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Purpose of review

In last few years, there have been significant advances in our understanding of a newly
recognized condition known as IgG4-related systemic disease. This review will focus on
IgG4-related systemic disease as a cause of thoracic aortitis, inflammatory abdominal
aortic aneurysm or periaortitis, and retroperitoneal fibrosis.

A significant fraction of thoracic lymphoplasmacytic aortitis cases, about 40% of
inflammatory abdominal aortic aneurysms/abdominal periaortitis cases, and a portion of
retroperitoneal fibrosis cases are all caused by IgG4-related systemic disease.
Assessing pathologic specimens for the fraction of plasma cells that express IgG4 is

useful in identifying patients with this disorder. Recently reported data may indicate
IgG4-related aortic disease to be more common than widely realized.

IgG4-related systemic disease is a newly recognized disorder that may manifest as

thoracic aortitis, inflammatory abdominal aortic aneurysm or retroperitoneal fibrosis.
IgG4-related systemic disease should be considered in any patient found to have
aortitis or periaortitis. Further studies into diagnostic criteria, disease prevalence,
prognosis, therapeutic interventions, and differentiating possible localized
hypersensitivity reactions from systemic disease are areas of active investigation.
Criteria are presented for the pathologic diagnosis of IgG4-related aortitis.
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Introduction

Noninfectious thoracic aortitis, inflammatory abdominal
aortic aneurysms/abdominal periaortitis, and idiopathic
retroperitoneal fibrosis are all chronic inflammatory con-
ditions of diverse and often unclear cause. Recent work in
the last few years has revealed that for each of these
conditions, a fraction of the cases are in fact due to a
recently recognized systemic inflammatory condition
known as IgG4-related systemic disease (IgG4-RSD).
[gG4-RSD is characterized by elevated circulating levels
of IgG4 in the serum, and by the infiltration of organs
throughout the body by IgG4-expressing plasma cells
accompanied by fibrosis [1-3]. This disorder was first
recognized to involve the pancreas as auto-immune pan-
creatitis and is now known to involve diverse organs
including salivary glands, kidneys, lungs, thyroid, heart,
mediastinum, retroperitoneum, and aorta. This review
will focus on recent progress in identifying IgG4-RSD as
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ysm, and retroperitoneal fibrosis.

Noninfectious aortitis

Noninfectious aortitis refers to a group of inflammatory
disorders characterized by chronic inflammation within
the aortic wall, in which the inflammation is not thought
to be a result of infection [4,5]. Noninfectious aortitis is
most commonly observed in the thoracic aorta, particu-
larly the ascending aorta, and may result from well known
systemic rheumatologic disorders such as giant cell arter-
itis, Takayasu arteritis, rheumatoid arthritis, Cogan dis-
ease, ankylosing spondylitis, and Behcet’s discase [6—13].
However, in a large percentage of cases, the aortitis is
found unexpectedly upon pathologic examination of
aortic segments resected from patients undergoing repair
of thoracic aortic aneurysms or dissections. In many of
these cases, no obvious systemic rheumatologic condition
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is thought to be present. In such cases, the aortitis is
sometime referred to as ‘isolated’; indicating that the
clinically apparent manifestations of the vasculitis are
isolated to the segment of aorta that has been resected
[14—16]. However, the term ‘isolated aortitis’ is not a
precise pathologic entity, but rather a clinical subcate-
gorization of the level of systemic activity of a patient’s
vasculitis. Certainly, much effort is now being focused on
determining how to discern which patients with thoracic
aortitis will in fact show systemic manifestations. It is
becoming clear that some cases of aortitis that may have
been viewed previously as ‘isolated aortitis’ are in fact the
result of IgG4-RSD.

Thoracic aortitis and IgG4-related systemic
disease

Table 1 summarizes the six cases of thoracic aortitis due
to IgG4-related systemic disease reported thus far
[17°,18°,19,20°°,21°]. These cases all derived from surgi-
cal resections, and all six were published in 2009-2010.
Interestingly, all six patients were men in a relatively
narrow age range (65—74 years). The arch was the most
commonly involved site, being involved in five of the six
cases, with two of the six cases having involvement of the
ascending aorta, and only one case having involvement of
the descending aorta. Five of the six patients presented
with an aneurysm, whereas one presented with a
chronic dissection.

