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Abstract: Aortitis is aortic inflammation, which can be due to inflammatory or infectious diseases. Left

undiagnosed, aortitis can lead to aneurysm formation and rupture, in addition to ischemic compromise of

major organs. Infectious aortic diseases include mycotic aneurysm and graft infection; the most common

inflammatory diseases are Takayasu’s and giant cell arteritis. We review the epidemiology, etiology,

presentation and diagnosis, and treatment of these entities.
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Introduction

Aortitis, inflammation of the aorta, is most commonly
due to large-vessel vasculitides including giant cell and
Takayasu’s arteritis (7able 1) (1). Prompt diagnosis and
treatment with glucocorticoids is essential to avoid the
profound disability that can occur if these entities are left
untreated. Infectious aortitis is rare but life-threatening, and
in contrast to vasculitides, must be treated promptly with
antibiotics and potentially surgical or endovascular repair.
The clinical presentation of infectious and inflammatory
aortitis is variable and nonspecific, which can make
diagnosis of these disorders challenging and delayed. We
review the epidemiology, pathophysiology, presentation,
diagnosis and management of aortitis.

Infectious diseases
Mycotic aneurysms

Prevalence and etiology

Mycotic aneurysms reflect fewer than 1% of aortic
aneurysms that are surgically repaired, are more common
in men, and are more likely to rupture than non-infected
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aneurysms (2-5). Mycotic aneurysms are more likely to
occur in the aorta than other arteries (6-8). Previously,
MAs were associated with endocarditis, B-hemolytic group
A streptococci, pneumococci, and Haemophilus influenza
(8,9). Since the introduction of more targeted antibiotic
regimens, MAs are more commonly associated with
intravascular intervention and intravenous drug abuse,
and Staphylococcus and Salmonella (6,9). Syphilitic aortitis is
rare but may cause aortic wall thickening and aneurysmal
dilatation, and is typically limited to the ascending and
thoracic aorta (10).

MAs are thought to arise due to degeneration of the
arterial wall (8). MAs tend to more rapidly progress
compared with non-infected aneurysms: the acute
inflammation in response to pathogenic infection resulting
in neutrophilic infiltration of the arterial wall (4,11,12) leads
to the activation of collagenolytic and elastolytic enzymes
and concomitant breakdown and saccular dilation (13-15).
This process leads to the characteristic saccular appearance
of MAs.

Infection is due to inoculation of the arterial wall,
which may occur in the setting of iatrogenic, self-inflicted,
or traumatic arterial wall injury, or from extension of an
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Table 1 Causes of aortitis
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Inflammatory aortitis
Large-vessel vasculitis
Giant cell arteritis

Takayasu’s arteritis

Systemic lupus erythematosus, rheumatoid arthritis, HLA-B27-associated spondyloarthropathies

Other vasculitides: ANCA-associated vasculitides, Behcet disease, relapsing polychondritis, Cogan syndrome

Sarcoidosis

Other: isolated idiopathic aortitis, inflammatory aortic aneurysm, chronic peri-aortitis (e.g., retroperitoneal fibrosis)

Infectious aortitis
Bacterial
Syphilitic

Other: mycobacterial, fungal

ANCA, anti-neutrophil cytoplasmic antibody.

infectious extravascular source adjacent the arterial wall
(16,17). Bacteria may seed the arterial wall injury either
from bacteremia or septic emboli (18). Typically, infection
initiates in a nidus such as in an ulcerated atherosclerotic
plaque or in the vasa vasorum (12). The vasa vasorum is
thought to be key in the pathogenesis of MA formation; due
to its small lumen size and slower flow, it is more susceptible
to bacterial colonization (19,20). The vasa vasorum is more
pronounced in larger arteries, which may explain why the
aorta is the most common site of MA formation.

Diagnosis

Early diagnosis and rapid triage for intervention is key to
reducing mortality from MA (21,22). However, diagnosis
is challenging given the low prevalence and nonspecific
symptoms. Clinical signs may include fever and laboratory
abnormalities including elevated erythrocyte sedimentation
rate and leukocytosis (23). Bacteremia is common, though
cultures may be negative, particularly after antibiotics have
been given. Symptoms include pain or a pulsatile mass (23).
In the setting of pre-existing endocarditis, prior invasive
procedures, intravenous drug use or immunocompromise
should increase suspicion (8,24).

