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Aortic insufficiency is commonly observed in rheumatologic diseases such as ankylosing
spondylitis, systemic lupus erythematosus, antiphospholipid syndrome, Behcet’s
disease, granulomatosis with polyangiitis, and Takayasu arteritis. Aortic insufficiency
with an underlying rheumatologic disease may be caused by a primary valve pathology
(leaflet destruction, prolapse or restriction), annular dilatation due to associated
aortitis or a combination of both. Early recognition of characteristic valve and aorta
morphology on cardiac imaging has both diagnostic and prognostic importance.
Currently, echocardiography remains the primary diagnostic tool for aortic insufficiency.
Complementary use of computed tomography, cardiac magnetic resonance imaging
and positron emission tomography in these systemic conditions may augment the
assessment of underlying mechanism, disease severity and identification of relevant
non-valvular/extracardiac pathology. We aim to review common rheumatologic diseases
associated with aortic insufficiency and describe their imaging findings that have been
reported in the literature.

Keywords: aortic insufficiency (Al), autoimmune disease (AD), rheumatologic diseases, aortitis, ankylosing
spondylitis, Libman-Sacks endocarditis, Takayasu arteritis

INTRODUCTION

Aortic insufficiency (AI) is an important cardiac manifestation observed in many rheumatologic
and systemic diseases. In the Euro Heart Survey, about 4% of AI cases were thought to be
due to an underlying inflammatory condition (1). The aortic valve can be insufficient due
to a primary valve pathology (leaflet destruction, prolapse or restriction) or secondary to
annular dilatation or both. Both primary and secondary forms of AI have been described in
rheumatologic diseases. Two-dimensional echocardiography remains the mainstay diagnostic
tool of choice in the assessment of AI; however, other imaging modalities such as computed
tomography (CT), magnetic resonance imaging (MRI) and Fluorine-18 fluorodeoxyglucose
positron emission tomography (FDG-PET) are also considered useful tests, especially when
there is a concern for concomitant aortitis. Observational studies have reported high
accuracy of cardiac CT and MRI derived classification of AI mechanism when compared
to surgical inspection (2, 3). High spatial resolution data of the aortic valve and root
provided by cardiac CT and multiplanar reconstructed images have been used to determine
feasibility of aortic valve repair (4). Cardiac MRI is often used as the gold standard
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for measurements of left ventricular function, mass and volume.
It is also frequently utilized for accurate quantification of Al
by using phase-contrast velocity mapping (5, 6). Quantification
of AI using cardiac MRI has been shown to have significant
association with clinical outcomes such as symptom development
and need for surgery (7). CT and MRI images of the aortic valve
during diastole allow planimetric measurement of the regurgitant
orifice in moderate or severe Al, although visualization on CT
can be limited by concomitant aortic stenosis or calcification
(3, 8). The use of advanced imaging in the assessment of Al
is well-reviewed in the current literature, (9-12) but there is
little information about specific findings related to underlying
rheumatologic diseases. Ankylosing spondylitis, systemic lupus
erythematosus, and antiphospholipid syndrome often involve
primary valvular pathology leading to Al In vasculitides such
as Behget’s Disease, granulomatosis with polyangiitis, Takayasu
arteritis, giant cell arteritis, Cogan’s syndrome, and IgG-related
aortitis, Al is mostly secondary to aortic inflammation and
dilatation. In this review, we aim to discuss the rheumatologic
diseases associated with AI and describe their characteristic
imaging findings.

ANKYLOSING SPONDYLITIS

Ankylosing spondylitis is characterized by its strong association
with HLA B-27 (present in about 90% of patients), sacroilitis,
enthesitis, uveitis, inflammatory bowel disease and psoriasis (13).
Ankylosing spondylitis is more prevalent in men with a gender
ratio of roughly 3.4:1 (14). The reported prevalence of Al in
ankylosing spondylitis population ranges from 3.3 to 18% (15).
A recent Dutch registry of patients with ankylosing spondylitis
aged 50-75 years showed that they had an up to five times
higher odds of having AI compared to controls after adjusting
for age, sex and cardiovascular risk factors (16). A cross-sectional
transthoracic echocardiography (TTE) study of 187 patients
with ankylosing spondylitis showed that presence of Al was
associated with increasing age, disease duration and a history of
anterior uveitis (17). A recent observational study showed that
HLA B-27 positivity was associated with increased aortic root
diameter index after adjusting for age, sex and cardiovascular risk
factors (18). However, there was no association between HLA B-
27 positivity and Al In a recent study, ankylosing spondylitis
patients had a higher risk of developing valvular heart disease
and undergoing valve replacement surgery compared to those
without the disease (19). Cases of thoracic and abdominal aortic
aneurysm in ankylosing spondylitis have been reported but the
incidence of aortic dissection is unclear (20-22).
Histopathological findings of the affected aortic valve, root
and sinuses include fibrous tissue deposition in the adventitia
and intima resulting from platelet aggregation and fibroblast
activation (23). It is thought that inflammation and subsequent
dilatation of the aortic root in ankylosing spondylitis eventually
lead to fibrotic thickening and shortening (i.e., inward rolling)
of the aortic cusps and increased aortic stiffness (24, 25).
Characteristic echocardiographic findings such as aortic root
thickening (defined as wall thickness > 2.2 mm), nodular aortic

valve thickening (defined leaflet thickness > 2mm in two or
more cusps or in one cusp with valve insufficiency) and subaortic
bump (defined as an aorto-mitral junction length and height
of >7.7 and 3.2 mm, respectively) were demonstrated in a case
series of 44 patients (26). Subaortic bump caused by fibrotic
changes can also affect the anterior mitral leaflet resulting in
mitral regurgitation, but mitral valve involvement is rare in
ankylosing spondylitis (27). A small explorative study looking
at myocardial tissue characterization using cardiac MRI found
that a subgroup of ankylosing spondylitis patients had a typical
pattern of late gadolinium enhancement in the mid wall to
subepicardial layer, similar to previously reported findings in
other autoimmune diseases (28). The same study also found that
myocardial extracellular volume, quantified by T1 mapping, was
associated with disease activity.