By histologic assessment, all six cases displayed a pro-
minent lymphoplasmacytic infiltrate, with a high percen-
tage of the plasma cells staining for IgG4 (74-89%). In
addition, at least five of the six patients showed an
obstructive phlebitis within the adventitia. However,
there was some variability in the location of the inflam-
mation within the aortic wall. In three cases (case 1, case
3, and case 5), there was a marked predominance for the
adventitia compared with the media and intima (Fig. 1).
However, in at least two of these three cases, the inflam-
mation did extend into the media of the aorta, indicating
the disorder to be a true aortitis and not just a periaortitis.

Table 1 Published cases of IlgG4-related thoracic aortitis
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Figure 1 IgG4-related thoracic aortitis, adventitia-predominant
pattern

Displayed is a low-power histologic image of a hematoxylin and eosin
stained section of the thoracic aorta from case 1 in Table 1. There is a
marked lymphoplasmacytic infiltrate with fibrosis, predominantly in the
adventitia. There is only mild atherosclerosis.

In at least two of these adventitia-predominant cases,
there was storiform fibrosis similar to that reported in
abdominal IgG4-related periaortitis and in the pancreas
in auto-immune pancreatitis. Interestingly, one of these
two patients, case 1, in fact, later developed abdominal
aortic and pancreatic involvement. In the other three
cases, the media was involved by the lymphoplasmacytic
infiltrate as much as or even more than the adventitia. In
at least two of these media-predominant cases, there was
no evidence of storiform fibrosis. All six cases lacked the

IgG4™ Serum

Aortic Aneurysm (size) Site of plasma cells IgG4
No. Age segment or dissection inflammation (fraction) (mg/dl)  Extra-aortic disease Reference
1 69 years  Ascending Aneurysm (4.3cm)  Ad>>Med 0.82 4160 Liver, pancreas, retroperitoneum,  [17°]

salivary glands, lymph nodes

2 65 years  Ascending Remote Med > Ad 0.74 1863 Lymph nodes [18°]

and arch Dissection
3 71 years  Arch Aneurysm (6.5cm)  Ad 0.84 [19]
4 71 years  Arch and Aneurysm (6.5cm)  Ad, Med 0.89 [20°°]

descending

5 67 years  Arch Aneurysm (4.2cm)  Ad>>Med 0.76 [21°]
6 74 years  Arch Aneurysm (7.0cm)  Ad, Med 0.86 [21°]

All six cases were men. Ad, adventitia; Med, media.
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granulomatous inflammation seen in the giant cell aorti-
tis, T'akayasu arteritis, and rheumatoid aortitis.

Follow-up was reported for two of the six cases (cases 1 and
2). Case 3 died shortly after surgery, and case 4 was
discharged and lost to follow-up. Serum IgG4 levels were
not reported in either of these latter two patients or for
cases 5 and 6. However, serum [gG4 levels were found to
be markedly elevated in cases 1 and 2. In addition, both of
these patients had documented extra-aortic involvement.
Case 1 showed progression to abdominal involvement
affecting the abdominal aorta, pancreas, and liver, as well
as salivary gland involvement. Case 2 had pathologically
documented involvement of thoracic lymph nodes. Both
patients showed partial response to prednisone, with sub-
sequently more complete response to rituximab [20°°,22].

Assessment of all thoracic aortitis cases in a 5-year time
span at one institution in Boston revealed that [gG4-
related systemic disease was responsible for three of four
cases of lymphoplasmacytic aortitis and 9% of all cases of
thoracic aortitis [20°°], indicating IgG4-RSD to be
roughly as frequent a cause of thoracic aortitis as more
traditional disorders such as systemic giant cell arteritis,
Takayasu arteritis, and rheumatoid arthritis [14,16]. In
that study, IgG4-related aortitis was present in 0.5% of all
thoracic aorta resections [20°°]. In a subsequent study
[21°] from Japan, assessment of 125 thoracic aorta resec-
tions revealed two cases of IgG4 aortitis/periaortitis,
indicating 1.6% of all resected thoracic aortas contained
IgG4-related aortitis, similar to the rate of 0.5% from the
earlier Boston study.

In the study [21°] from Japan, a similar degree of 1gG4
plasma cell staining was also observed in three cases of
atherosclerotic thoracic aortic aneurysms. These three
patients were asymptomatic, and had no evidence of
extra-aortic involvement by IgG4-RSD, but one had a
mildly elevated serum IgG4 level of 185mg/dl. The
authors in that study suggested labeling all five of these
patients as ‘lgG4-related thoracic aortic aneurysm’
regardless of whether the overall pathology was indicative
of an aortitis or atherosclerosis. At present it is not clear if
focal high IgGG4 staining in an atherosclerotic aneurysm is
entirely diagnostic of I[gG4-RSD, or if in some cases such
staining could represent a localized hypersensitivity reac-
tion. Additional studies with close patient follow-up will
be required to address this issue.

