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ABSTRACT - Takayasu arteritis (TA) is a rare idiopathic inflammatory disease of large size arteries, primari-
ly affecting young women. Vasculitic lesions might cause arterial steno-occlusions or dilatation with significant
morbidity and mortality. TA rarity may result in its frequent under-recognition and diagnostic delays. Key disease
features are systemic inflammation, arterial inflammation and remodelling. They may not always occur together
and are differentially targeted by therapies. Accordingly, serial imaging studies are required for exhaustive activ-
ity assessment and patient follow-up. The present review provides a practical approach to most frequent clinical
pitfalls, including diagnosis, activity assessment, the use of imaging, and the therapeutic approaches, and high-
lighs the most important unmet needs.
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INTRODUCTION

Takayasu arteritis (TA) is an idiopathic systemic disease characterised by patchy wall inflammation and
thickening of large-sized arteries such as the aorta, the pulmonary arteries and their main branches®3.
Vasculitic lesions might undergo luminal remodelling resulting in arterial steno-occlusions (in more
than 90% of patients) or, more rarely, in dilatations such as ectasias or aneurysms (in up to a quarter
of patients)*®.

TA is a rare disease, frequently overlooked in the general medical audience and for which scarce
good-quality evidence available. The scope of the present review is to summarise the state-of-the-art of
the clinical practice of patients with TA, and to highlight the most important unmet needs.

NATURAL HISTORY

The traditional view of the natural history of TA identifies three phases: i) a systemic inflammatory phase,
characterised by constitutional symptomes, ii) the vascular phase, characterised by vascular symptoms
due to inflammation and progressive stenoses or dilatations, and ii) the fibrotic phase, characterised by
burn-out disease. However, these phases may not be present or be consequential in all patients, and
different arterial lesions in different phases frequently coexist in the same patients. Rather than distinct
disease phases, they might be viewed as different pathogenic features, represented by systemic inflam-
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mation, vascular inflammation and tissue remodelling. Accordingly, TA history might be simplified as an
inflammatory phase that spontaneously tends to enter into a long-lasting remission.

The active, inflammatory phase has variable time-length and tendency to recur, being monophasic in
about a quarter of patients and polyphasic in the remaining subjects, where it typically lasts months to
many years*. It is believed that luminal remodelling typically occurs during the phases of active disease
and persists during subsequent remission. However, there are exceptions to this general rule, that will
be detailed below.

EPIDEMIOLOGY AND GENETICS

TA is a rare condition, with an average incidence of about 0.5-3/10%*year®®?!, Young females in the
reproductive age are most frequently affected, with a male to female ratio of about 1:8. The peak inci-
dence occurs in the third decade of life, and TA is classically view as a young-limited condition. Accord-
ingly, the American College of Rheumatology (ACR) 1990 classification criteria recognize an age below
40 years old as an important criterion for prototypic TA. Paediatric-onset TA represents the third most
incident vasculitis in this age group®. Evidence shows that paediatric patients more frequently have
constitutional symptoms and involvement in the aorta and renal arteries®®?*, and might have a more
severe course®. At the other end of the spectrum, the age at onset of 50 years has been proposed as a
watershed to distinguish TA and giant-cell arteritis (GCA), which is an elderly-limited condition. Howev-
er, there are subjects in which large-vessel vasculitis ensued beyond this age that lack specific features
of GCA (such as cephalic involvement or polymyalgia rheumatica), while presenting clinical features
similar to TA patients. These patients with elderly-onset TA might represent up to 15-20% in some TA
cohorts??’,

TA is diffuse across all ethnic groups, although a higher disease prevalence is described in the Asian
countries®. Familiar clustering of TA is rare, although relatives of affected patients may suffer from oth-
er systemic autoimmune conditions including systemic lupus erythematosus or rheumatoid arthritis.
Genetic studies have identified risk factors for TA: some of these might depends on the population of
interest, whereas others -most notably HLA B-52- have been confirmed in multiple ethnicities?®%.

HISTOLOGY AND PATHOGENESIS

Pathogenic insight on TA is scarce and hampered by disease rarity and difficulties in obtaining arterial
specimens. Most of knowledge derives from studies on GCA, another vasculitis affecting the wall of
large-and medium sized arteries. Unfortunately, relevant clinical and epidemiological differences exist
between GCA and TA, and it is debated whether these two conditions should be considered the spec-
trum of the same disease.