SYSTEMIC LUPUS ERYTHEMATOSUS AND
ANTIPHOSPHOLIPID SYNDROME

Systemic lupus erythematosus (SLE) is a chronic autoimmune
disorder of unknown cause. Al is a common valvular abnormality
seen in patients with systemic lupus erythematosus (SLE),
after mitral and tricuspid insufficiency (29). One of the
cardiac manifestations associated with SLE and antiphospholipid
syndrome (APLS) is Libman-Sacks endocarditis, also known
as non-bacterial thrombotic endocarditis, which is often found
on the left sided valves and related to valve insufficiency
(30). Vegetations associated with Libman-Sacks endocarditis are
frequently located at the tip or mid-portion of the leaflets but can
involve the annulus or subvalvular apparatus (31, 32). Libman-
Sacks vegetations are found in roughly 1 in 10 patients with SLE
and in those with longer disease duration, higher severity, and
positive antiphospholipid antibodies (present in 30-40% of SLE
patients) (33). Due to its association with APLS, patients with
both SLE and Libman-Sacks endocarditis are also at higher risk
of thromboembolism. In a study of 69 SLE subjects, patients with
Libman-Sacks endocarditis had 11% incidence of cerebrovascular
accident and 12% mortality during a 5-year follow-up (34).

The vegetations are thought to be due to the formation of
fibrin-platelet thrombi as well as deposition of immunoglobulins
and complements, both of which ultimately result in valve
fibrosis, distortion and dysfunction (35, 36). There are more
valvular lesions found in patients with APLS secondary to SLE
compared to those with primary APLS suggesting additional
SLE-related immunologic factors may play a pathogenic role (37).

Roldan et al. showed that transesophageal echocardiography
(TEE) is superior to TTE in detecting Libman-Sacks endocarditis
and that 3D TEE is better than 2D in characterizing lesions
(31, 32). By echocardiographic evaluation, the vegetations
have been described as various sizes of irregularly shaped,
sessile, and homogeneously echodense nodularities (Figure 1)
(32). These lesions typically affect both sides of the valve
surface. Based on the appropriate use criteria, cardiac CT
may be an alternative non-invasive diagnostic test to visualize
valvular vegetations in suspected Libman-Sacks when TTE is
inconclusive and TEE is contraindicated (38). Differentiation
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FIGURE 1 | TEE showing 2D (A: top) and color Doppler (B: bottom) images of
Libman-Sacks endocarditis involving the left-sided valves (A) and severe
eccentric aortic insufficiency (B). The patient was found to have positive lupus
anticoagulant as well as high titers of anti-cardiolipin IgM and anti-beta-2
glycoprotein | IgM, consistent with triple positive APLS.

between Libman-Sacks endocarditis and infective endocarditis
by echocardiographic imaging alone, is difficult as there are no
pathognomonic features distinguishing the two entities. Clinical
diagnosis is generally made when there is an absence of systemic
infection in a patient at risk for Libman-Sacks endocarditis.
A recent case report suggested that cardiac MRI could be
used to differentiate Libman-Sacks endocarditis from valve
thrombosis and infective endocarditis by confirming increased
T2-weighted signal and increased signal intensity on delayed
hyperenhancement (39). However, sensitivity and specificity
of these findings have not been studied broadly. In general,
the relatively lower spatial resolution of cardiac MRI limits
its sensitivity of tissue characterization of vegetations. FDG-
PET may demonstrate increased uptake at the site of Libman-
Sacks endocarditis but cannot distinguish this disease process
from infective endocarditis (40). Libman-Sacks vegetations
on imaging studies are indistinguishable from vegetations or
valve thrombus. Therefore, patient’s history, physical exam and
extracardiac symptoms should be taken into consideration.

Complete blood count, blood cultures and serologic tests
should be part of evaluation in order to rule out other
causes of vegetations such as infective endocarditis. In SLE
and APLS, Al is primarily caused by the underlying valve
pathology related to Libman-Sacks endocarditis. Although
rare, there are reported cases of lupus aortitis leading to
secondary Al, diagnosed by CT, MRI and PET findings
along with high serum C-reactive protein levels (41). Lupus
aortitis has also been associated with dissection, aneurysm and
thrombus (42).

BEHCET’S DISEASE

Behget’s disease is a chronic, relapsing vasculitis associated with
HLA-B51 and mutation of factor V Leiden (43). It most affects
young individuals of Mediterranean and East Asian origin. It
is diagnosed by multiple organ involvement including recurrent
mucosal ulcers (oral and genital), skin manifestations, eye lesions
(uveitis) and a positive pathergy test. Although uncommon, more
severe complications of Behget’s disease include gastrointestinal,
cardiac and vascular involvement of both venous and arterial
vessels of all sizes. Cardiac involvement, such as valvular
insufficiency, pericarditis, intracardiac thrombosis, myocarditis
and myocardial infarction, was found to be the first manifestation
of Behgets disease in a third of the study cohort investigated
by Geri et al. (44) Previously reported cases of AI in Behget’s
disease patients were more frequently found in men than
women and the average age of patients was 44 years (45). The
prevalence of Al in Behget’s disease patients is reported to be
around 16% (44). Histopathological examination of the aortic
valve shows acute and chronic lymphoplasmocytic infiltration
and fibrotic thickening (46). Characteristic echocardiographic
findings of aortic valve disease related to Behgets disease
include aortic root dilatation, redundant coronary cusp motion
or prolapse, sinus of Valsalva aneurysm with/without rupture,
vegetation like mobile lesions, and periaortic echolucent spaces
(pseudoaneurysm) mimicking abscess formation (47). The aortic
valve pathology in Behget’s disease is complex and can mimic
findings found in other diseases such as infective endocarditis
or Libman-Sacks endocarditis. Culture data and serologic
testing for other autoimmune processes should be obtained to
rule out endocarditis. Echocardiography is a critical imaging
modality in detecting post-operative complications which are
unfortunately common in Behgets disease patients undergoing
valve replacement. Peri-operative immunosuppression is critical;
however, prosthesis dehiscence, paravalvular leak, and periaortic
pseudoaneurysm formation have been reported despite use of
immunosuppressive treatment (48). Patients undergoing aortic
valve replacement alone often need a second operation. Pre-
operative features such as pseudoaneurysm at the ascending
aorta and dissection into the interventricular septum have been
found to be associated with higher rates of recurrent Al after
first operation (49). Concurrent aortic root replacement with
a homograft at the time of valve replacement is proposed as
a preferred surgical method to prevent some of these post-
operative complications (46).
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Cardiac CT may be used for identification of periaortic
pseudoaneurysm and other cardiac abnormalities such as
endomyocardial fibrosis (low attenuation along the myocardium)
and intracardiac thrombi (contrast filling defect) (50). CT
coronary angiography can be used to look for coronary artery
aneurysm with or without thrombus formation. Aortitis has
also been reported in association with valvulitis in Behget’s
disease. Invasive angiography was historically considered gold
standard for diagnosis of aortitis, but advances in non-invasive
imaging modalities such as CT and MR angiography have
replaced invasive aortography with more rapid and accurate
assessment of vascular abnormalities such as aneurysm, stenosis
and calcification seen in “burnt out” aortitis (51). Invasive
angiography is limited to detecting changes in luminal diameter,
which occur in late stages of disease. Routine use of diagnostic
invasive angiography is discouraged in Behget’s disease patients
as there have been frequent reports of arterial puncture site
complications including pseudoaneurysm formation and delayed
rupture (52). Use of FDG-PET has shown FDG uptake in the
aortic root, thoracic and/or abdominal aorta in Behget’s disease
patients, consistent with active inflammation (48).