Inflammatory aortic aneurysm and periaortitis
The term inflammatory aortic aneurysm or periaortitis
has traditionally been applied to abdominal aortic aneur-
ysms with severe atherosclerosis, which contained more
chronic inflammation and scarring in the adventitia than
typical atherosclerotic aneurysms [23-25]. Approxi-

mately 2-15% of all abdominal aortic aneurysms are
thought to be inflammatory aneurysms. In some cases,
this disorder has been reported in the setting of well
recognized rheumatologic conditions such as rheumatoid
arthritis and ankylosing spondylitis [26]. However, in
most cases, the significance of the pathology has not
been so certain. As atherosclerosis itself can result in
substantial adventitial scarring and inflammation, it has
been unclear whether most inflammatory abdominal
aortic aneurysms were a manifestation of a systemic
rheumatologic disease or were simply a subtype of ath-
erosclerosis with more than the average amount of inflam-
mation, perhaps resulting in part from a localized hyper-
sensitivity reaction to atherosclerotic plaque components.

In a comprehensive study [16] from the Cleveland Clinic,
true aortitis was felt to be present in only two of approxi-
mately 700 (0.3%) abdominal aortic aneurysms, far lower
than the 2—15% of cases being labeled as inflammatory
aneurysms, suggesting that the majority of the inflam-
matory abdominal aortic anecurysms may not represent
true aortitis. Progress in understanding the disorder of
inflammatory abdominal aortic anecurysms has been ham-
pered in some institutions by surgical procedures in
which none of the aorta is removed for pathologic
analysis. Likewise, the more recently adopted endovas-
cular procedures, while having the benefit of allowing for
a less invasive procedure, have a downside in limiting
diagnosis of the underlying disease process, which lead to
the formation of the aneurysm. Despite these difficulties
and controversies, recent reports have indicated that a
subset of inflammatory abdominal aortic aneurysm cases
is in fact a result of IgG4-RSD.

Inflammatory abdominal aortic aneurysm and
IgG4-related systemic disease

In the last few years, it has been become clear that some
cases being labeled as inflammatory abdominal aortic
ancurysm are in fact a manifestation of [gG4-RSD. Sakata
et al. [27] compared 11 cases of inflammatory abdominal
aortic aneurysm to 12 cases of atherosclerotic abdominal
aortic aneurysm and demonstrated that the aneurysms
defined as inflammatory contained more IgG4" plasma
cells than those defined as atherosclerotic. However, in
that study there was no clear delineation as to which
inflammatory aneurysms actually represented involve-
ment by [gG4-RSD. In addition, the fraction of plasma
cells expressing [gG4 was not reported for either aneur-
ysm group, making it unclear if the enhanced number of
IgG4™" plasma cells was simply a manifestation of more
plasma cells in general being present in the aneurysms
labeled as inflammatory.

There have been several cases reported of inflammatory
abdominal aortic aneurysm/abdominal periaortitis, which
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Table 2 Published cases of IgG4-related inflammatory abdominal aortic aneurysm

Abdominal  Aneurysm (size) IgG4™" Serum

aortic or ruptured Site of plasma 1gG4 Extra-aortic
No. Age M/F  segment aneurysm inflammation  cells (fraction)  (mg/dll) disease Reference
1-4 58-72years 3 M Not Aneurysms Ad 0.67+0.112 109,112, [28]

1 F  Specified 559

5 77 years M Infrarenal Aneurysm Ad > Med 0.88 571 Pancreas RF [29]
6 63 years F Infrarenal Aneurysm (6.5 cm)  Ad>Med 0.50 456 Coronary Artery  [30]
7 63 years F Infrarenal Ruptured Aneurysm  Ad 0.64 61 [31]

Ad, adventitia; Med, media; RF, retroperitoneal fibrosis.

#Mean and presumed standard deviation, estimated from reported bar graph.

were attributed to IgG4-RSD, and which included patho-
logic evaluation of the aorta [28—31]. Comparison of these
cases in Table 2 with the six thoracic [gG4-related aortitis
cases in Table 1 demonstrates some potential differences
in these two groups of patients. The thoracic cases in
general appear to have more severe disease with trends
toward higher fractions of infiltrating plasma cells stain-
ing for IgG4™", higher serum IgG4 levels, and increased
frequency of involvement of the aortic media. In fact,
three of the six patients with abdominal IgG4-related
periaortitis for whom serum IgG4 values were reported
actually had serum IgG4 levels below 120 mg/dl, essen-
tially normal levels. Additional cases will be needed to
establish the significance of these trends and if in fact
patients with thoracic IgG4-related aortitis have more
severe disease than those with involvement of the
abdominal aorta.