Non-invasive cross-sectional imaging is essential in the
diagnosis of MA. Computed tomography angiography
(CTA) has arisen as the imaging modality of choice owing
to its excellent resolution allowing for three-dimensional
reconstruction and its rapid acquisition; magnetic resonance
imaging (MRI) may also be used (25-27). Certain features
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may distinguish MA from non-infected aneurysms,
including serial imaging which may reveal rapid progression
typical of infected aneurysms. Other characteristic features
include contrast-enhancement and a saccular outpouching
configuration, whereas non-infected atherosclerotic
aneurysms tend to be fusiform (28). Saccular configuration
may also suggest imminent rupture, alerting the need for
further urgent diagnostic workup. Other features include
irregularity of the arterial wall and peri-aortic gas, edema,
mass or stranding (28). MAs also tend to have higher uptake
on FDG-PET imaging of 4.5 SUV_,,, or more compared
with non-infected aneurysms (29). FDG-PET boasts high
sensitivity and its potentially high false-positive rate can be
improved with simultaneous CT.

Treatment and prognosis

Due to its elusive presentation, MA is often difficult to
treat because of delayed diagnosis. Rapid diagnosis and
treatment is key, as aortic MA is associated with 15-50%
mortality (7-9,24). No randomized trials are available to
guide management, though treatment involves antibiotics
and surgical intervention. Antibiotics are tailored based
on culture sensitivity when available. When cultures are
not available, consultation with one’s infectious disease
specialists is suggested, as there are regional differences
in antibiotic resistance. No consensus exists regarding the
duration of antibiotic course, with some advocating for
life-long suppressive antibiotics while others suggest at
minimum a 6-8-week post-operative course (30).
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Aortic MAs usually necessitate surgical repair, with two
possible available approaches including extraanatomic
bypass (EAB) and in situ graft placement. By tradition, EAB
has been used for infrarenal aneurysms and iz situ graft
placement for thoracic or suprarenal aneurysms. While
EAB avoids graft placement within an infected field, it may
lead to aortic stump disruption, amputation, and reinfection
(2,3,21,31). Several graft materials are available for in situ
graft placement, such as silver-coated grafts, cryopreserved
arterial allografts, rifampicin-impregnated grafts, and
autogenous vein grafts (2,32-34).

Endovascular stenting is one treatment option, though
somewhat controversial: placing foreign material to an
infected site, without prior debridement, may carry a risk
of stent infection, malposition with endoleak, and potential
rupture (35). After an initial report in 1998 of endovascular
stent placement for a thoracic MA (36), a number of small
series have presented examples of successful endovascular
repair of mycotic thoracic and abdominal aneurysms,
though patients with aortobronchial and aortoenteric
fistulas have worse outcomes after repair (37,38). A large
multicenter retrospective series of endovascular repair of
130 aortic MAs in 123 patients reported 91% 1-month
survival and 75% 1-year survival at 1 year; only 6 were
converted to open repair (39). Open surgery remains the
gold standard intervention (40), though endovascular
treatment can be considered as a temporizing measure
particularly for critically ill patients (41).

Nonaneurysmal infectious aortitis

Infectious aortitis most commonly presents as a MA, though
there are case reports of nonaneurysmal infection (42).
Nonaneurysmal infectious aortitis is more difficult to
diagnose on imaging than MA, given the lack of aortic
dilation, but even so may be complicated by rupture (43,44).
A more recent case report described achieving an elusive
diagnosis of infectious nonaneurysmal infectious aortitis
by using broad-range polymerase chain reaction and
DNA sequencing, which allowed for identification of the
microbial species despite negative blood cultures (45).

Aortic graft infection

Prevalence and etiology

The incidence of graft infection after aortic aneurysm
repair is low, below 0.5%, and is equally likely with open
or endovascular repair, despite the finding that open repair
was more likely to be complicated perioperative septicemia,
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pneumonia, and surgical site infection (46). Infections
within the first 3 post-operative months are considered early
and those after 3 months are considered late. Patients with
perioperative infections are at higher risk for graft infection,
suggesting seeding by bacteremia (46). For patients
who present with infection within 3 months of repair,
contamination during endograft placement is considered
the likely source (47). Aortoenteric and aortobronchial
fistulas are a common cause of infection and portend a
poorer prognosis (Figure 1) (48). Culprit organisms include
Staphylococcus, Streptococcus and Propionibacterium species,
Enterobacter cloacae, Escherichia coli, Pseudomonas aeruginosa,
and Listeria monocytogenes (47,49).