GRANULOMATOSIS WITH POLYANGIITIS

Granulomatosis with polyangiitis (GPA) is a small to medium
vessel necrotizing granulomatous vasculitis that affects the
respiratory tract and the kidneys. It is associated with proteinase 3
anti-neutrophilic cytoplasmic antibody (PR3-ANCA) positivity.
GPA affects the heart in 8-16% of cases at the time of diagnosis
and in 4-25% of cases throughout the disease course (53).
Cardiac complications in GPA include pericarditis, myocarditis,
coronary arteritis and valvulitis. Al is the most frequently seen
valve disease in this population (54). A retrospective study of
6,740 GPA patients found that 2% of the patients had AI (55).
Histopathological findings from the affected aortic valve usually
show polymorphonuclear micro-abscesses, foci of necrosis, and
areas of fibrosis (54, 55).

By 2D echocardiography, aortic valve leaflets can appear
thickened with focal restriction of cusps causing malcoaptation
of the leaflets (56). Other valvular manifestations include
perforation and vegetations which can resemble endocarditis
(57). Although rare in GPA, aortic root and ascending aortic
inflammation has been reported in a patient with known GPA
presenting with severe Al and complete heart block (58).

TAKAYASU ARTERITIS

Takayasu arteritis (TA) is an idiopathic large-vessel vasculitis
involving the aorta and its branches as well as the pulmonary
artery, which may result in stenosis, occlusion or aneurysm of the
affected vessel (59). TA typically affects young women under 40
years of age (51). In the National Institutes of Health study of 60
patients with TA, 23% had aortic aneurysms, most commonly in
the aortic arch/root, abdomen, then other thoracic segments (60).
Al can result from aortic root dilatation in TA and was found in
13-44% of affected patients (61, 62).

Echocardiography may show normal aortic cusps and Al
associated with root dilatation; however, there has been a case
of aneurysm of the right sinus of Valsalva which developed
14 years after valve replacement in a Takayasu patient (63).
Thickened aortic root and ascending aorta can be demonstrated
on echocardiography, with complementary findings of diffuse
wall thickening and gadolinium enhancement seen on CT and
MRI, respectively (64). Cross sectional imaging studies should
be used to evaluate the distal aorta and branch vessels that
are not easily visualized on echocardiography. In a study of 85
TA patients who underwent CT angiography, 95% of patients
were found to have aortic involvement and 5% of those patients
had branch involvement (65). CT angiography may show wall
thickening with mural enhancement and low-attenuation ring
in early stages of active TA (65, 66). Late complications of TA
such as large vessel aneurysm, stenosis, and occlusion may also
be seen on CT angiography. Due to its strength in arterial wall
characterization related to disease activity, CT angiography has
an important role in monitoring disease severity and response
to immunosuppressive therapy (67). Compared to CT, MRI has
an advantage of obtaining multiplanar images without ionizing
radiation. Disease activity in early vasculitis may be represented
by increased wall thickness and mural contrast enhancement
in T1-sequences as well as arterial wall edema in T2-sequences
(68). FDG-PET plays an important role in the diagnosis and
monitoring of TA by detecting active inflammation. It can
diagnose early disease by showing inflammatory cell infiltration
of the vessel wall, which occurs sooner than development of wall
edema seen on MRI (69, 70). When compared with invasive
angiography, FDG-PET correctly diagnosed 11 of 12 patients
with active TA and all 6 patients with inactive TA, resulting 92%
sensitivity and 100% specificity (71). PET findings can normalize
after appropriate immunosuppressive therapy. On PET, vasculitic
lesions have more intense FDG uptake (grade 2+ or 3+) and
diffuse linear involvement as opposed to focal hot spots seen in
atherosclerotic lesions (69). In patients with suspected aortitis,
hybrid imaging with PET and either CT or MR angiography gives
more precise anatomic localization of active disease.

OTHER VASCULITIDES

Along with Takayasu arteritis, giant cell arteritis (GCA) is one
of the leading causes of aortitis and aortic aneurysm. GCA
is a large vessel vasculitis that generally affects individuals 50
years or older and aortitis is present at in at least 27% of cases
(72). Aortic manifestations of GCA may include annuloaortic
ectasia, thoracic and abdominal aortic aneurysm, dissection
and/or AI (42). Patients with GCA are approximately 17 times
more likely to develop thoracic aortic aneurysm compared
to the general population (73). A population based cohort
study of 204 patients with GCA found that the incidence
of aortic aneurysm/dissection is high within the first year
of diagnosis and increased after 5 years (74). In the same
study, aortic aneurysm/dissection was associated with increased
mortality with a hazard ratio of 3.4 (95% CI 2.2-5.4). These
findings emphasize the importance of long-term surveillance
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TABLE 1 | Summary of imaging findings from rheumatologic diseases causing aortic insufficiency.

