findings are simi-
lar to those in patients with sialadenitis. Some 
studies have found that IgG4-related chronic 
sclerosing dacryoadenitis may be a predisposing 
factor in the emergence of lymphoma (60). In 
addition, recent reports suggest that a substan-
tial proportion of idiopathic orbital inflamma-
tions—also called orbital pseudotumors—are 
associated with IgG4-related disease (61). These 
orbital lesions may be unilateral or bilateral 
and can affect either the entire orbit or selected 
components, including the extraocular muscles, 
lacrimal system, and optic nerves. Perineural 
spread of IgG4-related orbital pseudotumors 
has been reported, often involving branches of 
the trigeminal nerve. Therefore, careful evalua-
tion along the course of cranial nerves is man-
datory for the radiologist when evaluating this 
entity (62,63). At CT, orbital pseudotumors 
show soft-tissue attenuation and homogeneous 
enhancement. At MR imaging, these pseudotu-
mors demonstrate low signal intensity relative to 
brain on T2-weighted images (Fig 11) and tend 
to appear hyperintense on diffusion-weighted 
images because of fibrosis (64).

IgG4-related Thyroiditis
Two forms of thyroid involvement in IgG4-
related disease have been described: Riedel 
thyroiditis and the fibrous variant of Hashimoto 
thyroiditis. Riedel thyroiditis is a rare form of 
chronic inflammatory process with extensive 
fibrosis, resulting in a rock-hard painless mass 
that involves the thyroid parenchyma and sur-
rounding tissues. It is considered to be an IgG4-
related thyroiditis, and one-third of patients also 
have fibrosclerosis in other organs (10,14). CT 
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Figure 9.  IgG4-related sialadenitis in a 33-year-old man. (a, b) Axial intravenous contrast-enhanced CT images (a ob-
tained at a higher level than b) show swelling of the parotid glands with homogeneous enhancement (arrows). (c) FDG 
PET/CT images show increased uptake in the parotid and submandibular glands (arrows). Biopsy of a parotid gland revealed 
dense lymphoplasmacytic infiltrate with abundant IgG4-positive plasma cells. (Case courtesy of José Antonio Narváez, MD, 
Barcelona, Spain.)
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Figure 10.  IgG4-related dacryoadenitis in a 37-year-old man. (a, b) Coronal T1-weighted MR images show swelling of the 
left lacrimal gland (arrows). (c) Axial T2-weighted MR image shows a mass (arrow) located external to the lateral rectus muscle 
with relatively low signal intensity due to fibrosis. (d) Photograph of the lacrimal gland (arrows) taken during surgical biopsy, 
the results of which confirmed IgG4-related dacryoadenitis. Histopathologic analysis demonstrated more than 100 IgG4-
positive plasma cells per high-power field. (Case courtesy of José Vicente P. Moreiras, MD, Santiago de Compostela, Spain.)

demonstrates either focal or diffuse low attenu-
ation of the thyroid, with minimal contrast en-
hancement relative to normal thyroid tissue (Fig 
12) (59). In a small number of patients with 
Hashimoto thyroiditis, histologic features may 
be indistinguishable from those of IgG4-related 
disease (65). Steroid therapy for Riedel disease 
often results in marked reduction of the thyroid 
mass (Fig 12).

IgG4-related Renal Disease
Renal involvement may be present in up to 
35% of patients with autoimmune pancreati-
tis (66,67). Five patterns of disease have been 
described: bilateral round or wedge-shaped 
peripheral cortical lesions (the most common) 
(Fig 13), diffuse patchy involvement (Fig 14), 
a rim of soft tissue around the kidney, bilat-
eral nodules in the renal sinuses, and diffuse 
wall thickening of the renal pelvis (66). Biopsy 
usually reveals tubulointerstitial nephritis with 
fibrosis and abundant IgG4-positive plasma cell 

infiltration. When the disease appears as mul-
tiple round or wedge-shaped cortical nodules, 
the differential diagnosis includes pyelonephri-
tis, vascular insult, metastases, and lymphoma. 
In rare cases, when the disease manifests as a 
solitary round lesion, differentiation from renal 
cell carcinoma may be difficult. The presence of 
renal lesions in patients with pancreatic disease 
has been used to help differentiate autoimmune 
pancreatitis from pancreatic cancer, since their 
presence strongly suggests the former condition 
(67). Patients with IgG4-related nephritis have 
no hematuria and usually improve after under-
going corticosteroid therapy (66).

