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Purpose of review

IgG4-related systemic disease is a recently proposed entity characterized by

high serum IgG4 concentrations, sclerosing inflammation containing numerous
IgG4-positive plasmacytes, dramatic responsiveness to steroid therapy, and
occurrence of multiple organs. This review described that some cases of inflammatory
abdominal aortic aneurysm (IAAA) have similar clinicopathological features that are now
considered to represent aortic lesions of lgG4-related systemic disease under the
concept of IgG4-related IAAA.

Recent findings

IgG4-related IAAA is characterized by high serum IgG4 and immunoglobulin E levels,
high titers of antinuclear antibodies, and high prevalence of allergic disorders such as
bronchial asthma. The patients show a risk of developing IgG4-related systemic
diseases in other organs during their life. Histologically, sclerosing inflammation
containing numerous IgG4-positive plasmacytes is observed predominantly in the
adventitia. Similar lesions have also been reported in the thoracic aorta and large
arteries.

Summary

Recognition of the fact that IgG4-related systemic disease could involve the
vascular lesions offers potential new management of those. However, only 3 years have
passed since the first report of IgG4-related IAAA. Further studies are necessary to
elucidate other vascular lesions associated with IgG4-related systemic disease, the

usefulness of steroid therapy for the management of IgG4-IAAA, and underlying
pathological and immunological characteristics.
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Introduction

Abdominal aortic aneurysm (AAA) is the most common
type of aneurysm, usually developing in adults older than
60 years. On rare occasions, AAA shows diffuse thicken-
ing of the aneurismal wall with extensive fibrous adhesion
to adjacent tissue. Since Walker er 4/. [1] first used the
term inflammatory AAA (IAAA) in 1972, detailed clin-
icopathological features have been reported [2-8].
Several theories have been proposed for the pathogenesis
of TAAA, but have yet to be completely confirmed
[3-5,7]. Sclerosing inflammation in the aortic wall some-
times extends into the retroperitoneal soft tissue, repre-
senting IAAA with retroperitoneal fibrosis [5-7].

In 2001, Hamano ez a/. [9] reported that patients with
autoimmune pancreatitis display high serum concen-
trations of IgG4. Autoimmune pancreatitis is patho-
logically characterized by diffuse lymphoplasmacytic
infiltration and fibrosis with parenchymal atrophy [9].
Immunostaining for IgG4 reveals numerous IgG4-
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positive plasma cells in the autoimmune pancreatitis.
Similar sclerosing diseases characterized by IgG4-
positive cell infiltration have since been identified in
extrapancreatic organs such as the bile duct, salivary
gland, lung, and retroperitoneum [10-14,15°16-18].
Given the close relationship between IgG4 and idio-
pathic sclerosing disease, a disease entity named [gG4-
related systemic disease (IgG4-SD) was proposed.

We recently published the first report to link IgG4-SD
with TAAA [19], followed by some reports on [gG4-SD
involvement in the cardiovascular system [20°°21-
26,27°,28,29]. Herein, we review the clinicopathological
features of TAAA in comparison with atherosclerotic
AAA (aAAA) and IgG4-SD.

Inflammatory abdominal aortic aneurysm

IAAA accounts for approximately 2—10% of all AAAs
[2,6,8]. Patients with IAAA are younger than patients with
aAAA [8]. Clinical symptoms are usually nonspecific,
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including dull abdominal or back pain, low-grade fever,
weight loss, and general fatigue [2,8]. Systemic inflamma-
tory markers, such as erythrocyte sedimentation rate,
C-reactive protein levels and white blood counts are
commonly elevated in IAAA [1,6]. Those features do
not facilitate differentiation between IAAA and infectious
aneurysms (from pathogens such as bacteria, fungi, syphilis
and tuberculosis) [2,3]. Blood cultures and serum procal-
citonin levels are helpful for making the differential diag-
nosis [30]. Other autoimmune diseases are occasionally
seen in patients with IAAA [20°°,21]. Elevated serum IgG
levels and the presence of autoantibodies such as anti-
nuclear antibody (ANA) are also frequent in IAAA patients
[31,32], suggesting the involvement of autoimmune mech-
anisms in the pathogensis [33]. Radiologically, IAAA is
characterized by aortic dilatation, periaortic mantle zone,
and adhesions to adjacent organs (Fig. 1) [6]. Positron
emission tomography and computed tomography (PET/
CT) is useful to detect inflammatory activity in the aneur-
ysmal wall [34].