Broadly speaking, the three main pathogenic components of TA are systemic inflammation, arterial
inflammation and tissue remodelling. The cellular and molecular events underlying these three occur-
rences are poorly understood. Most studies have focused on vascular inflammation and have shown
that arteries are critical anatomical structures endowed with intrinsic tolerogenic properties that have
been collectively referred as “arterial immune privilege”. Despite resting arteries do not contain leu-
kocytes but resident vascular dendritic cells (vDCs), active TA lesions shows inflammatory infiltrates in
all the tree vascular tunicas, which are composed of dendritic cells (DCs), CD4+ and CD8+ T cells, yo T
cells, NK cells, B cells, and macrophages, frequently structured in typical granulomas, which may contain
multinucleated giant-cells3%3,

Several mechanisms may contribute to overcome arterial tolerance®. These include i) activation of
vDCs by toll-like receptors, ii) increased permeability and a pro-inflammatory phenotype of vasa-va-
sorum endothelium334, iii) defective PD1/PDL1 inhibitory checkpoint®, and iv) ineffective anti-inflam-
matory T function®®. Once arterial tolerance is lost and the arterial wall has become permissive to
inflammation and leukocyte recruitment, wall-infiltrating T-cells and macrophages are the main drivers
of persistent arterial inflammation, injury, and tissue remodelling. CD4* cells appear to differentiate to-
wards T, 1 and T, 17 phenotypes. Tissue injury and remodelling might result from the activity of infiltra-
tion macrophages producing reactive oxygen species (ROS) and growth factors such as platelet-derived
and vascular-endothelial growth factor (PDGF and VEGF). Histologically, this is reflected by vasa-va-
sorum neoangiogenesis, degradation of elastic fibres, laminar necrosis, smooth muscle degeneration,
intimal hyperplasia, and wall fibrosis3*%’,
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CLINICAL FEATURES

Clinical features of TA (Table 1) can be classified into three main domains, namely systemic inflamma-
tion, vascular involvement, and extra-vascular involvement. Vascular manifestations frequently repre-
sent the central and most cumbersome features. Here, the clinical features will be described in correla-
tion with the three disease domains:

Table 1. Clinical manifestations of Takayasu arteritis.

Systemic inflammation  Arterial involvement Extra-arterial involvement
Fever - Arterial steno occlusions - Erythema nodosum-like
- Fatigue - Anisosphygmias/BP inequalities nodules
- Serositis - Vascular bruits - Pyoderma gangrenous
- AA amyloidosis - Limb claudication - Peripheral arthritis
- Atypical aortic coartation - Axial arthritis and sacroileitis
- Renovascular hypertension - Inflammatory-bowel diseases
- Angina abdominis - Mouth ulcers
- CAD - Uveitis
- TIA/stroke - Scleritis/episcleritis
- Arterial aneurysms - Myocarditis
- Arterial inflammation - Granuloumatous lymphadenitis
(eg: arteriodynia) - Sarcoidosis

- Aortic valvulitis and regurgitation
- Secondary (accelerated)
atherosclerosis

Legend: CAD= coronary artery disease, TIA= transient ischemic attack.

Systemic inflammation. Systemic inflammatory features such as fever, fatigue and raised acute-phase
reactants frequently characterise the active phases of TA, both at disease onset and during flares.
However, systemic inflammation has generally the maximal intensity at disease onset and before
implementation of adequate therapies. Subjects with very high spiking systemic inflammation might
experience serositis or serosal effusions. At the other end of the disease spectrum, up to 10-15% of
subjects with typical arterial involvement fail to show a demonstrable systemic inflammation or a
flu-like syndrome at disease onset or during previous months2. If significant systemic inflammation
persists long enough, secondary amyloidosis (AA-amyloidosis) may ensue®. However, this occurrence
is becoming anecdotal due to advances in therapy and diagnosis.