Renal lesions in IgG4-related disease are usu-
ally not visible at nonenhanced CT. After contrast 
material administration, they appear hypoattenuat-
ing relative to the normal renal cortex during the 
arterial phase, becoming isoattenuating relative to 
the surrounding parenchyma during later phases. 
At MR imaging, the lesions demonstrate low signal 
intensity on both T1- and T2-weighted images, 
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Figure 11.  IgG4-related orbital pseudotumor in a 45-year-old woman. (a, b) Axial T2-weighted MR images 
show an intraconal mass lesion (arrows in a) surrounding the left optic nerve (arrowheads in b) and produc-
ing proptosis. (c) Coronal T2-weighted MR image reveals that the mass encases the optic nerve (arrow) and is 
hypointense relative to brain because of fibrosis. Surgery was performed, and histopathologic analysis revealed 
a lymphoplasmacytic infiltrate with an IgG4-positive to IgG-positive ratio of greater than 40%. (Case courtesy of 
José Vicente P. Moreiras, MD, Santiago de Compostela, Spain.)

with mild enhancement on T1-weighted images 
after contrast material administration (66,68).

IgG4-related  
Lymphadenopathy

Concomitant lymphadenopathy is often found in 
patients with IgG4-related disease. It sometimes 
represents the initial manifestation of the disease, 
but it is usually discovered at imaging of patients 
with known IgG4-related disease. Hamano et al 
(55) reported hilar lymphadenopathy in 80% of 
patients with autoimmune pancreatitis (Fig 15). 
Other commonly involved lymph nodes include 
mediastinal (Fig 15), axillary, cervical, and intra
abdominal nodes. When the lymphadenopathy is 
generalized, the differential diagnosis includes 
lymphoma, Castleman disease, and disseminated 
malignancy. In contrast, the lymph nodes in IgG4-
related disease tend to be small (<2 cm), and 
patients experience no fever or weight loss. His-
tologic features in these patients differ from those 
in patients with extranodal disease in that there is 
usually no sclerosis or phlebitis (4,22).

IgG4-related  
Retroperitoneal Fibrosis

Retroperitoneal fibrosis is a chronic inflammatory 
condition that may have many underlying causes, 
including infection, radiation therapy, drugs, ma-
lignant tumor, and trauma. At presentation, about 
20% of patients with autoimmune pancreatitis have 
retroperitoneal fibrosis, which is characterized by 
abundant IgG4-positive plasma cell infiltration seen 
in biopsy specimens (69). At cross-sectional imag-
ing, IgG4-related retroperitoneal fibrosis appears as 
a soft-tissue mass that covers the abdominal aorta 
and its branches or entraps the ureters, producing 
hydronephrosis and hydroureter. Periaortic lesions, 
also known as IgG4-related periaortitis (Fig 14), 
are nonstenotic masses with irregular margins that 
show homogeneous late contrast enhancement at 
CT and may be associated with aortic dilatation 
(70, 71). Kasashima et al (72) reported that 57% 
of inflammatory abdominal aortic aneurysms are 
in fact a manifestation of IgG4-related disease. 
Lymphoma, large-vessel vasculitis, syphilis, and 
sarcoidosis-induced aortitis should also be included 
in the differential diagnosis.
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Figure 12.  IgG4-related thyroiditis (Riedel thyroiditis) in a 45-year-old woman. (a) Transverse US image shows a large het-
erogeneous mass in the right lobe of the thyroid (arrows). (b, c) Axial contrast-enhanced CT images reveal that the mass (ar-
rows) has ill-defined margins and encases the right carotid and subclavian arteries. (d) Coronal contrast-enhanced CT image 
better demonstrates the extension of the mass into the mediastinum (arrows). (e) Coronal fused FDG PET/CT image shows 
high uptake in the mass (arrow). (f) On a coronal fused FDG PET/CT image obtained after only 3 months of steroid therapy, 
the mass (arrow) shows a marked response to treatment, with a decrease in volume and radiotracer accumulation.