Echocardiography

CcT MRI

Ankylosing
spondylitis

Valve thickening and calcification

Inward rolling of the aortic cusps
Subaortic bump

Can involve thickening of the anterior mitral
leaflet and mitral regurgitation

Libman-sacks
endocarditis

Various sizes of irregularly shaped, sessile,
and homogenous echoreflectant lesions

Behget's disease Thinning/elongation of leaflets
Redundant coronary cusp motion or
prolapse

Vegetation like mobile lesions
Periaortic echolucent spaces
(pseudoaneurysm)

Aortic root dilatation

Sinus of Valsalva aneurysm (rare)

Thickened leaflets and coal restriction of
cusps causing malcoaptation
May involve valve perforation and vegetations

Granulomatosis
with polyangiitis

Takayasu arteritis
and other
vasculitides

Normal aortic cusps

Aortic annular dilatation

Thickening of the annulus and ascending
aorta

Sinus of Valsalva aneurysm (rare)

Annular dilatation and coaptation gap

Various sizes of irregularly shaped valvular
masses (characterization may be difficult)

Low attenuation along the myocardium
consistent with endomyocardial fibrosis
Periaortic pseudoaneurysm

Aortic wall thickening with mural
enhancement

Intracardiac thrombi

Coronary artery aneurysm

Thickening of the aortic valve cusps

Aortic wall thickening with mural
enhancement +/- involvement of aortic
branches

Aneurysm, stenosis or occlusion of the aorta
or its branches

Aortic wall thickening, edema
and/or mural contrast enhancement
consistent with aortitis

e Mid to

subepicardial hyperenhacement

Increased T2-weighted signal and
delayed hyperenhancement of the
valve

Endocardial fibrosis consistent

with myocarditis

Aortic  wall thickening, edema
and/or mural contrast enhancement
consistent with aortitis

Myocardial edema

Asymmetrical thickening of the
aortic root and ascending aorta
Increased T2-weighted signal and
delayed hyperenhancement of the
valve and ascending aorta

Aortic wall thickening, edema
and/or mural contrast
enhancement consistent
with aortitis

and monitoring of aortic aneurysm formation in GCA patients.
Cogan’s syndrome is characterized by episodes of interstitial
keratitis and vestibuloauditory dysfunction and aortitis occurs
in up to 12% of patients (75). Cogan syndrome has a mortality
rate of ~10%, largely due to cardiovascular complications such
as ruptured aortic aneurysm, systemic vasculitis, myocardial
infarction and heart failure (76). IgG4-related disease is a chronic
autoimmune mediated fibroinflammatory condition that can
affect many organ systems including the cardiovascular system.
IgG4-aortitis is thought to be present in about 8% of IgG4-related
disease patients and in 7-9% of non-infectious thoracic aortitis
(77). In IgG4-aoritits, thoracic aortic involvement is twice as
likely as abdominal aortic involvement (78). Aortic dilatation in
these diseases can lead to secondary Al but the exact prevalence
is unknown. Similar to the diagnostic approach used in Takayasu
arteritis, aortic wall thickening, inflammation and vessel stenoses
may be seen on CT, MRI, and PET imaging in these vasculitides
(Table 1).

CONCLUSION

Many rheumatologic diseases result in aortic valve pathology,
aortitis and subsequent AI. A comprehensive rheumatologic
investigation should take place when there is high clinical
suspicion for an underlying autoimmune disease and otherwise

unexplained acute or chronic AI. A detailed history taking,
physical examination as well as serologic testing should be part
of the work up. TTE is a useful first-step diagnostic tool for
assessment of AI and proximal aortic pathology, although it
may not differentiate the underlying rheumatologic condition.
When there is an eccentric jet of Al, additional imaging such
as TEE and cardiac MRI can be used for more accurate
assessment of disease severity. Cardiac CT can demonstrate other
intra/extracardiac abnormalities such as intracardiac thrombus
and periaortic pseudoaneurysm. FDG-PET is a useful diagnostic
tool for detecting active inflammation in these rheumatologic
diseases. It is important to consider involvement of the thoracic
aorta and other large vessels and use supplemental imaging
modality such as CT, MRI and PET to make the correct diagnosis.
Additional research investigating the clinical features that predict
the presence, severity and progression of AI in rheumatic
diseases is much needed as early recognition of the valve
dysfunction and associated aortopathy has crucial therapeutic
and prognostic implications.

AUTHOR CONTRIBUTIONS

All authors listed have made a substantial, direct, and
intellectual contribution to the work and approved it
for publication.

Frontiers in Cardiovascular Medicine | www.frontiersin.org

April 2022 | Volume 9 | Article 874242


https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/cardiovascular-medicine#articles

Choi et al.

Aortic Insufficiency in Rheumatologic Diseases

REFERENCES

10.

11.

12.

13.

14.

15.

16.

17.

18.

. Iung B, Baron G, Butchart EG, Delahaye F, Gohlke-Bérwolf C, Levang OW,

et al. A prospective survey of patients with valvular heart disease in Europe:
the euro heart survey on valvular heart disease. Eur Heart J. (2003) 24:1231-
43. doi: 10.1016/S0195-668X(03)00201-X

. Koo HJ, Kang JW, Kim JA, Kim JB, Jung SH, Choo §J, et al. Functional

classification of aortic regurgitation using cardiac computed tomography:
comparison with surgical inspection. Int J Cardiovasc Imaging. (2018)
34:1295-303. doi: 10.1007/s10554-018-1341-1

. Goffinet C, Kersten V, Pouleur AC, le Polain de Waroux JB, Vancraeynest D,

Pasquet A, et al. Comprehensive assessment of the severity and mechanism
of aortic regurgitation using multidetector CT and MR. Eur Radiol. (2010)
20:326-36. doi: 10.1007/500330-009-1544-x

. Regeer MV, Kamperidis V, Versteegh MI, Klautz R], Scholte AJ, Bax JJ,

et al. Aortic valve and aortic root features in CT angiography in patients
considered for aortic valve repair. | Cardiovasc Comput Tomogr. (2014)
8:299-306. doi: 10.1016/j.jcct.2014.06.008

. Sondergaard L, Lindvig K, Hildebrandt P, Thomsen C, Stéhlberg

E Joen T, et al. Quantification of
magnetic  resonance velocity —mapping.
125:1081-90. doi: 10.1016/0002-8703(93)90117-R

aortic  regurgitation by
Am  Heart ] (1993)

. Honda N, Machida K, Hashimoto M, Mamiya T, Takahashi T, Kamano T,

et al. Aortic regurgitation: quantitation with MR imaging velocity mapping.
Radiology. (1993) 186:189-94. doi: 10.1148/radiology.186.1.8416562

. Myerson SG. d’Arcy J, Mohiaddin R, Greenwood JP, Karamitsos TD, Francis

JM, et al. Aortic regurgitation quantification using cardiovascular magnetic
resonance: association with clinical outcome. Circulation. (2012) 126:1452—
60. doi: 10.1161/CIRCULATIONAHA.111.083600

. Feuchtner GM, Dichtl W, Miiller S, Jodocy D, Schachner T, Klauser A,

et al. 64-MDCT for diagnosis of aortic regurgitation in patients referred
to CT coronary angiography. AJR Am ] Roentgenol. (2008) 191:W1-
7. doi: 10.2214/AJR.07.3432