In one study, graft infection was more common after
thoracic endovascular aneurysm repairs (EVAR) (5%)
compared to aortic aneurysm repairs (0.3%) (49), though
another study showed no significant difference in rates (47).
Emergent repairs are more likely to be complicated by graft
infection than elective procedures (47).

Diagnosis

Clinically, patients present with constitutional symptoms
including pain, fever and chills, which may prompt
suspicion for postoperative infection (49,50). Aortic graft
infections occurring more than 3 months after repair are
initially evaluated with CT or MRI, which may reveal
ectopic gas, peri-graft inflammation and fluid, thickening
of adjacent bowel, and pseudoaneurysm formation at the
graft anastomosis (51). Imaging may reveal contained
rupture or abscess formation (49). Imaging is problematic
in the first 3 months following repair, as peri-graft fluid
and inflammation may be normally present. Radionuclide
scanning, particularly with white blood cell labeling, may
helpful to diagnose early vascular graft infection (51,52).

Treatment and prognosis

Treatment approaches may be conservative with
intravenous antibiotics alone or operative in addition
to antibiotics, with surgical excision and extra-anatomic
bypass considered gold standard (48). One meta-analysis
questioned whether surgery should be the gold standard
approach (53). Another retrospective study reported that
in situ prosthetic reconstruction had better mortality rates
compared with extra-anatomic bypass (54). Though all
available data is limited to retrospective reviews and thus
subject to bias, so no conclusions can be drawn. Reported
mortality after graft infection ranges from 20% to 40%
(46,48,55).
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Figure 1 Infected graft. A 61-year-old man with history of chronic obstructive pulmonary disease, chronic low back pain and EVAR

performed 2 years prior, presented with fever and increasing back pain. (A) CT angiography demonstrates rim enhancing soft tissue
extending from the retrocrural space to the iliac bifurcation consistent with abscess; (B) coronal reformatted images demonstrate
inflammation and peri-aortic fluid at the cephalad aspect of the stent, with destruction of the adjacent vertebral body; (C) sagittal images
demonstrate the saccular configuration of the mycotic aneurysm. The patient was taken to surgery and a bilateral axillary-femoral bypass

was performed with resection of the infected stent and aorta. An aorta-enteric fistula was discovered intraoperatively. EVAR, endovascular

aneurysm repair.

Inflammatory diseases
Noninfectious vasculitis

Prevalence and etiology

Large-vessel vasculitis typically involves the aorta and
its proximal branches and is most commonly caused by
Takayasu’s disease or giant cell arteritis; more rarely, it may
be a due to Behcet’s disease, sarcoidosis, Kawasaki disease,
rheumatoid arthritis, ankylosing spondylitis, systemic
lupus erythematosus, Cogan syndrome, or Wegener’s
granulomatosis (56). It is thought that giant cell and
Takayasu’s arteritis share similar underlying pathology
mechanisms. Whereas Takayasu’s disease and giant cell
arteritis involve T cells, macrophages and antigen-presenting
cells, other vasculitides involve autoantibodies (57). As
in infectious aortitis, large-vessel vasculitis involves an
inflammatory process of the vasa vasorum, though in
contrast to MA, T cell-mediated vasculitides do not usually
lead to degeneration of the elastic lamina that would lead to
aneurysm formation (57).

Giant cell arteritis and Takayasu’s disease affect different
populations. Giant cell arteritis, carries a lifetime risk of
1% in women and 0.5% in men in the United States (58),
and nearly always presents in people over 50 years of age,
with a predilection for people of Scandinavian decent (59).
In contrast, Takayasu’s disease presents primarily in women
between 10 and 40 years of age (60,61), and predominates
in Asia while being rare in the US and Europe . It has a
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worldwide distribution, with the greatest prevalence in Asia

(60,62).