IgG4-related  
Sclerosing Mesenteritis

Sclerosing (or retractile) mesenteritis is a rare 
chronic disorder that leads to localized or diffuse 
fibrosis and inflammation of the small bowel mes-
entery. Although its physiopathology remains un-

known, sclerosing mesenteritis is often associated 
with other fibroinflammatory disorders, including 
autoimmune pancreatitis, sclerosing cholangitis, 
and retroperitoneal fibrosis. Recently, Kerdsiri-
chairat et al (73) reported that up to 61% of cases 
of sclerosing mesenteritis showed histopathologic 
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Figure 14.  IgG4-related renal disease (diffuse type) in a 76-year-old man. Axial contrast-enhanced corticomedullary phase CT 
images show enlargement of both kidneys produced by diffuse low-attenuation areas (arrows). Note the small periaortic mass (ar-
rowhead in b), a finding that represents IgG4-related retroperitoneal fibrosis. (Case courtesy of Eva Castañer, MD, Barcelona, Spain.)

Figure 13.  IgG4-related renal disease (multifocal type) in a 78-year-old man with autoimmune pancreatitis. (a) Coronal CT image 
shows swelling of the pancreatic head (arrow), with extrahepatic bile duct dilatation (arrowhead). (b–d) Axial (b, c) and coronal (d) 
contrast-enhanced corticomedullary phase CT images show multiple well-defined, wedge-shaped, low-attenuation lesions in both 
kidneys (arrows). Histopathologic analysis demonstrated tubulointerstitial nephritis. (Case courtesy of Filipe Caseiro, PhD, Coimbra, 
Portugal.)
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Figure 15.  IgG4-related thoracic lymphadenopathy in two different patients. (a, b) Axial contrast-enhanced CT images in a 
72-year-old man with autoimmune pancreatitis show an increased number of relatively small, relatively low-attenuation, conflu-
ent mediastinal and hilar lymph nodes (arrows). (c, d) Axial contrast-enhanced CT images in a 33-year-old man (same patient 
as in Figure 9) show multiple enlarged mediastinal lymph nodes and a well-defined anterior mediastinal mass (arrows). The 
sialadenitis and mediastinal involvement resolved completely after corticosteroid therapy. (Figs 15c and 15d courtesy of José 
Antonio Narváez, MD, Barcelona, Spain.)

features of IgG4-related disease such as lympho-
plasmacytic infiltration, fibrosis, and obliterative 
phlebitis. At imaging, sclerosing mesenteritis ap-
pears as a soft-tissue mass enveloping the mesen-
teric vessels, mimicking other mesenteric processes 
such as lymphoma, carcinoid tumor, and carcino-
matosis. A useful CT finding that helps differenti-
ate IgG4-related mesenteritis from these entities is 
preservation of fat around the mesenteric vessels, 
a phenomenon that is referred to as the “fat ring 
sign” (Fig 16) (73). Partial or complete obstruc-
tion of the small intestine may occur.

IgG4-related  
Lung and Pleural Disease

Hirano et al (74) found lung involvement in 13% 
of patients with autoimmune pancreatitis. Four 
major types of IgG4-related pulmonary disease 
have been defined: (a) a type characterized by 
solid nodular or masslike lesions, (b) a type char-

acterized by round ground-glass opacities, (c) al-
veolar interstitial disease, and (d) bronchovascular 
disease (75). Small nodules and masslike lesions 
may frequently be misdiagnosed as lung cancer 
(Fig 17). Occasionally, the histologic diagnosis is 
inflammatory pseudotumor. Some inflammatory 
pseudotumors of the lung belong to the spectrum 
of IgG4-related disease, with lymphoplasmacytic 
infiltration, fibrosis, obstructive phlebitis, and 
IgG4-positive plasma cell infiltration (76). When 
IgG4-related lung disease appears as a round 
ground-glass opacity at CT, imaging findings may 
suggest bronchoalveolar carcinoma. The alveolar 
interstitial pattern, a mixture of ground-glass and 
honeycombing components, must be differenti-
ated from nonspecific interstitial pneumonia. In 
bronchovascular IgG4-related pulmonary disease, 
thickening of interlobular septa, combined with 
frequently associated enlargement of hilar and/or 
mediastinal lymph nodes, may resemble sarcoidosis 
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Figure 16.  IgG4-related sclerosing mesenteritis in a 52-year-old man. (a) Axial CT image shows an ill-
defined soft-tissue mass in the mesentery, with a preserved halo of fat around the superior mesenteric 
artery (fat ring sign) (arrows). (b) Coronal CT image better demonstrates the extension of the mass, with 
infiltration and retraction of the duodenum (arrows). (c) Follow-up coronal CT image obtained 9 months 
later after steroid therapy shows complete resolution of the mass (arrows).