. Bax J], Delgado V. Advanced imaging in valvular heart disease. Nat Rev

Cardiol. (2017) 14:209-23. doi: 10.1038/nrcardio.2017.1

Bennett CJ, Maleszewski JJ, Araoz PA. CT and MR imaging of the
aortic valve: radiologic-pathologic correlation. Radiographics. (2012) 32:1399-
420. doi: 10.1148/rg.325115727

Aguilar F, Nesser HJ, Faletra E De Castro S, Maron M, Patel AR, et al.
Imaging modalities in valvular heart disease. Curr Cardiol Rep. (2008) 10:98-
103. doi: 10.1007/s11886-008-0018-0

Reid A, Blanke P, Bax JJ, Leipsic J. Multimodality imaging in valvular heart
disease: how to use state-of-the-art technology in daily practice. Eur Heart ].
(2021) 42:1912-25. doi: 10.1093/eurheartj/ehaa768

Robbins SL, Cotran RS, Kumar V, Abbas AK, Fausto N, Aster JC.
Robbins and Cotran Pathologic Basis of Disease. 8th ed. Philadelphia, PA:
Saunders/Elsevier (2010).

Dean LE, Jones GT, MacDonald AG, Downham C, Sturrock RD, Macfarlane
GJ. Global prevalence of ankylosing spondylitis. Rheumatology. (2014)
53:650-7. doi: 10.1093/rheumatology/ket387

Park HS, Laiz A, Sanchez-Vega ], Diaz Del Campo P, Martin-Martinez
MA, Guerra-Rodriguez M, et al. Valve abnormalities, risk factors for
heart valve disease and valve replacement surgery in spondyloarthritis.
A systematic review of the literature. Front Cardiovasc Med. (2021)
8:719523. doi: 10.3389/fcvm.2021.719523

Baniaamam M, Heslinga SC, Boekel L, Konings TC, Handoko ML, Kamp
O, et al. The prevalence of cardiac diseases in a contemporary large cohort
of dutch elderly ankylosing spondylitis patients—the CARDAS study. J Clin
Med. (2021) 10:5069. doi: 10.3390/jcm 10215069

Klingberg E, Sveilv BG, Tang MS, Bech-Hanssen O, Forsblad-d’Elia H,
Bergfeldt L. Aortic regurgitation is common in ankylosing spondylitis: time
for routine echocardiography evaluation? Am ] Med. (2015) 128:1244-
50.el. doi: 10.1016/j.amjmed.2015.04.032

Baniaamam M, Heslinga SC, Konings TC, Handoko ML, Kamp O,
van Halm VP, et al. Aortic root diameter is associated with HLA-B27:
identifying the patient with ankylosing spondylitis at risk for aortic valve
regurgitation. Rheumatol Int. (2022) 42:683-8. doi: 10.1007/s00296-021-
05040-w

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Siao WZ, Liu CH, Wang YH, Wei JC, Jong GP. Increased risk of valvular
heart disease in patients with ankylosing spondylitis: a nationwide population-
based longitudinal cohort study. Ther Adv Musculoskelet Dis. (2021)
13:1759720X211021676. doi: 10.1177/1759720X211021676. [Epub ahead of
print].

Kawasuji M, Hetzer R, Oelert H, Stauch G, Borst HG. Aortic valve
replacement and ascending aorta replacement in ankylosing spondylitis:
report of three surgical cases and review of the literature. Thorac Cardiovasc
Surg. (1982) 30:310-4. doi: 10.1055/s-2007-1022414

Takagi H, Mori Y, Umeda Y, Fukumoto Y, Kato Y, Shimokawa K, et al.
Abdominal aortic aneurysm with arteritis in ankylosing spondylitis. J Vasc
Surg. (2003) 38:613-6. doi: 10.1016/S0741-5214(03)00231-3

Stamp L, Lambie N, O’Donnell J. HLA-B27 associated spondyloarthropathy
and severe ascending aortitis. ] Rheumatol. (2000) 27:2038-40.
Grygiel-Gorniak B, Oduah MT, Olagunju A, Klokner M. Disorders of the
aorta and aortic valve in connective tissue diseases. Curr Cardiol Rep. (2020)
22:70. doi: 10.1007/s11886-020-01314-0

Bulkley BH, Roberts WC. Ankylosing spondylitis and aortic
regurgitation:  description  of the  characteristic  cardiovascular
lesion from study of eight necropsy patients. Circulation. (1973)

48:1014-27. doi: 10.1161/01.CIR.48.5.1014
Moyssakis I, Gialafos E, Vassiliou VA, Boki K, Votteas V, Sfikakis PP,
et al. Myocardial performance and aortic elasticity are impaired in
patients with ankylosing spondylitis. Scand J Rheumatol. (2009) 38:216-
21. doi: 10.1080/03009740802474672

Roldan CA, Chavez J, Wiest PW, Qualls CR, Crawford MH. Aortic root
disease and valve disease associated with ankylosing spondylitis. ] Am Coll
Cardiol. (1998) 32:1397-404. doi: 10.1016/S0735-1097(98)00393-3

Chetrit M, Khan M, Kapadia S. State of the art management of aortic
valve disease in ankylosing spondylitis. Curr Rheumatol Rep. (2020) 22:1-
14. doi: 10.1007/s11926-020-00898-4

Biesbroek PS, Heslinga SC, Konings TC, van der Horst-Bruinsma IE, Hofman
MBM, van de Ven PM, et al. Insights into cardiac involvement in ankylosing
spondylitis from cardiovascular magnetic resonance. Heart. (2017) 103:745-
52. doi: 10.1136/heartjnl-2016-310667

Bourré-Tessier J, Huynh T, Clarke AE, Bernatsky S, Joseph L, Belisle P,
et al. Features associated with cardiac abnormalities in systemic lupus
erythematosus. Lupus. (2011) 20:1518-25. doi: 10.1177/0961203311420318
Ruiz D, Oates JC, Kamen DL. Antiphospholipid antibodies and heart valve
disease in systemic lupus erythematosus. Am ] Med Sci. (2018) 355:293-
8. doi: 10.1016/j.amjms.2017.07.007

Roldan CA, Qualls CR, Sopko KS, Sibbitt WL. Transthoracic versus
transesophageal ~ echocardiography for detection of Libman-Sacks
endocarditis: a randomized controlled study. ] Rheumatol. (2008) 35:224-9.
Roldan CA, Tolstrup K, Macias L, Qualls CR, Maynard D, Charlton G,
et al. Libman-Sacks endocarditis: detection, characterization, and clinical
correlates by three-dimensional transesophageal echocardiography. ] Am Soc
Echocardiogr. (2015) 28:770-9. doi: 10.1016/j.ech0.2015.02.011