Diagnosis

Giant cell arteritis, associated with polymyalgia rheumatica,
is suspected in patients over 50 years of age with new
headache, claudication of the jaw or tongue or upon
swallowing, unexplained fever or anemia, or abrupt
visual disturbances (Figure 2). Patients are often found
on physical exam to have tender areas or nodules of the
scalp and tenderness to palpation of the temporal artery
with decreased pulsation (63). Laboratory evaluation is
nonspecific, though the C-reactive protein and erythrocyte
sedimentation rate are usually high (64). The gold standard
diagnostic test is a temporal artery biopsy, performed in
an outpatient office setting. Unilateral biopsy is usually
performed first, followed by biopsy of the contralateral
side if the first study is negative. Histologic assessment
reveals inflammation typically involving T cells and
macrophages, and is most often transmural but may also be
more localized, for example to the vasa vasorum; infiltration
by eosinophils or neutrophils is rare (65). Giant cells,
calcification, and laminar necrosis may be seen along the
internal elastic lamina. Biopsy may be falsely negative in
roughly a third of patients (66). Color Doppler ultrasound
is a noninvasive modality to assess the temporal artery, and
has been proposed by some to replace invasive biopsy (67),
though the gold standard remains histologic evaluation.
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Figure 2 Giant cell arteritis. A 79-year-old woman presented with headaches and elevated ESR. Axial images from a contrast-enhanced

CT at the level of the pulmonary artery (A) and proximal great vessels (B) demonstrate wall thickening of the aorta and great vessels; (C)

coronal and sagittal reformatted images with corresponding FDG-PET images demonstrates radiotracer uptake in the distribution of wall

thickening. Temporal biopsy diagnosed active giant cell arteritis.

Large-vessel giant cell arteritis, the form of the disease
involving the aorta, does not typically involve the temporal
arteries, resulting in false negative histology and elusive
diagnosis (68). Among patients with giant cell arteritis, two
thirds develop aortitis (69), more than 10% develop large
vessel stenosis and nearly 20% develop aortic aneurysm
and dissection (70). Large-vessel giant cell arteritis impacts
patients at a younger age (68 years) compared with cranial
giant cell arteritis (76 years). Whereas cranial giant cell
arteritis is associated with jaw claudication and headaches,
large-vessel giant cell arteritis is associated with upper
extremity claudication and asymmetric blood pressures (71).
However, these features may not be present, and rather only
constitutional symptoms noted. Large vessel involvement
may only be detected incidentally on imaging.

Whereas conventional angiography was used previously
to characterize the large vessel changes in giant cell arteritis,
noninvasive imaging with MR and CT angiography and
PET has arisen as primary modalities. Active disease is
characterized by wall thickening, mural enhancement on
venous phase imaging, and FDG-avidity; the aorta and its
proximal branches are typically involved with skip areas of
stenosis and dilation (72). MR angiography can demonstrate
mural edema, seen as T2-bright signal or T1-weighted
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enhancement, and “edema-weighted” MR angiography may
detect inflammatory changes (73). PET imaging can localize
affected vessels, and FDG-avidity is most often detected in
the aortic arch (74).

Takayasu’s arteritis (Figure 3) typically begins in the
left proximal or middle subclavian artery, but progresses
to involve the aorta and pulmonary arteries in half of
patients (75). Onset is typically subacute, beginning
with low grade fevers, fatigue, and weight loss; as the
disease progresses, signs and symptoms may include limb
claudication, decreased pulses, and discrepant blood pressures
due to involvement of the subclavian arteries, hypertension
due to involvement of the renal arteries, abdominal pain
and diarrhea due to involvement of the mesenteric arteries,
angina due to involvement of the carotid arteries or aorta,
chest pain and dyspnea due to involvement of the pulmonary
arteries, and neurologic symptoms due to involvement of the
carotid and vertebral arteries (76). Other signs and symptoms
include carotidynia, bruits, and arthralgias.

There are no diagnostic laboratory tests for Takayasu’s
disease; C-reactive protein and the erythrocyte sedimentation
rate may be elevated, but these tests are not sensitive
or specific (76). Thus, diagnosis hinges on the clinical
presentation and imaging. Conventional angiography may
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Figure 3 Takayasu’s arteritis. A 19-year-old woman presented with progressive shoulder pain, arm numbness and tingling, and progressive

dizziness with several episodes of near syncope. Initial evaluation found her CRP and ESR were elevated. CT angiography, with axial (A)

and coronal (B) reformats, and a coronal maximum intensity projection (C), demonstrates diffuse wall thickening of the aortic arch with

extension along the great vessels, classic of Takayasu’s arteritis. CRP, C-reactive protein; ESR; erythrocyte sedimentation rate.

be used when direct four-limb blood pressure measurement
is desired, or when catheter-directed therapy is planned.
Otherwise, noninvasive imaging with CT and MR
angiography is preferred, as these modalities will demonstrate
mural changes in addition to arterial stenoses (77).
Imaging findings in Takayasu’s disease are similar to those
in giant cell arteritis, with similar patterns of vascular
involvement (78). Not only are Takayasu’s and giant cell
arteritis similar on imaging; histopathological findings are
also indistinguishable (79). Therefore, diagnosis is based on
the patient age, with patients under 40 years old diagnosed
with Takayasu’s arteritis, and those over 40 years likely to
have giant cell arteritis.