(75). Visceral or parietal pleural thickening has 
been reported, sometimes involving the subpleural 
lung parenchyma (Fig 18) (76).

IgG4-related lung disease may manifest with or 
without involvement of other organs. Patients may 
be asymptomatic or may present with cough, dys-
pnea, hemoptysis, chest pain, or respiratory failure. 
Steroid therapy should improve the clinical symp-
toms as well as the radiologic abnormalities.

Other Organ Involvement
Rare cases of involvement of the gastrointestinal 
tract by IgG4-related disease, causing gastric 
wall thickening and ulcer formation, have been 
reported (77). A few cases of histologically 
proved IgG4-related prostatitis have also been 
reported, with patients demonstrating an en-
larged prostate and obstructive urinary symp-
toms. Pathologic characteristics include chronic 
inflammatory cell infiltration with an increased 
number of IgG4-positive plasma cells, accompa-

nying glandular atrophy, and fibrosis. Other rare 
manifestations that share imaging and histologic 
characteristics with IgG4-related disease have 
been described in the testicles, breasts, pituitary 
gland, and meninges (24).

Conclusion
IgG4-related disease is a relatively recently estab-
lished systemic disease that produces organ infil-
tration by fibroinflammatory tissue and sometimes 
mimics other inflammatory or neoplastic pro-
cesses. This condition comprises a large number 
of medical disorders previously considered to be 
confined to single-organ systems. The pancreas 
is most commonly involved, but the list of extra-
pancreatic manifestations is continually growing. 
Radiologists must be familiar with this disorder 
because patients usually demonstrate a marked 
response to corticosteroid therapy, and timely 
recognition may help avoid delays in diagnosis and 
unnecessary invasive procedures.
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Figure 18.  IgG4-related pleural disease in a 45-year-old woman. (a) Axial nonenhanced CT image shows a small 
pleural-subpleural lesion (arrow in a and b). (b) Axial CT image obtained during percutaneous biopsy, which demon-
strated a lymphoplasmacytic infiltrate suggestive of IgG4-related disease.

Figure 17.  IgG4-related lung disease in a 76-year-old man. The patient presented with no symptoms but had an elevated serum 
IgG4 concentration (856 mg/dL) and imaging findings of renal involvement (cf Fig 14). (a) Axial contrast-enhanced CT image shows 
mediastinal and left hilar lymphadenopathy (arrows) and a paraaortic mass (arrowheads). (b, c) Axial CT images obtained at different 
levels reveal peripheral septal thickening in the right upper lobe and a small area of subpleural airspace disease (arrows in b–d). A pre-
sumptive diagnosis of IgG4-related disease was made, and corticosteroid therapy was administered. (d) On a posttreatment axial CT 
image, all lesions have diminished, including the paraaortic mass (arrowhead). (Case courtesy of Eva Castañer, MD, Barcelona, Spain.)



18  November-December 2015	 radiographics.rsna.org

Acknowledgments.—The authors thank the reviewers 
and editors for their excellent work.

References
	 1.	Hamano H, Kawa S, Horiuchi A, et al. High serum IgG4 

concentrations in patients with sclerosing pancreatitis. N 
Engl J Med 2001;344(10):732–738.

	 2.	Kamisawa T, Funata N, Hayashi Y, et al. A new clinico-
pathological entity of IgG4-related autoimmune disease. J 
Gastroenterol 2003;38(10):982–984.

	 3.	Zen Y, Harada K, Sasaki M, et al. IgG4-related sclerosing chol-
angitis with and without hepatic inflammatory pseudotumor, 
and sclerosing pancreatitis-associated sclerosing cholangitis: 
do they belong to a spectrum of sclerosing pancreatitis? Am 
J Surg Pathol 2004;28(9):1193–1203.

	 4.	Cheuk W, Yuen HK, Chu SY, Chiu EK, Lam LK, Chan 
JK. Lymphadenopathy of IgG4-related sclerosing disease. 
Am J Surg Pathol 2008;32(5):671–681.