Vascular involvement. Patchy arterial wall lesions characterised by inflammation and wall thicken-
ing represent the core feature of TA. Their distribution in the arterial tree is variable from patient
to patient with obvious consequences on the clinical picture. Arterial wall thickening is per se as-
ymptomatic, and vascular manifestations derive from active arterial inflammation or from luminal
abnormalities (either steno-occlusion or dilatation). Arterial wall inflammation might result in pain
in the actively inflamed arteries (known as “arteriodynia”). Arterial steno-occlusions might lead to
anisosphygmias/inequalities in blood pressure among different arterial districts, vascular bruits, pul-
monary hypertension or end-organ ischemia manifested by limb claudication, myocardial infarction,
stroke, angina abdominis or renovascular hypertension. Collateral circulation is an important protec-
tive mechanism in specific arterial districts, most notably the limbs, the splanchnic organs and the
CNS. A third group of vascular manifestation is a consequence of arterial ectasias or aneurysms. The
aorta is the most frequent and clinically relevant site of arterial dilatation in TA. Associated clinical
features might be aortic valve regurgitation, aneurysm rupture/dissection and compression of ad-
jacent structures. In a minority of subjects, aortic valve regurgitation is independent of dilatation of
the aortic root and is due to valvulitis and fibrous retraction of the valve cups®®. Despite most vascu-
lar features of TA are directly related to arterial lesions, some complications may have a more com-
plex, multifactorial pathogenesis: TA patients have an increased prevalence of arterial hypertension
and suffer from accelerated atherosclerosis. For both conditions, multiple mechanisms have been
proposed, ranging from concomitant therapies such as steroids, renin secretion by hypoperfused
kidneys, abnormal baroreceptor reflex and reduced arterial compliance to local flow disturbances
and the pro-atherogenic effect of paracrine and systemic inflammation.
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e Extra-vascular involvement, Some patients with TA show extra-arterial involvement such as myocar-
ditis't, non-erosive arthritis'?, granulomatous lymphadenitis, uveitis/scleritis, or skin disorders such
as erythema nodosume-like inflammatory nodules or pyoderma gangrenosum during active vascu-
litis phases®®. Other patients (about 15-20% of TA) may experience the coexistence of other auto-
immune conditions, whose clinical course might not parallel that of vasculitis'>. These conditions
include inflammatory bowel diseases such as ulcerative colitis or Crohn’s disease!*?¢, sacroileitis/
spondylitis?’, sarcoidosis'®?%, relapsing polycondritis, and anti-phospholipid syndrome?2. It is unclear
whether large-vessel vasculitis in these subjects has a specific clinical course or response to medica-
tions, implying a differentiation from “typical” TA. Behcet’s disease (BD) has been reported among
comorbidity of TA, although this condition is known to affect vessels of variable size and, therefore,
large-vessel vasculitis can be considered a manifestation of the primary disease.

DISEASE HETEROGENEITY

Major heterogeneity exists among affected patients, in terms of severity of arterial involvement, dis-
tribution of lesions within the arterial tree, coexistence of systemic and arterial inflammation, and re-
sponse to medications.

The subclavian arteries are the most frequently involved vessels, followed by the aorta and the ca-
rotid arteries, with a tendency towards a paired bilateral involvement of symmetric vessels*>33%, The
mechanisms explaining disease heterogeneity are poorly understood. A puzzling feature is the segmen-
tal nature of arterial inflammation and its profound heterogeneity between patients. Definitive explana-
tion for these findings is lacking, but it has been hypothesized that these might reflect the spatial differ-
ences existing among resident vDCs and among their surface expression of activating innate immunity
receptors. Indeed, it has been shown that the portfolio of receptors expressed by resident vDCs has
spatial specificity*®. Accordingly, experimental vasculitis elicited by specific vDCs-activating stimuli has a
spatial distribution consistent with the expression of cognate receptors by these cells*.

DIAGNOSIS

TA patients frequently experience substantial diagnostic delays with detrimental effects on prognosis*.
Lack of clinical suspicion is a frequent cause of delays and thus it is important to improve disease’s
knowledge among physicians. Table 2 lists the red flags for TA that should trigger further diagnostic
workup.

Table 2. Red flags for TA.