Treatment and prognosis
Once giant cell arteritis is suspected, patients are treated
with glucocorticoids, regardless of whether a biopsy has
been performed, with daily prednisone regimens shown
to be more effective than alternate-day regimens (80).
Placebo-controlled studies are not possible, as the
consequences of not treating (e.g., blindness) are so dire.
If the disease is well controlled, glucocorticoids can be
tapered. The optimal method to monitor patients is not
defined, as laboratory tests are nonspecific. Relapse may be
re-treated with glucocorticoids. To treat resistant disease,
or to decrease the dose of corticosteroids, other agents
including methotrexate, tocilizumab, anti-TNF therapy,
and cyclophosphamide may be considered. Low-dose daily
aspirin is indicated in all patients with giant cell arteritis to
reduce cranial ischemic complications (81).

Studies suggest that giant cell arteritis does not carry
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a higher mortality rate compared to the unaffected
population. However, if aortic dissection or aneurysm
occurs, there is an increase in mortality with a hazard ratio
of 3.4 (82). In contrast to patients with cranial giant cell
arteritis, those with large-vessel giant cell arteritis suffer
more relapses and require high doses of corticosteroids for
longer treatment durations (71). It is unknown whether
steroid treatment impacts the course of aortitis and the risk
of developing aneurysm.

As in giant cell arteritis, the gold standard treatment
of Takayasu’s arteritis is daily oral glucocorticoids (83).
Imaging may be used to monitor treatment efficacy (84).
For resistant disease, other medications may be considered,
including methotrexate, leflunomide, mycophenolate
mofetil, tocilizumab, azathioprine, and anti-TNF agents. In
late cases with irreversible arterial stenosis, revascularization
may be considered if there are ischemic symptoms.
Angioplasty is preferred to stent placement and can be
effective in aortic stenosis to improve and ankle-brachial
index and symptoms (85). Takayasu’s arteritis is chronic and
progressive, with periods of remissions and exacerbations.
Five-year survival is roughly 90% (86). Among patients who
require revascularization, 20-year survival is nearly 75% (87).

Inflammatory aortic aneurysm

Inflammatory aortic aneurysm is a noninfectious entity,
representing up to 10% of abdominal aortic aneurysms,
distinguished from atherosclerotic aneurysms by the extent
of peri-aortic fibrosis and mural thickening (88). The
etiology of inflammatory aortic aneurysm is unknown,
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though roughly half of cases may be due to IgG4-related
disease, and thus related to mediastinal or retroperitoneal
fibrosis (89). Clinically, inflammatory aneurysm may present
with back pain, weight loss, fatigue, and elevated erythrocyte
sedimentation rate, more commonly in men (90).
Classic imaging findings include a low density, mildly
enhancing soft tissue mass anterolateral to and surrounding
the calcified aortic wall (91). When rupture occurs,
inflammatory aortic aneurysms may confer a higher operative
mortality compared with atherosclerotic aneurysms (92).
Inflammatory and atherosclerotic aneurysms are managed
similarly, with either surgical or endovascular repair.
Endovascular repair of inflammatory aneurysms can decrease
early post-operative mortality rates, though persistent peri-
aortic inflammation can lead to associated morbidity such as
renal failure due to hydronephrosis (93).

Conclusions

Aortitis may be due to infectious or inflammatory causes,
and primarily involves the vasa vasorum. All entities can
result in nonspecific constitutional symptoms, and diagnosis
can be elusive. Any localizing symptom should raise
suspicion and prompt work up with cross sectional imaging,
which can detect inflammation of the aortic wall and other
findings suggesting particular diagnoses. Also, a careful
history may reveal associated symptoms, such as headache in
giant cell arteritis, or potential infectious sources in mycotic
aneurysm. Differentiating infectious and inflammatory
aortitis is essential, as infectious causes require intervenous
antibiotics and surgical intervention whereas inflammatory
aortitis is treated with corticosteroids. Early diagnosis is
essential, as delays in treatment result in grave outcomes.
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