	 5.	Zen Y, Onodera M, Inoue D, et al. Retroperitoneal fibrosis: 
a clinicopathologic study with respect to immunoglobulin 
G4. Am J Surg Pathol 2009;33(12):1833–1839.

	 6.	Chen TS, Montgomery EA. Are tumefactive lesions classified 
as sclerosing mesenteritis a subset of IgG4-related sclerosing 
disorders? J Clin Pathol 2008;61(10):1093–1097.

	 7.	Khalili K, Doyle DJ, Chawla TP, Hanbidge AE. Renal 
lesions in autoimmune pancreatitis aid the differentiation 
from pancreatic adenocarcinoma. Pancreas 2009;38(7): 
833–834.

	 8.	Taniguchi T, Ko M, Seko S, et al. Interstitial pneumonia 
associated with autoimmune pancreatitis. Gut 2004;53(5): 
770–771.

	 9.	Kitagawa S, Zen Y, Harada K, et al. Abundant IgG4-
positive plasma cell infiltration characterizes chronic scle-
rosing sialadenitis (Küttner’s tumor). Am J Surg Pathol 
2005;29(6):783–791.

10.		Hennessey JV. Riedel’s thyroiditis: a clinical review. J Clin 
Endocrinol Metab 2011;96(10):3031–3041.

11.		Kamisawa T, Okamoto A. IgG4-related sclerosing disease. 
World J Gastroenterol 2008;14(25):3948–3955.

12.		Tanabe T, Tsushima K, Yasuo M, et al. IgG4-associated 
multifocal systemic fibrosis complicating sclerosing sial-
adenitis, hypophysitis, and retroperitoneal fibrosis, but 
lacking pancreatic involvement. Intern Med 2006;45(21): 
1243–1247.

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

14.		Umehara H, Okazaki K, Masaki Y, et al. A novel clinical 
entity, IgG4-related disease (IgG4RD): general concept and 
details. Mod Rheumatol 2012;22(1):1–14.

15.		Stone JH, Zen Y, Deshpande V. IgG4-related disease. N 
Engl J Med 2012;366(6):539–551.

16.		Zen Y, Nakanuma Y. Pathogenesis of IgG4-related disease. 
Curr Opin Rheumatol 2011;23(1):114–118.

17.		Umehara H, Okazaki K, Masaki Y, et al. Comprehensive 
diagnostic criteria for IgG4-related disease (IgG4-RD), 2011. 
Mod Rheumatol 2012;22(1):21–30.

18.		Deshpande V, Zen Y, Chan JK, et al. Consensus statement 
on the pathology of IgG4-related disease. Mod Pathol 
2012;25(9):1181–1192.

19.		Zen Y, Nakanuma Y. IgG4-related disease: a cross-sectional 
study of 114 cases. Am J Surg Pathol 2010;34(12):1812–1819.

20.		Aalberse RC, Stapel SO, Schuurman J, Rispens T. Im-
munoglobulin G4: an odd antibody. Clin Exp Allergy 
2009;39(4):469–477.

21.		Sah RP, Chari ST. Serologic issues in IgG4-related systemic 
disease and autoimmune pancreatitis. Curr Opin Rheumatol 
2011;23(1):108–113.

22.		Cheuk W, Chan JK. IgG4-related sclerosing disease: a critical 
appraisal of an evolving clinicopathologic entity. Adv Anat 
Pathol 2010;17(5):303–332.

23.		Okazaki K, Uchida K, Koyabu M, Miyoshi H, Takaoka M. 
Recent advances in the concept and diagnosis of autoim-
mune pancreatitis and IgG4-related disease. J Gastroenterol 
2011;46(3):277–288.

24.		Horger M, Lamprecht HG, Bares R, et al. Systemic IgG4-
related sclerosing disease: spectrum of imaging findings 
and differential diagnosis. AJR Am J Roentgenol 2012;199 
(3):W276–W282.

25.		Kamisawa T, Okamoto A. Autoimmune pancreatitis: pro-
posal of IgG4-related sclerosing disease. J Gastroenterol 
2006;41(7):613–625.