A macroscopic appearance of white, glistening, periancur-
ysmal fibrosis is characteristic of IAAA [1-3]. Histopatho-
logically, extensive fibrosis with marked thickening of the
aortic wall and severe lymphoplasmacytic infiltration are
noted (Fig. 2). The sclerosing inflammation predomi-
nantly involves the adventitia with extension into adjacent
soft tissues [5,7]. Inflammatory cells and relevant neoves-
sels produce matrix metalloproteinases, which may play an
important role in aortic wall vulnerability [35]. Lymph
follicles are present in places associated with interfollicular
plasmacytosis, but monoclonality is never shown on
immunostaining or in-situ hybridization. Atherosclerotic
changes are also noted in the intima and media in [AAA, as
with aAAA.

Figure 1 Radiological features of inflammatory abdominal
aortic aneurysm. Computed tomography showing periaortic soft
tissue mantle in the abdominal aorta (arrow) of a patient with
IgG4-related inflammatory abdominal aortic aneurysm
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Figure 2 Histological features of IgG4-related inflammatory
abdominal aortic aneurysm

Fibrous thickening and severe inflammation with lymphoid follicles are
seen in the adventitia, extending into the periaortic adipose tissue.
Upper, hematoxylin and eosin, x20; lower, elastica van Gieson, x20.

Some authors have suggested that [AAA is simply a
variant of aAAA [3-5], whereas others have hypothesized
different etiopathogenic factors such as autoimmunity
with ceroid or lipid in atheromatous plaque as a potential
autoantigen, and infection with Chlamydia pneumoniae or

Helicobacter pylori [36—40].

IgG4-related systemic disease

IgG4 is the rarest subclass of IgG, accounting for only
3-6% of total IgG in normal populations [41]. IgG4 can
induce the migration of leukocytes, and does not bind to
complement [41]. High serum levels of [gG4 have been
reported in a limited number of diseases, including atopic
dermatitis, bronchial asthma, pemphigus vulgaris and
pemphigus foliacerus [42,43].

Patients with IgG4-SD share clinical characteristics irre-
spective of the organ of origin [9-14,15°,16—18]. These
individuals are usually senior adult with a male predo-
minance. 1gG4 is no doubt the most useful serological
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marker for the diagnosis. [gG4-SD exhibits tumorous
swelling of the affected organ, which usually shows
dramatic response to steroid therapy. Multiple synchro-
nous or metachronous lesions can be seen in different
organs. Histologically, the condition is characterized by
infiltration of diffuse inflammatory cells containing
numerous [gG4-positive plasmacytes, storiform fibrosis,
frequent eosinophilic infiltration, and obliterative phle-
bitis [10-14,15°%,16-18]. I[gG4-SD commonly develops in
organs with ductal or glandular complexes [8,9,13,14,18],
but this is not a consistent feature [12,15°,17].

Subclassification of inflammatory abdominal aortic
aneurysm: IgG4-related and IgG4-nonrelated

Our previous study revealed that a proportion of [AAA
could be estimated as aortic lesions of IgG4-SD based
on histological and serological characteristics (Fig. 3a)
[19]. The key issues are that not all IAAAs are related to
IgG4 and that IgG4-related cases are observed only in
[TAAA, notin aAAA. On the basis of these findings, [AAA
can be classified into, at least, two groups: [gG4-related
TAAA (IgG4-TAAA) and IgG4-nonrelated TAAA (non-
[gG4-TAAA). This classification offers a first step in
recognizing the heterogeneity of TAAA, but whether
non-IgG4-TIAAA is a single disease entity remains
unclear.

Pathological differences between IgG4-related and
IgG4-nonrelated inflammatory abdominal aortic
aneurysm

The degrees of inflammatory activity and fibrosis are
more severe in [gG4-IAAA, particularly with extensive
thickening of the adventitia in [gG4-IAAA [19,20°°,21].
The more important issue is that inflammatory activity
and fibrosis differ from case to case in IgG4-IAAA, with
some cases showing massive infiltration of lymphoplas-
macytes with numerous lymph follicles, and others exhi-
biting a predominantly fibrotic appearance with reduced
infiltration of inflammatory cells [19,20°%,21-24]. 1gG4-
IAAA is much more common in inflammatory cases.
Compared with non-IgG4-1AAA, 1gG4-IAAA is charac-
terized by frequent infiltration of eosinophils, lymphoid
follicle formation, obliterative phlebitis, and extension of
inflammation to perineural areas (Fig. 3b-d) [19,20°°,21].
Neutrophilic infiltration and thicker atherosclerotic
intima are more common in non-IgG4-IAAA [20°°],
which may indicate that non-IgG4-IAAA represents an
inflammatory variant of aAAA. Numerous diffuse IgG4-
positive plasma cells are seen in [gG4-IAAA (Fig. 3a), but
are scarce or only focally accumulated in non-IgG4-TAAA.