Pathologically, all seven cases of abdominal aortic invol-
vement by IgG4-related systemic disease are comparable
to the adventitia-predominant form of thoracic IgG4-
related aortitis, with medial involvement only clearly
stated for two of the seven cases. A media-predominant
form of IgG4-related aortitis has not yet been reported in
the abdominal aorta. Focal granulomatous inflammation
was reported in two of the seven abdominal aorta cases,
compared with none of the six thoracic aortitis cases.
Similarly, a relatively prominent eosinophilic infiltration
was reported with three of the seven abdominal aorta
cases, whereas at least four of the six thoracic aortitis cases
lacked a prominent cosinophil component. These latter
two histologic findings may suggest that the IgG4+
plasma cells in some abdominal aortic aneurysm cases
may be occurring in the setting of a localized allergic/
hypersensitivity reaction.

The relationship of IgG4-related systemic disease to
inflammatory abdominal aortic aneurysms may allow
some insight into the prevalence of this disorder. Kasa-
shima ez al. [28] reported that four of 10 cases (40%) of
inflammatory abdominal aortic aneurysm were due to
[gG4-RSD. As indicated above, inflammatory aneurysms
may represent 2—15% of all abdominal aortic aneurysms.
"T'his would suggest 1-6% of all abdominal aortic aneur-

ysms could be due to IgG4-related systemic disease.
Because moderate to large abdominal aortic aneurysms
(>39mm) are known to be present in about 4% of men
age 65-74 [32], IgG4-related aortic disease could poten-
tially be present in roughly one out of every 1000 older
men. Additional studies will be required to confirm these
numbers. Specifically, it will be important to ascertain if
all of the cases of [gG4-related inflammatory abdominal
aortic aneurysms are truly systemic disorders, or if a
portion of these cases are actually localized hypersensi-
tivity reactions.

Retroperitoneal fibrosis

Retroperitoneal fibrosis is a chronic inflammatory fibros-
ing condition that may result from multiple distinct
etiologies including infection (particularly mycobacter-
ial), radiation therapy, drugs (such as ergot alkaloids),
malignant neoplasms, and trauma [33,34]. True, idio-
pathic retroperitoneal fibrosis is a relatively rare condition
that is believed to afflict approximately one in every
100 000 people. In recent years, it has become clear that
in a subset of patients with idiopathic retroperitoneal
fibrosis, the disorder is in fact occurring in the setting of
[gG4-RSD.

IgG4-related systemic disease as a cause of
retroperitoneal fibrosis

As early as 2002, it was clear that auto-immune pancrea-
titis could be associated with inflammatory masses within
the retroperitoneum, and it was later recognized that both
conditions were a manifestation of 1gG4-RSD. Table 3
summarizes the characteristics of 14 published cases of
retroperitoneal fibrosis due to IgG4-RSD in the absence
of aortic aneurysm [35-45]. By imaging, the retroperito-
neal involvement is typically not entirely diffuse, but
present primarily as inflammatory masses that often
primarily involve the abdominal aorta, the kidneys or
the ureters. In fact, ureteral obstruction with hydrone-
phrosis is a common associated finding. The inflamma-
tory masses are composed of lymphoplasmacytic inflam-
mation and fibrosis with a substantial number of the
plasma cells expressing 1gG4.
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Table 3 Published cases of IgG4-related retroperitoneal fibrosis without aortic aneurysm formation

No. Age Sex Predominant location Serum IgG4 (mg/dl) Other sites of disease involvement Reference
1 60 years Male Periureteral 265 Pancreas [35]
2 74 years Male Periureteral 965 Pancreas [35]
3 63 years Male Periureteral 265 Pancreas [35]
4 56 years Male Periaortic ND Pancreas [36]
5 68 years Male Perirenal ND Pancreas [37]
6 71 years Male Periaortic ND Pancreas [38]
7 62 years Male Not specified ND Pancreas [38]
8 68 years Male Not specified 540 Pancreas, salivary glands [39]
9 52 years Male Periaortic 392 Mediastinum, perithoracic aorta [40]
10 70 years Male Perirenal 619 Pancreas [41]
11 71 years Male Periaortic 405 Salivary glands, lymph nodes, pituitary [42]
12 75 years Male Periaortic 240 Pancreas [43]
13 77 years Male Periaortic 348 Pancreas [44]
14 70 years Male Perirenal >2000 Salivary glands, lymph nodes [45]
ND, no data.