26.		Nishimori I, Tamakoshi A, Otsuki M; Research Committee 
on Intractable Diseases of the Pancreas, Ministry of Health, 
Labour, and Welfare of Japan. Prevalence of autoimmune 
pancreatitis in Japan from a nationwide survey in 2002. J 
Gastroenterol 2007;42(suppl 18):6–8.

27.		Kawamoto S, Siegelman SS, Hruban RH, Fishman EK. 
Lymphoplasmacytic sclerosing pancreatitis (autoimmune 
pancreatitis): evaluation with multidetector CT. RadioGraph-
ics 2008;28(1):157–170.

28.		Abraham SC, Wilentz RE, Yeo CJ, et al. Pancreaticoduo-
denectomy (Whipple resections) in patients without malig-
nancy: are they all “chronic pancreatitis”? Am J Surg Pathol 
2003;27(1):110–120.

29.		Otsuki M. Chronic pancreatitis: the problems of diagnostic 
criteria. Pancreatology 2004;4(1):28–41.

30.		Okazaki K, Kawa S, Kamisawa T, et al. Clinical diagnostic 
criteria of autoimmune pancreatitis: revised proposal. J 
Gastroenterol 2006;41(7):626–631.

31.		Chari ST. Diagnosis of autoimmune pancreatitis using its 
five cardinal features: introducing the Mayo Clinic’s HISORt 
criteria. J Gastroenterol 2007;42(suppl 18):39–41.

32.		Kim KP, Kim MH, Kim JC, Lee SS, Seo DW, Lee SK. 
Diagnostic criteria for autoimmune chronic pancreatitis 
revisited. World J Gastroenterol 2006;12(16):2487–2496.

33.		Shimosegawa T, Chari ST, Frulloni L, et al. International 
consensus diagnostic criteria for autoimmune pancreatitis: 
guidelines of the International Association of Pancreatology. 
Pancreas 2011;40(3):352–358.

34.		Sahani DV, Kalva SP, Farrell J, et al. Autoimmune pancre-
atitis: imaging features. Radiology 2004;233(2):345–352.

35.		Yang DH, Kim KW, Kim TK, et al. Autoimmune pancre-
atitis: radiologic findings in 20 patients. Abdom Imaging 
2006;31(1):94–102.

36.		Muhi A, Ichikawa T, Motosugi U, et al. Mass-forming 
autoimmune pancreatitis and pancreatic carcinoma: dif-
ferential diagnosis on the basis of computed tomography 
and magnetic resonance cholangiopancreatography, and 
diffusion-weighted imaging findings. J Magn Reson Imaging 
2012;35(4):827–836.

37.		Suzuki K, Itoh S, Nagasaka T, Ogawa H, Ota T, Naganawa 
S. CT findings in autoimmune pancreatitis: assessment using 
multiphase contrast-enhanced multisection CT. Clin Radiol 
2010;65(9):735–743.

38.		Ishigami K, Tajima T, Nishie A, et al. MRI findings of pancre-
atic lymphoma and autoimmune pancreatitis: a comparative 
study. Eur J Radiol 2010;74(3):e22–e28.

39.		Kim HJ, Kim YK, Jeong WK, Lee WJ, Choi D. Pancreatic 
duct “icicle sign” on MRI for distinguishing autoimmune 
pancreatitis from pancreatic ductal adenocarcinoma in the 
proximal pancreas. Eur Radiol 2015;25(6):1551–1560.

40.		Hirota M, Tsuda M, Tsuji Y, et al. Perfusion computed 
tomography findings of autoimmune pancreatitis. Pancreas 
2011;40(8):1295–1301.

41.		Kamisawa T, Takuma K, Anjiki H, et al. Differentiation 
of autoimmune pancreatitis from pancreatic cancer by 
diffusion-weighted MRI. Am J Gastroenterol 2010;105(8): 
1870–1875.

42.		Ichikawa T, Sou H, Araki T, et al. Duct-penetrating sign 
at MRCP: usefulness for differentiating inflammatory 
pancreatic mass from pancreatic carcinomas. Radiology 
2001;221(1):107–116.

43.		Kamisawa T, Egawa N, Nakajima H, Tsuruta K, Okamoto 
A, Kamata N. Clinical difficulties in the differentiation of 
autoimmune pancreatitis and pancreatic carcinoma. Am J 
Gastroenterol 2003;98(12):2694–2699.