Moyssakis I, Tektonidou MG, Vasilliou VA, Samarkos M, Votteas
V, Moutsopoulos HM. Libman-Sacks endocarditis in systemic lupus
erythematosus: prevalence, associations, and evolution. Am ] Med. (2007)
120:636-42. doi: 10.1016/j.amjmed.2007.01.024

Roldan CA, Shively BK, Crawford MH. An echocardiographic study of
valvular heart disease associated with systemic lupus erythematosus. N Engl
J Med. (1996) 335:1424-30. doi: 10.1056/NEJM199611073351903

Hojnik M, George ], Ziporen L, Shoenfeld Y. Heart valve involvement
(Libman-Sacks endocarditis) in the antiphospholipid syndrome. Circulation.
(1996) 93:1579-87. doi: 10.1161/01.CIR.93.8.1579

Ziporen L, Goldberg I, Arad M, Hojnik M, Ordi-Ros ], Afek A,
et al. Libman-Sacks endocarditis in the antiphospholipid syndrome:
immunopathologic findings in deformed heart valves. Lupus. (1996) 5:196-
205. doi: 10.1177/096120339600500306

Vianna JL, Khamashta MA, Ordi-Ros J, Font J, Cervera R, Lopez-Soto A, et
al. Comparison of the primary and secondary antiphospholipid syndrome:
a European multicenter study of 114 patients. Am | Med. (1994) 96:3-
9. doi: 10.1016/0002-9343(94)90108-2

Doherty JU, Kort S, Mehran R, Schoenhagen P,
ACC/AATS/AHA/ASE/ASNC/HRS/SCAI/SCCT/SCMR/STS

Soman P.
2017

Frontiers in Cardiovascular Medicine | www.frontiersin.org

April 2022 | Volume 9 | Article 874242


https://doi.org/10.1016/S0195-668X(03)00201-X
https://doi.org/10.1007/s10554-018-1341-1
https://doi.org/10.1007/s00330-009-1544-x
https://doi.org/10.1016/j.jcct.2014.06.008
https://doi.org/10.1016/0002-8703(93)90117-R
https://doi.org/10.1148/radiology.186.1.8416562
https://doi.org/10.1161/CIRCULATIONAHA.111.083600
https://doi.org/10.2214/AJR.07.3432
https://doi.org/10.1038/nrcardio.2017.1
https://doi.org/10.1148/rg.325115727
https://doi.org/10.1007/s11886-008-0018-0
https://doi.org/10.1093/eurheartj/ehaa768
https://doi.org/10.1093/rheumatology/ket387
https://doi.org/10.3389/fcvm.2021.719523
https://doi.org/10.3390/jcm10215069
https://doi.org/10.1016/j.amjmed.2015.04.032
https://doi.org/10.1007/s00296-021-05040-w
https://doi.org/10.1177/1759720X211021676
https://doi.org/10.1055/s-2007-1022414
https://doi.org/10.1016/S0741-5214(03)00231-3
https://doi.org/10.1007/s11886-020-01314-0
https://doi.org/10.1161/01.CIR.48.5.1014
https://doi.org/10.1080/03009740802474672
https://doi.org/10.1016/S0735-1097(98)00393-3
https://doi.org/10.1007/s11926-020-00898-4
https://doi.org/10.1136/heartjnl-2016-310667
https://doi.org/10.1177/0961203311420318
https://doi.org/10.1016/j.amjms.2017.07.007
https://doi.org/10.1016/j.echo.2015.02.011
https://doi.org/10.1016/j.amjmed.2007.01.024
https://doi.org/10.1056/NEJM199611073351903
https://doi.org/10.1161/01.CIR.93.8.1579
https://doi.org/10.1177/096120339600500306
https://doi.org/10.1016/0002-9343(94)90108-2
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/cardiovascular-medicine#articles

Choi et al.

Aortic Insufficiency in Rheumatologic Diseases

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

appropriate use criteria for multimodality imaging in valvular heart disease
: a report of the American college of cardiology appropriate use criteria task
force, American association for thoracic surgery, American Heart Association,
American Society of Echocardiography, American society of nuclear
cardiology, heart rhythm society, society for cardiovascular angiography and
interventions, society of cardiovascular computed tomography, society for
cardiovascular magnetic resonance, and society of thoracic surgeons. J Nucl
Cardiol. (2017) 24:2043-63. doi: 10.1007/s12350-017-1070-1

Elagha A, Mohsen A. Cardiac MRI clinches diagnosis of Libman-Sacks
endocarditis. Lancet. (2019) 393:e39. doi: 10.1016/S0140-6736(19)30770-6
Dahl A, Schaadt BK, Santoni-Rugiu E, Bruun NE. Molecular
imaging in  Libman-Sacks  endocarditis.  Infect ~ Dis.  (2015)
47:263-6. doi: 10.3109/00365548.2014.984323

Akiyama M, Kaneko Y, Takeuchi T. Lupus aortitis: a fatal, inflammatory
cardiovascular complication in systemic lupus erythematosus. Lupus. (2020)
29:1652-4. doi: 10.1177/0961203320950017

Restrepo CS, Ocazionez D, Suri R, Vargas D. Aortitis: imaging spectrum of
the infectious and inflammatory conditions of the aorta. Radiographics. (2011)
31:435-51. doi: 10.1148/rg.312105069

Verity DH, Wallace GR, Vaughan RW, Stanford MR. Behget’s disease: from
Hippocrates to the third millennium. Br J Ophthalmol. (2003) 87:1175-
83. doi: 10.1136/bjo.87.9.1175

Geri G, Wechsler B, Thi Huong DL, Isnard R, Piette J-C, Amoura
Z, et al. Spectrum of cardiac lesions in behget disease: a series of
52 patients and review of the literature. Medicine. (2012) 91: 25-
34. doi: 10.1097/MD.0b013e3182428f49

Chikamori T, Doi YL, Yonezawa Y, Takata J, Kawamura M,
Ozawa T. Aortic regurgitation secondary to Behgets disease. A
case report and review of the literature. Eur Heart J. (1990)

11:572-6. doi: 10.1093/o0xfordjournals.eurheartj.a059752

Veilleux S-P, O’Connor K, Couture C, Pagé S, Voisine P, Poirier P, et al. What
the cardiologist should know about cardiac involvement in Behget disease.
Can ] Cardiol. (2015) 31:1485-8. doi: 10.1016/j.cjca.2015.04.030