Red flags for Takayasu arteritis in a young patient

Arterial wall thickening at imaging
Arterial bruits/BP inequalities
Arterial occlusions
Multifocal arterial stenosis and/or dilatation
Smooth arterial wall thickening
Arterial wall inflammation

There is no diagnostic marker for TA and multiple diagnostic or classification criteria have been pro-
posed for TA*2. However, their utility in the clinical practice is limited, as they are designed mainly for
studies or for patients with advanced disease and significant arterial remodelling. Accordingly, diagnosis
is obtained by the combination of clinical features and imaging findings (Figure 1). Diagnosis might be
puzzled by the high heterogeneity in the potential presentation of TA*3. However, in our experience, TA
presentation can be ascribed to the following three main clinical patterns:

1) Fever or a systemic inflammatory syndrome of unknown origin in a young patient.
2) Arterial stenosis or occlusion unrelated to atherosclerosis or fibromuscular dysplasia.
3) Imaging findings of arterial wall thickening or inflammation.
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Figure 1.

Irrespectively of the pattern of presentation and of the recognition of red flags that trigger the sus-
picion of TA, the crucial finding for its diagnosis is arterial involvement. In other words, systemic inflam-
mation is unspecific, and the diagnosis of TA requires a careful assessment of arterial findings and its
characteristics, which need to be considered at the light of demographics and other clinical features. In
general, some important features in the diagnostic process are:

a) Coexistence of otherwise unexplained systemic inflammation in a patient with arterial steno-occlu-
sion or aneurysms. This occurrence is highly suspicious for idiopathic vasculitis, being infective aortic
aneurysm one of the prominent differential diagnosis;

b) Presence of intense arterial wall inflammation, which heralds idiopathic or secondary vasculitis;

c) The distribution of arterial lesions in the arterial tree. Confidence for TA is increased if arterial lesions
are multifocal and affect sites typically involved by TA but not by atherosclerosis or fibromuscular
dysplasia. Coexistence of multiple stenoses and dilatations in different arterial sites is considered to
have the highest specificity although it is present only in a minority of subjects. Post-stenotic dilata-
tions are unspecific and should not be considered at the purpose;

d) The features of vascular lesions at imaging. Despite a patchy distribution, TA lesions are typically long
(eg, more than 2-4 cm) and smooth (Figure 1). Arterial wall thickening is another important feature,
and it is typically circumferential and symmetric or mildly eccentric in TA;

e) Young age at onset. Vascular abnormalities consistent with TA but developed after 50 years of age
should be carefully differentiated from atherosclerosis or giant-cell arteritis;

f) Absence of peri-arterial inflammation, which might be a marker of peri-arteritis such as chronic
peri-aortitis, IgG4 related disease or Erdheim-Chester disease.

Differential diagnosis of TA includes other vascular such as including atherosclerosis, fibromuscular
dysplasia, and primary or secondary vasculitis like giant-cell arteritis, Behcet’s disease, Cogan’s disease,
and infective vasculitis. The latter should be considered in the presence of systemic inflammation and
specific risk factors such as an immunocompromised status or concomitant infections. The most com-
mon aetiology is bacterial, including luetic and tubercular aetiologies***. Differentiation from infective
vasculitis requires blood cultures (which have sensitivity of about 10%), serology or mycobacterium test,
assessment of imaging features (localised involvement with arterial wall erosion, mycotic aneurysms,
intraluminal thrombus, perivascular inflammation and lymphadenopathies are suggestive of infectious
aetiology) as well as screening for other infectious foci.

Atherosclerosis is a chronic inflammatory disease of arteries and may present grumbling arterial
inflammation and arterial wall thickening at imaging. Differentiation from TA is based on age at onset,
assessment of atherosclerosis risk factors, patterns of distribution in the arterial tree and imaging char-
acteristics (focal involvement, with highly eccentric wall thickening, wall calcification, evidence of a lipid
core, and absence of intense mural inflammation are suggestive of atherosclerosis)*®.
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Fibromuscular dysplasia is a segmental, idiopathic, non-inflammatory disease of the medium-sized
arteries primarily affecting young women*. Arterial stenosis is the most typical feature, while associat-
ed manifestations include aneurysms, dissection and tortuosity which can be ascribed to fibromuscular
dysplasia only if in the presence of a typical stenosis in another arterial district. Segmental stenosis is
either focal or multifocal (in this case typically arranged in a string of beads alternation of stenosis and
dilatation). Although all medium-sized arteries might be involved, renal and extra-cranial cerebrovascu-
lar circulation are the districts most frequently involved*’. Multivessel involvement may occur in 30-55%
of subjects?. Differentiation from TA is based on a) the absence of systemic or arterial inflammation, b)
absence of involvement of the aorta and the main pulmonary artery, and on the presence of c) highly
asymmetric wall thickening and d) focal or multifocal stenoses, compared to tapered stenoses and an-
eurysms and long and smooth arterial wall thickening of TA.