44.		Shanbhogue AK, Fasih N, Surabhi VR, Doherty GP, Shan-
bhogue DK, Sethi SK. A clinical and radiologic review of 
uncommon types and causes of pancreatitis. RadioGraphics 
2009;29(4):1003–1026.



RG  •  Volume 35  Number 7	 Martínez-de-Alegría et al  19

45.		Sahani DV, Sainani NI, Deshpande V, Shaikh MS, Frinkelberg 
DL, Fernandez-del Castillo C. Autoimmune pancreatitis: 
disease evolution, staging, response assessment, and CT 
features that predict response to corticosteroid therapy. 
Radiology 2009;250(1):118–129.

46.		Witkiewicz AK, Kennedy EP, Kennyon L, Yeo CJ, Hruban 
RH. Synchronous autoimmune pancreatitis and infiltrating 
pancreatic ductal adenocarcinoma: case report and review 
of the literature. Hum Pathol 2008;39(10):1548–1551.

47.		Okazaki K, Yanagawa M, Mitsuyama T, Uchida K. Recent 
advances in the concept and pathogenesis of IgG4-related 
disease in the hepato-bilio-pancreatic system. Gut Liver 
2014;8(5):462–470.

48.		Kawa S, Hamano H, Umemura T, Kiyosawa K, Uehara T. 
Sclerosing cholangitis associated with autoimmune pancre-
atitis. Hepatol Res 2007;37(suppl 3):S487–S495.

49.		Ohara H, Okazaki K, Tsubouchi H, et al. Clinical diagnostic 
criteria of IgG4-related sclerosing cholangitis 2012. J Hepa-
tobiliary Pancreat Sci 2012;19(5):536–542.

50.		Hirano K, Tada M, Isayama H, et al. Endoscopic evaluation of 
factors contributing to intrapancreatic biliary stricture in auto-
immune pancreatitis. Gastrointest Endosc 2010;71(1):85–90.

51.		Kawa S, Okazaki K, Kamisawa T, Shimosegawa T, Tanaka 
M; Working Members of Research Committee for Intractable 
Pancreatic Disease and Japan Pancreas Society. Japanese 
consensus guidelines for management of autoimmune pan-
creatitis. II. Extrapancreatic lesions, differential diagnosis. J 
Gastroenterol 2010;45(4):355–369.

52.		Nakazawa T, Ohara H, Sano H, et al. Cholangiography 
can discriminate sclerosing cholangitis with autoimmune 
pancreatitis from primary sclerosing cholangitis. Gastrointest 
Endosc 2004;60(6):937–944.

53.		Itoh S, Nagasaka T, Suzuki K, Satake H, Ota T, Naganawa 
S. Lymphoplasmacytic sclerosing cholangitis: assessment 
of clinical, CT, and pathological findings. Clin Radiol 
2009;64(11):1104–1114.

54.		Vlachou PA, Khalili K, Jang HJ, Fischer S, Hirschfield GM, 
Kim TK. IgG4-related sclerosing disease: autoimmune pan-
creatitis and extrapancreatic manifestations. RadioGraphics 
2011;31(5):1379–1402.

55.		Hamano H, Arakura N, Muraki T, Ozaki Y, Kiyosawa K, 
Kawa S. Prevalence and distribution of extrapancreatic le-
sions complicating autoimmune pancreatitis. J Gastroenterol 
2006;41(12):1197–1205.

56.		Geyer JT, Ferry JA, Harris NL, et al. Chronic sclerosing 
sialadenitis (Küttner tumor) is an IgG4-associated disease. 
Am J Surg Pathol 2010;34(2):202–210.

57.		Masaki Y, Sugai S, Umehara H. IgG4-related diseases includ-
ing Mikulicz’s disease and sclerosing pancreatitis: diagnostic 
insights. J Rheumatol 2010;37(7):1380–1385.

58.		Himi T, Takano K, Yamamoto M, Naishiro Y, Takahashi 
H. A novel concept of Mikulicz’s disease as IgG4-related 
disease. Auris Nasus Larynx 2012;39(1):9–17.

59.		Fujita A, Sakai O, Chapman MN, Sugimoto H. IgG4-related 
disease of the head and neck: CT and MR imaging manifesta-
tions. RadioGraphics 2012;32(7):1945–1958.