Poppas A, Coady M. Echocardiographic findings and cardiac surgical
implications of aortitis and valvulitis in Behgets disease. ] Am Soc
Echocardiogr. (2009) 22:1275-8. doi: 10.1016/j.ech0.2009.09.017

Seo ], Song S, Suh Young J, Kim Y-J, Hong G-R, Ha J-W, et al. Contemporary
multimodality imaging for cardiovascular behget disease. JACC Cardiovasc
Imaging. (2020) 13:2435-44. doi: 10.1016/j.jcmg.2020.02.030

Song J-K, Kim M-], Kim D-H, Song J-M, Kang D-H, Lee I,
et al. Factors determining outcomes of aortic valve surgery in
patients with aortic regurgitation due to Behcet’s disease: impact of
preoperative echocardiographic features. ] Am Soc Echocardiogr. (2011)
24:995-1003. doi: 10.1016/j.echo.2011.06.006

Chae EJ, Do K-H, Seo JB, Park SH, Kang J-W, Jang YM, et al. Radiologic
and clinical findings of behget disease: comprehensive review of multisystemic
involvement. RadioGraphics. (2008) 28:e31. doi: 10.1148/rg.e31
Gornik HL, Creager MA. Aortitis. Circulation. (2008)
51. doi: 10.1161/CIRCULATIONAHA.107.760686

Cho YK, Lee W, Choi SI, Jae HJ, Chung JW, Park JH. Cardiovascular Behcet
disease: the variable findings of rare complications with CT angiography
and conventional angiography and its interventional management. ] Comput
Assist Tomogr. (2008) 32:679-89. doi: 10.1097/RCT.0b013e3181573282
Oliveira GH, Seward JB, Tsang TS, Specks U. Echocardiographic findings
in patients with Wegener granulomatosis. Mayo Clin Proc. (2005) 80:1435-
40. doi: 10.4065/80.11.1435

Morelli S, Di Castelmenardo AG, Conti F, Sgreccia A, Alessandri C, Bernardo
M, et al. Cardiac involvement in patients with Wegener’s granulomatosis.
Rheumatol Int. (2000) 19:209-12. doi: 10.1007/5002960000059

Al-Kindi S, Alaiti M, Yang M, Josephson R. Granulomatosis with polyangiitis
presenting with acute aortic and mitral regurgitation: case report and big-data
analysis. ] Heart Valve Dis. (2017) 26:103-6.

Korantzopoulos P, Papaioannides D, Siogas K. The heart in Wegener’s
granulomatosis. Cardiology. (2004) 102:7-10. doi: 10.1159/000076995
Anthony DD, Askari AD, Wolpaw T, McComsey G. Wegener granulomatosis
simulating bacterial endocarditis. Arch Intern Med. (1999) 159:1807-
10. doi: 10.1001/archinte.159.15.1807

Tarkin JM, Cole GD, Gopalan D, Flora R, McAdoo SP, Mason JC, et al.
Multimodal imaging of granulomatosis with polyangiitis aortitis complicated

117:3039-

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

by severe aortic regurgitation and complete heart block. Circ Cardiovasc
Imaging. (2020) 13:2009879. doi: 10.1161/CIRCIMAGING.119.009879
Hiratzka LE, Bakris GL, Beckman JA, Bersin RM, Carr VE Casey DE Jr, et
al. 2010 ACCF/AHA/AATS/ACR/ASA/SCA/SCAI/SIR/STS/SVM guidelines
for the diagnosis and management of patients with thoracic aortic disease:
a report of the American college of cardiology foundation/American heart
association task force on practice guidelines, American association for
thoracic surgery, American college of radiology, American stroke association,
society of cardiovascular anesthesiologists, society for cardiovascular
angiography and interventions, society of interventional radiology, society
of thoracic surgeons, and society for vascular medicine. Circulation. (2010)
121:€266-369. doi: 10.1161/CIR.0b013e3181d4739¢

Kerr GS, Hallahan CW, Giordano J, RY, Fauci AS,
Rottem M, et al. Takayasu arteritis. Ann Intern Med. (1994)
120:919-29. doi: 10.7326/0003-4819-120-11-199406010-00004

Honig HS, Weintraub AM, Gomes MN, Hufnagel CA, Roberts WC. Severe
aortic regurgitation secondary to idiopathic aortitis. Am ] Med. (1977) 63:623—-
33. doi: 10.1016/0002-9343(77)90208-X

Isomura T, Hisatomi K, Yanagi I, Shimada S, Uraguchi K, Aoyagi S, et al. The
surgical treatment of aortic regurgitation secondary to aortitis. Ann Thorac
Surg. (1988) 45:181-5. doi: 10.1016/S0003-4975(10)62433-2

Yoshikai M, Ohnishi H, Fumoto H, Furutachi A. Aneurysm of the right sinus
of valsalva after aortic valve replacement in Takayasu arteritis. | Card Surg.
(2007) 22:162-4. doi: 10.1111/j.1540-8191.2007.00362.x

Boparai N, Girgis M, Kiamanesh O, Al-Arnawoot A, Amad H, Tsang W.
Takayasu arteritis causing aortitis and aortic regurgitation: a totally tubular
case report. CASE. (2020) 5:62-6. doi: 10.1016/j.case.2020.10.009

Chung JW, Kim H-C, Choi YH, Kim SJ, Lee W, Park JH. Patterns of aortic
involvement in Takayasu arteritis and its clinical implications: evaluation
with spiral computed tomography angiography. J Vasc Surg. (2007) 45:906-
14. doi: 10.1016/j.jvs.2007.01.016

Kissin EY, Merkel PA. Diagnostic imaging in Takayasu arteritis. Curr Opin
Rheumatol. (2004) 16:31-7. doi: 10.1097/00002281-200401000-00007

Paul J-E Fiessinger J-N, Sapoval M, Hernigou A, Mousseaux E,
Emmerich ], et al. Follow-up electron beam CT for the management
of early phase Takayasu arteritis. | Comput Assist Tomogr. (2001)
25:924-31. doi: 10.1097/00004728-200111000-00015

Choe YH, Kim DK, Koh EM, Do YS, Lee WR. Takayasu arteritis:
diagnosis with MR imaging and MR angiography in acute and
chronic active stages. ] Magn Reson Imaging. (1999) 10:751-
7. doi: 10.1002/(sici)1522-2586(199911)10:5<751::aid-jmri20>3.0.c0;2-y
Belhocine T, Blockmans D, Hustinx R, Vandevivere ], Mortelmans L. Imaging
of large vessel vasculitis with 18 FDG PET: illusion or reality? A critical
review of the literature data. Eur J Nucl Med Mol Imaging. (2003) 30:1305-
13. doi: 10.1007/500259-003-1209-y