Table 4 Comparison of patients with IgG4-related thoracic aortitis, IgG4-related inflammatory abdominal aortic aneurysm, and IgG4-

related retroperitoneal fibrosis

Number Age Mean IgG4™ Mean serum Aortic medial Additional sites
Patient group sex (M/F) mean plasma cell fraction 9G4 (mg/dl) involvement (%) of involvement (%)
Thoracic aortitis 6/0 70 0.82 3012 83 33
Abdominal aneurysms 4/3 67 0.67 311 29 29
Retroperitoneal fibrosis 14/0 67 NR 604 NA 100

Includes the patients in Tables 1-3. NA, not applicable; NR, not reported.

Just like the six IgG4-related thoracic aortitis cases, all
14 cases of [gG4-related retroperitoneal fibrosis were men.
In fact, comparison of these 14 cases with the seven cases of
[gG4-related abdominal periaortitis (‘Table 4) reveals a
statistically significant difference in the sex distribution
between these two groups (P =0.026, Fisher’s exact test),
suggesting the relatively low male predominance of the
[gG4-rleated abdominal aortic aneurysm cases to not have
resulted from chance alone. All 14 of the 1gG4-related
retroperitoneal fibrosis cases demonstrated systemic/mul-
tifocal involvement, which included pancreatic involve-
mentin 11 cases, salivary gland involvementin three cases,
lymph node involvement in two cases, and pituitary and
mediastinal periaortic involvement in one case each. A
positive response to corticosteroid treatment was reported
in 11 of 11 cases; however, in at least one of these cases, the
size of the retroperitoneal mass did not decrease. These
cases clearly demonstrate that aortic adventitial involve-
ment is a feature of [gG4-RSD, even in the absence of
aortic aneurysm formation.

In a recent study [46°°] of retroperitoneal biopsies of
patients with idiopathic retroperitoneal fibrosis, 10 of 17
cases were felt to be due to IgG-RSD. In these 10
patients, the fraction of plasma cells staining for 1gG4
ranged from 35 to 76% compared with 0 to 10% for the
other seven patients. Likewise, for the IgG4-RSD
patients, the mean serum IgG4 concentration was
695 mg/dl (range 154-2330mg/dl) compared with
30mg/dl (range 10-53mg/dl) for the other seven

patients. Interestingly, all 10 patients with [gG4-related
retroperitoneal fibrosis were men, while six of the seven
patients with non-IgG4-related retroperitoneal fibrosis
were women. Five of the 10 patients with [gG4-related
retroperitoneal fibrosis had extraretroperitoneal involve-
ment compared with none of the other seven patients.

Conclusion

Moving forward, it will be important to establish criteria
for a pathologic diagnosis of aortic involvement by [gG4-
RSD, particularly because the condition is being reported
in patients with normal serum IgG4 levels and without
clinical evidence of systemic involvement [47]. It is
important to bear in mind that simply identifying IgG4™"
plasma cells does not necessarily indicate involvement
by IgG4-RSD [20°°]. In general, the cases reported in
Tables 1 and 2 showed a high percentage of plasma cells
staining for [gG4, typically 50% or greater. In addition,
there should also be a reasonably high absolute number of
[gG4+ plasma cells. The three I1gG4-related thoracic
aortitis cases reported by us [20°°] in fact had greater
than 150 IgG4" plasma cells per 400x high-power field
(40x objective and 10x ocular). In addition, to diagnose
IgG4-related aortitis, it is important for the histologic
changes to overall be consistent with an aortitis or peri-
aortitis, and to not be readily explainable by another
process such as atherosclerosis. The following three
criteria compose the 50/50 rule for the pathologic diag-
nosis of [gG4-related aortitis/periaortitis:
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(1) An overall histology that is consistent with an aortitis
or periaortitis and that is not readily explained by
another process such as atherosclerosis.

(2) At least 50% of the plasma cells stain for [gG4.

(3) At least 50 IgG4" plasma cells per 400x high-power
field, counting at least three fields.

Additional cases will need to be assessed to determine
the sensitivity and specificity of these criteria. It will also
be important to establish the significance of focal high
IgG4™" plasma cell counts in aortas having an overall
histology more consistent with routine atherosclerosis.
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