PROGNOSIS

TA impacts significantly on patients’ prognosis with significant morbidity and mortality. Morbidity is
mainly related to fatigue, arterial hypertension, ischemic complications (affecting limbs, the heart, the
CNS/eye, the kidney, the splanchnic circulation, or the lung with pre-capillary pulmonary hyperten-
sion), heart failure due to multiple mechanisms (valvular, ischemic, hypertensive), and consequences
of chronic therapies and a sedentary lifestyle®>*. Mortality in the US is about 15% at 15 years*?, which
is highly than expected considering the young age of patients. In Europe a better survival rate has been
observed, although at a shorter follow-up®. Deaths are primarily attributed to cardiovascular complica-
tions (myocardial infarction, stroke or arterial rupture/dissection)®.

THERAPEUTIC STRATEGIES

TA is a systemic condition. Accordingly, medical therapy represents the cornerstone of active disease,
while interventional and surgical procedures have an ancillary role limited to specific situations.
Evidence about TA management is poor and current recommendations from the European League
Against Rheumatism (EULAR) and the American College of Rheumatology (ACR)*%%?, are based mainly
on observational or retrospective studies, while randomized clinical trials have been published only for
tocilizumab and abatacept.

Steroids represents the mainstay of therapy®®®. Virtually all patients respond to adequate glucocorti-
coid doses (40-60 mg/die of prednisone-equivalents). Lower doses might be required for milder cases, while
severe complications such as myocarditis or vital organ ischemia might require pulse intravenous therapy.
Once remission has been obtained, steroids are usually tapered down to the minimum dose effective for
preventing disease relapses. There is no trial evaluating the best tapering scheme®, and we usually reduce
the steroid dose of about 5 mg/die of prednisone equivalents every other week until the dose of 20 mg/die,
then 2.5 mg/die every other week until 10 mg/die, followed by 2.5 mg/die every 4 weeks until discontinua-
tion or flare®. Disease relapses occurs in about 60-80% of subjects on steroid monotherapy®2. Accordingly,
it is generally accepted that all patients with active TA should be offered a combination of steroids and one
steroid-sparing agent. Subjects with burn-out disease may not benefit for any immunological therapy.

Low-dose methotrexate (e.g. 15-25 mg/week) is the most widely used steroid-sparing agent for main-
taining TA remission®3. Other conventional synthetic DMARDs that have been used are azathioprine,
mofetil mycophenolate and leflunomide®*°%>4, Some centres use cyclophosphamide, mainly through
the intravenous route, for severe disease complications (e.g. myocarditis), but pulse steroid aishighly
effective and it is unclear if cyclophosphamide-containing regimens confer actual advantages.

Disease flares or grumbling activity may occur in about a third of subjects treated for five years with a
combination with steroids and conventional synthetic DMARDs>®. Tumour-necrosis factor (TNF) blockers
have been used for these subjects with good results®®>5>8, Observational studies suggest that all TNF
blockers might be effective, despite some concerns about the efficacy of etanercept in other granulo-
matous conditions®®. Most available data refers to infliximab and adalimumab?®®. Interleukin-6 blockage
with tocilizumab may be another valid alternative for patients refractory to traditional combinatory
therapies®. However, a small randomized clinical trial on 36 patients with relapsing TA showed a dif-
ference in the primary outcome (time to relapse) only in the per protocol analysis and not in the inten-
tion-to-treat analysis®l. An important drawback of tocilizumab for TA is that disease response might not
parallel that of systemic inflammation®®®2, implying the central role of imaging in the follow-up of these
patients. Other agents have been studied for refractory TA: a randomized controlled trial with abatacept
failed to identify an improvement in the relapse-free survival in the treatment arm®. Preliminary obser-
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vational studies with B-cell depletion by rituximab and with the anti-IL12/IL23 agent ustekinumab are
limited by the small number of enrolled subjects. Experience with JAK inhibitors such as tofacitinib has
been reported recently®* %8, In an observational prospective trial, tofacitinib was associated with lower
relapse rate and significant steroid sparing as compared to methotrexate®.