Meller J, Strutz F Siefker U, Scheel A, Sahlmann C, Lehmann K, et al.
Early diagnosis and follow-up of aortitis with [18 F] FDG PET and MRI.
Eur ] Nucl Med Mol Imaging. (2003) 30:730-6. doi: 10.1007/500259-00
3-1144-y

Webb M, Chambers A, Adil A-N, Mason JC, Maudlin L, Rahman L,
et al. The role of 18 F-FDG PET in characterising disease activity
in Takayasu arteritis. Eur ] Nucl Med Mol Imaging. (2004) 31:627-
34. doi: 10.1007/500259-003-1429-1

Nuenninghoff DM, Hunder GG, Christianson TJ, McClelland RL, Matteson
EL. Incidence and predictors of large-artery complication (aortic aneurysm,
aortic dissection, and/or large-artery stenosis) in patients with giant cell
arteritis: a population-based study over 50 years. Arthritis Rheum. (2003)
48:3522-31. doi: 10.1002/art.11353

Evans JM, O’Fallon WM, Hunder GG. Increased incidence of aortic aneurysm
and dissection in giant cell (temporal) arteritis: a population-based study.
Ann Intern Med. (1995) 122:502-7. doi: 10.7326/0003-4819-122-7-199504
010-00004

Kermani TA, Warrington KJ, Crowson CS, Ytterberg SR, Hunder GG, Gabriel
SE, et al. Large-vessel involvement in giant cell arteritis: a population-based
cohort study of the incidence-trends and prognosis. Ann Rheum Dis. (2013)
72:1989. doi: 10.1136/annrheumdis-2012-202408

Gluth MB, Baratz KH, Matteson EL, Driscoll CL, editors. Cogan syndrome: a
retrospective review of 60 patients throughout a half century. Mayo Clin Proc.
(2006) 81:483-8. doi: 10.4065/81.4.483

Leavitt

Frontiers in Cardiovascular Medicine | www.frontiersin.org

April 2022 | Volume 9 | Article 874242


https://doi.org/10.1007/s12350-017-1070-1
https://doi.org/10.1016/S0140-6736(19)30770-6
https://doi.org/10.3109/00365548.2014.984323
https://doi.org/10.1177/0961203320950017
https://doi.org/10.1148/rg.312105069
https://doi.org/10.1136/bjo.87.9.1175
https://doi.org/10.1097/MD.0b013e3182428f49
https://doi.org/10.1093/oxfordjournals.eurheartj.a059752
https://doi.org/10.1016/j.cjca.2015.04.030
https://doi.org/10.1016/j.echo.2009.09.017
https://doi.org/10.1016/j.jcmg.2020.02.030
https://doi.org/10.1016/j.echo.2011.06.006
https://doi.org/10.1148/rg.e31
https://doi.org/10.1161/CIRCULATIONAHA.107.760686
https://doi.org/10.1097/RCT.0b013e3181573282
https://doi.org/10.4065/80.11.1435
https://doi.org/10.1007/s002960000059
https://doi.org/10.1159/000076995
https://doi.org/10.1001/archinte.159.15.1807
https://doi.org/10.1161/CIRCIMAGING.119.009879
https://doi.org/10.1161/CIR.0b013e3181d4739e
https://doi.org/10.7326/0003-4819-120-11-199406010-00004
https://doi.org/10.1016/0002-9343(77)90208-X
https://doi.org/10.1016/S0003-4975(10)62433-2
https://doi.org/10.1111/j.1540-8191.2007.00362.x
https://doi.org/10.1016/j.case.2020.10.009
https://doi.org/10.1016/j.jvs.2007.01.016
https://doi.org/10.1097/00002281-200401000-00007
https://doi.org/10.1097/00004728-200111000-00015
https://doi.org/10.1002/(sici)1522-2586(199911)10:5$<$751::aid-jmri20$>$3.0.co
https://doi.org/10.1007/s00259-003-1209-y
https://doi.org/10.1007/s00259-003-1144-y
https://doi.org/10.1007/s00259-003-1429-1
https://doi.org/10.1002/art.11353
https://doi.org/10.7326/0003-4819-122-7-199504010-00004
https://doi.org/10.1136/annrheumdis-2012-202408
https://doi.org/10.4065/81.4.483
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/cardiovascular-medicine#articles

Choi et al.

Aortic Insufficiency in Rheumatologic Diseases

76. Sevgi DD, Sobrin L, Papaliodis GN. Cogan syndrome with severe
medium and large vessel vasculitis. Digit J Ophthalmol. (2015) 22:32-
4. doi: 10.5693/djo.02.2015.09.002

77. Nikiphorou E, Galloway ], Fragoulis GE. Overview of IgG4-related aortitis
and periaortitis. A decade since their first description. Autoimmun Rev.
(2020)19:102694. doi: 10.1016/j.autrev.2020.102694

78. Perugino CA, Wallace ZS, Meyersohn N, Oliveira G, Stone JR, Stone
JH. Large vessel involvement by IgG4-related disease. Medicine. (2016)
95:€3344. doi: 10.1097/MD.0000000000003344

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2022 Choi, Mathews, Paik, Corretti, Wu, Michos, Hays and Mukherjee.
This is an open-access article distributed under the terms of the Creative Commons
Attribution License (CC BY). The use, distribution or reproduction in other forums
is permitted, provided the original author(s) and the copyright owner(s) are credited
and that the original publication in this journal is cited, in accordance with accepted
academic practice. No use, distribution or reproduction is permitted which does not
comply with these terms.

Frontiers in Cardiovascular Medicine | www.frontiersin.org

April 2022 | Volume 9 | Article 874242


https://doi.org/10.5693/djo.02.2015.09.002
https://doi.org/10.1016/j.autrev.2020.102694
https://doi.org/10.1097/MD.0000000000003344
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/cardiovascular-medicine#articles

	Multimodality Evaluation of Aortic Insufficiency and Aortitis in Rheumatologic Diseases
	Introduction
	Ankylosing Spondylitis
	Systemic Lupus Erythematosus and Antiphospholipid Syndrome
	Behçet's Disease
	Granulomatosis with Polyangiitis
	Takayasu Arteritis
	Other Vasculitides
	Conclusion
	Author Contributions
	References