Clinical differences between IgG4-related and
IgG4-nonrelated inflammatory abdominal aortic
aneurysm

In our cohort, IgG4-IAAA made up about 50% of total
IAAAs and about 5% of total surgical AAAs [20°°]. Age,

gender, aneurysmal diameter and location did not differ
between IgG4-IAAA and non-IgG4-1AAA [20°°]. Whether
these two forms can be differentiated radiologically is an
important issue, but no published data are available to the
best of our knowledge. The incidence of rupture is less
frequent in patients with IgG4-IAAA compared with non-
related cases [20°°]. We have yet to see any patients with
[gG4-TAAA presenting with aneurysmal rupture, but one
such case was recently reported by Qian ez a/. [23].

Regarding risk factors and associated conditions, smoking
habit, hypertension, ischemic heart disease, diabetes and
hyperlipidemia are slightly less common in patients with
[gG4-IAAA compared with those with non-IgG4-IAAA
[20°°]. Allergic predisposition and history of autoimmune
diseases are more frequent in patients with IgG4-TAAA,
and more than 30% of patients have bronchial asthma
[20°°]. Some patients with IgG4-IAAA have a history of
other IgG4-SD, such as autoimmune pancreatitis [22,24]
and lymphadenitis [26].

Serum IgG4 elevation is obviously the most useful pre-
operative examination for diagnosing [gG4-IAAA. In our
experience, serum IgG4 levels normalize with a few
months postoperatively. White blood cell count and
C-reactive protein levels do not remain consistently
elevated in patients with IgG4-SD, but, interestingly,
are sometimes noted in [gG4-TAAA as in non-1gG4-1AAA
[19,20°°]. Other features more commonly seen in IgG4-
[AAA include elevated IgE levels and high titers (>320)
of ANA [20°°]. We now speculate that increased levels of
IgE, high titers of ANA, and a history of allergic disorders
may be clues to the diagnosis of IgG4-IAAA, which
should be finally established by IgG4 serology and histo-
logical examination in surgical cases.

Another important issue is how clinical management will
be changed by the discovery of I[gG4-IAAA. TAAA usually
shows tight fibrous adhesions to adjacent soft tissues,
complicating surgical procedures [2,3,6,8]. Indeed, post-
operative outcomes following IAAA are often poor,
with some cases showing fatal complications. Given
the dramatic response of 1gG4-SD to steroid treatment
[18], we would expect steroid therapy to be effective for
sclerosing inflammation around the aorta. However, such
therapy may increase the risk of aneurysmal rupture by
making the wall thinner and more fragile. In addition, care
must be taken to start steroid therapy if patients display
[gG4-SD in multiple organs including the aorta. Further
clinical studies are necessary to clarify this important issue.
We have experience with treating a patient presenting
with IgG4-TAAA and autoimmune pancreatitis using low-
dose steroids. That therapy reduced aneurysmal wall
thickness and pancreatic swelling, and improved obstruc-
tive jaundice. The diameter of the aortic ancurysm
remained unchanged after steroid therapy.
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Figure 3 Radiological features of inflammatory abdominal aortic aneurysm

(@) Immunostaining for IgG4 reveals numerous IgG4-positive plasma cells in the aneurysmal wall of IgG4-related inflammatory abdominal aortic
aneurysm (x200). IgG4-related inflammatory abdominal aortic aneurysm shows lymphoid follicle formation (b), obliterative phlebitis (c) and perineural

inflammatory extension (d) (all x50).

Other vascular lesions related to IgG4-related
systemic disease

Although inflammatory aneurysm is most common in the
abdominal aorta, the same pathology can rarely develop
in the thoracic aorta and large arteries. Indeed, [gG4-
related thoracic aortic inflammatory aneurysm was
reported just after the abdominal lesion was first reported
[25]. However, different from the abdominal aorta, IgG4-
related inflammatory thoracic aneurysms should differ-
entiate from other particular types of thoracic vascular
lesions, and vyield vague entity [44,45]. For example,
Takayasu aortitis is the prototype aortitic anecurysm with
thick aortic walls and diffuse lymphoplasmacytic infiltra-
tion [45]. Epithelioid granuloma, giant cells, and fibrinoid
necrosis, which are extremely rare in IgG4-SD, are useful
for differentiation from Takayasu aortitis [28]. Whether
Takayasu aortitis shows elevated serum IgG4 concen-
trations is still not completely elucidated. Aortic syphilis
is another differential diagnosis, because it is character-
ized by lymphoplasmacytic inflammation. Serological
examination for Treponema pallidum latex agglutination
would be useful. Aortic dissection also sometimes shows
adventitial thickening and periaortic fibrosis as a process
of wound healing.