INTERVENTIONAL AND SURGICAL

Considering that TA prognosis is mainly related to organ ischemias and aneurysms, interventional pro-
cedures — either endovascular or surgical- have been proposed to restore normal blood flow and avoid
further complications. However, procedures in TA patients are limited by worse outcomes than those
performed for other arterial disorder such as atherosclerosis®®74, Technical difficulties are increased,
because of potential difficulties in crossing long stenoses in thickened and stiff arteries by guidewires,
in arterial dilatation without causing dissection upon endovascular, and in identifying proximal or distal
arterial segments suitable for a vascular anastomosis. Late complications are one of the main concerns
in these patients, and include restenosis or peri-anastomotic aneurysms®73, It is believed that inflamed
arteries are at higher risk of undergoing post-procedural remodelling and it has been shown that per-
forming vascular procedures during disease remission and the use of post-procedural immunosuppres-
sive therapies improves the long-terms outcomes’>’®, The role of bare-metal as well as of drug-eluting
stents remains to be defined, due to concerns about long-term patency’.

Given the high technical difficulties and a specific increase in late complications, interventional pro-
cedures are considered only in selected cases, where they play an ancillary role to medical therapy. The
decision about undergoing interventional procedure and the choice between endovascular manoeuvre
or vascular surgery should be performed only in referral centres, and depends on local expertise and on
the type of vascular complication. Nowadays, indication to vascular intervention is limited to aneurysms
at risk of rupture/dissection, aortic valve regurgitation and severe arterial stenosis resulting in ischemia in
vital organs for which medical therapy has failed or might be too late (eg, acute-coronary syndromes and
acute stroke with very severe sovra-aortic involvement). Once interventional procedures are necessary,
it is advisable to induce disease remission and to continue immunosuppressive agents in the follow-up’®.

ACTIVITY ASSESSMENT

A crucial feature in the management of TA patients is the assessment of disease activity. Although a
detailed discussion of the topic is beyond the scope of this review, this remains an unresolved pitfall in
the field. Studies have shown that acute-phase reactants may be inaccurate in up to a half of cases and
that progressive arterial involvement may occur in the absence of significant systemic inflammation?2.
Despite other biomarkers are being studied’®®*, none of them has entered in the clinical practice so
far, nor is foreseen to enter in the close future. Further research with improved pathogenic insight is
required in order to identify specific marker of selected pathogenic events.

IMAGING

Imaging represents an essential requirement for the modern management of TA. Imaging is crucial both
at diagnosis and during follow-up®. Multiple imaging modalities are available, potentially providing com-
plementary information. Imaging techniques can be classified according to invasiveness, the capability of
provide morphological data and/or functional data on biological activity of the arterial wall, and on repro-
ducibility and operator-dependency. At disease diagnosis, imaging has the following roles: a) assisting the
diagnostic process by identifying specific signs of arteritis and excluding potential differentials; b) defining
the extent and distribution of arterial involvement; c) helping to define disease activity; d) assessing the se-
verity of arterial remodelling and helping to evaluate potential lesion requiring interventional techniques.
During follow-up, imaging is intended to: a) monitor the morphology of arterial involvement (to identify
new or worsening arterial lesions and b) identify signs of activity in the arterial wall.