60.		Cheuk W, Yuen HK, Chan AC, et al. Ocular adnexal lym-
phoma associated with IgG4+ chronic sclerosing dacryoad-
enitis: a previously undescribed complication of IgG4-related 
sclerosing disease. Am J Surg Pathol 2008;32(8):1159–1167.

61.		Wallace ZS, Khosroshahi A, Jakobiec FA, et al. IgG4-related 
systemic disease as a cause of “idiopathic” orbital inflam-
mation, including orbital myositis, and trigeminal nerve 
involvement. Surv Ophthalmol 2012;57(1):26–33.

62.		Watanabe T, Fujinaga Y, Kawakami S, et al. Infraorbital 
nerve swelling associated with autoimmune pancreatitis. Jpn 
J Radiol 2011;29(3):194–201.

63.		Inoue D, Zen Y, Sato Y, et al. IgG4-related perineural disease. 
Int J Rheumatol 2012;2012:401890.

64.		Katsura M, Morita A, Horiuchi H, Ohtomo K, Machida T. 
IgG4-related inflammatory pseudotumor of the trigeminal 
nerve: another component of IgG4-related sclerosing disease? 
AJNR Am J Neuroradiol 2011;32(8):E150–E152.

65.		Kakudo K, Li Y, Hirokawa M, Ozaki T. Diagnosis of Hashi-
moto’s thyroiditis and IgG4-related sclerosing disease. Pathol 
Int 2011;61(4):175–183.

66.		Takahashi N, Kawashima A, Fletcher JG, Chari ST. Renal 
involvement in patients with autoimmune pancreatitis: 
CT and MR imaging findings. Radiology 2007;242(3): 
791–801.

67.		Khalili K, Doyle DJ, Chawla TP, Hanbidge AE. Renal corti-
cal lesions in patients with autoimmune pancreatitis: a clue 
to differentiation from pancreatic malignancy. Eur J Radiol 
2008;67(2):329–335.

68.		Triantopoulou C, Malachias G, Maniatis P, Anastopoulos J, 
Siafas I, Papailiou J. Renal lesions associated with autoim-
mune pancreatitis: CT findings. Acta Radiol 2010;51(6): 
702–707.

69.		Fujinaga Y, Kadoya M, Kawa S, et al. Characteristic findings 
in images of extra-pancreatic lesions associated with autoim-
mune pancreatitis. Eur J Radiol 2010;76(2):228–238.

70.		Sohn JH, Byun JH, Yoon SE, et al. Abdominal extrapan-
creatic lesions associated with autoimmune pancreatitis: 
radiological findings and changes after therapy. Eur J Radiol 
2008;67(3):497–507.

71.		Inoue D, Zen Y, Abo H, et al. Immunoglobulin G4-related 
periaortitis and periarteritis: CT findings in 17 patients. 
Radiology 2011;261(2):625–633.

72.		Kasashima S, Zen Y, Kawashima A, Endo M, Matsumoto 
Y, Kasashima F. A new clinicopathological entity of IgG4-
related inflammatory abdominal aortic aneurysm. J Vasc Surg 
2009;49(5):1264–1271.

73.		Kerdsirichairat T, Mesa H, Abraham J, et al. Sclerosing 
mesenteritis and IgG4-related mesenteritis: case series and 
a systematic review of natural history and response to treat-
ments. Immunogastroenterology 2013;2(2):119–128.

74.		Hirano K, Kawabe T, Komatsu Y, et al. High-rate pulmo-
nary involvement in autoimmune pancreatitis. Intern Med 
J 2006;36(1):58–61.

75.		Inoue D, Zen Y, Abo H, et al. Immunoglobulin G4-related 
lung disease: CT findings with pathologic correlations. Ra-
diology 2009;251(1):260–270.

76.		Zen Y, Inoue D, Kitao A, et al. IgG4-related lung and pleural 
disease: a clinicopathologic study of 21 cases. Am J Surg 
Pathol 2009;33(12):1886–1893.

77.		Kim JH, Byun JH, Lee SS, Kim HJ, Lee MG. Atypical 
manifestations of IgG4-related sclerosing disease in the abdo-
men: imaging findings and pathologic correlations. AJR Am 
J Roentgenol 2013;200(1):102–112.

This journal-based SA-CME activity has been approved for AMA PRA Category 1 CreditTM. See www.rsna.org/education/search/RG.