The suggestion has been made that IgG4-SD in the
thoracic aorta have been diagnosed as inflammatory aortic
aneurysm or lymphoplasmacytic aortitis [26,27°,28].
Aortic dissection has also been reported as one manifes-
tation of IgG4-SD in the thoracic aorta [27°]. Our
previous study revealed that IgG4-related lesions com-
prised 4% of all surgical cases for thoracic aortic lesions,
with an almost equal frequency among surgical cases of
abdominal anecurysm [28]. Stone ez al. [27°] also reported
that IgG4-SD accounted for 75% of cases of lymphoplas-
macytic aortitis and 9% of all cases of noninfectious
thoracic aortitis. Frequent involvement of the aortic arch
and a saccular morphology were characteristic features
[28]. IgG4-related lesions in the thoracic aorta can
show characteristic morphological manifestations as the
abdominal ones. Ancurysmal dilatation is the predomi-
nant feature in some cases, whereas wall thickening with
severe inflammatory cell infiltration is more conspicuous
in others. These different morphological changes may
reflect different manifestations of similar pathological
processes. If the lamellar elastic fibers in the media are
disrupted by sclerosing inflammation, high blood pres-
sure may induce ancurysmal dilatation. More impor-
tantly, stricture or occlusive changes have not been
reported in IgG4-related aortic lesions [28].
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Figure 4 Comparison between classical aortitis (e.g. Takayasu aortitis, giant aortitis) and IgG4-related chronic periaortitis
(lymphoplasmacytic aortitis and inflammatory aneurysm) from the perspective of the predominant location of inflammation
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[gG4-SD can also involve arteries other than the aorta.
We have identified some cases of IgG4-related lesions
involving the superior mesenteric artery or right coronary
artery [29]. These lesions shared similar clinicopatholo-
gical characteristics to IgG4-SD, including IgG4-IAAA.
Interestingly, these cases showed the predominant fea-
ture of periarterial masses without significant dilatation.
Further studies are needed to clucidate the complete
picture of IgG4-related aortic/arterial lesions.

Chronic periaortitis

The disease entity ‘chronic periaortitis’ has been pro-
posed specifically for abdominal lesions [46]. This
encompasses retroperitoneal fibrosis, IAAA, and peria-
neurysmal retroperitoneal fibrosis, as a spectrum of a
single pathological process [46,47]. As mentioned above,
IgG4-related aortic lesions can manifest with different
morphological changes, with some displaying predomi-
nant aneurysmal dilatation and others showing severe
wall thickening with or without periaortic inflammatory
extension. ‘[gG4-related chronic periaortitis’ seems to
represent a good term to understand the morphological
variation of IgG4-related arterial lesions as well as peri-
aortic retroperitoneal/mediastinal fibrosis (Fig. 4) [19].

Pathogenesis of IgG4-related inflammatory
abdominal aortic aneurysm

The pathologic significance of elevated serum IgG4
levels and infiltration of numerous IgG4-positive plasma
cells into the aorta remains unclear. Given the histologi-
cal similarities between I[gG4-IAAA and IgG4-SD, a
common immunological process may be involved in
the pathogenesis. IAAA has been immunologically

characterized [48°,49], but simple application of these
characteristics to I[gG4-IAAA is difficult, as most previous
studies have examined IAAA as a single disease group.
Detailed pathological and immunological studies
restricted to [gG4-IAAA seem warranted. Examination
of whether the data on IgG4-SD in other organs would be
applicable to IgG4-IAAA is also important. T helper-
2cell-dominant immune reactions and possible involve-
ment of regulatory 'T' cells have been suggested to be
involved in the pathogenesis of IgG4-related pancreato-
cholangitis and sialadenitis [50,51].

Conclusion

[gG4-IAAA is a subtype of IAAA, and can be estimated as
one of the manifestations of [gG4-SD. IgG4-IAAA shares
clinicopathological characteristics with IgG4-SD in other
organs. Further studies are needed to elucidate the
complete clinical picture of [gG4-related vascular lesions,
clarify the utility of steroid therapy for the management
of IgG4-TAAA, and determine the underlying pathologi-
cal and immunological characteristics.
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