Arterial morphology can be evaluated by digital subtraction angiography, computed tomography angiogra-
phy (CTA), magnetic resonance angiography (MRA, Figure 1), and ultrasonography (US). Digital subtraction angi-
ography has the highest spatial resolution but is invasive and does not provide information on the arterial wall.
Its use is mainly limited to cases requiring endovascular procedures. CTA and MRA provide anatomical images of
arterial lumen and may be used to study the arterial wall. Prospective follow-up has revealed that up to a third
of lesions might undergo improvement with therapy?®. Arterial wall characterisation by CTA and MRA might
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include functional data about post-contrast enhancement, usually reflecting active inflammation or, in the case
of gadolinium-containing contrast media, fibrosis (Figure 1B). Moreover, MR might characterise arterial wall oe-
dema by T2-weighted and/or diffusion-weighted images®’. US can provide anatomical images of arterial lumen
and wall, is widely available and easy to perform. US can study the blood flow at point of involvement as well
as up/downstream, allowing to define the haemodynamic impact of arterial wall lesion. Spatial resolution and
accuracy depends not only on operator skills, but also on arterial districts, and its role is important especially for
highly accessible arteries such as subclavian and carotid arteries®®. Positron emission tomography (PET) provides
functional images that depends on the radiotracer used for the scan, most commonly [*®F]-florodesoxyglucose
(FDG). FDG uptake in the arterial wall is believed to reflect inflammation, although arterial diameter and the
presence of arterial graft might be important confounding factors®#. Concurrent therapy is another important
variable®, as steroid doses used to induce LVV remission at diagnosis may conceal pathological arterial uptake
in a few days®’. Accordingly, the role of FDG-PET in the follow-up of TA patients remains debated and accuracy
for identifying active vasculitis is only moderate®>%. Pathological FDG uptake has been frequently observed in
clinically inactive patients on treatment despite higher composite PET scores have been associated with a higher
incidence of subsequent relapses®*. Further research is required about the role of the uptake of FDG and of
other promising radiotracers for the diagnosis and follow-up of TA%",

CONCLUSIONS

Takayasu arteritis is a rare condition affecting young women with significant morbidity and potential mor-
tality. Despite low-quality evidence, current therapies are effective in preventing the occurrence of new
severe complications. Therefore, medical awareness about this condition is important to reduce diagnos-
tic delays with significant improvement in patients’ prognosis. After diagnosis, patients should be followed
in referral centres to optimise follow-up and management with medical and interventional therapies.
FUNDING:

This work was supported by the Fondazione Roberto Confalonieri.

CONFLICT OF INTERESTS:
The authors have no conflict of interest to declare

AUTHOR CONTRIBUTION:

ET and PSP conceived the study, ET drafted the manuscript, PSP supervised and made critical revisions related to relevant intel-
lectual content of the manuscript; all authors provided validation and final approval of the version of the article to be published.

REFERENCES

1. Mason JC. Takayasu arteritis-advances in diagnosis and management. Nat Rev Rheumatol 2010; 6: 406-15.

2. Tombetti E, Mason JC. Takayasu arteritis: Advanced understanding is leading to new horizons. Rheumatol (United Kingdom)
2019; 58: 2.

3. Jennette JC, Falk RJ, Bacon PA, Basu N, Cid MC, Ferrario F. 2012 revised International Chapel Hill Consensus Conference
Nomenclature of Vasculitides. Arthritis Rheum 2013; 65: 1-11.

4. Kerr GS, Hallahan CW, Giordano J, Leavitt RY, Fauci AS, Rottem M, Hoffman GS. Takayasu arteritis. Ann Intern Med 1994; 120: 919-29.

5. Maksimowicz-McKinnon K, Clark TM, Hoffman GS. Limitations of therapy and a guarded prognosis in an American cohort of
Takayasu arteritis patients. Arthritis Rheum 2007; 56: 1000-9.

6. Park MC, Lee SW, Park YB, Chung NS, Lee SK. Clinical characteristics and outcomes of Takayasu’s arteritis: analysis of 108
patients using standardized criteria for diagnosis, activity assessment, and angiographic classification. Scand J Rheumatol
2005; 34: 284-92.

7. Mwipatayi BP, Jeffery PC, Beningfield SJ, Matley PJ, Naidoo NG, Kalla AA, Kahn D. Takayasu arteritis: clinical features and
management: report of 272 cases. ANZ J Surg 2005; 75: 110-7.

8. Tombetti E, Manfredi A, Sabbadini MG, Baldissera E. Management options for Takayasu arteritis. Expert Opin Orphan Drugs
2013; 1: 685-93.

9. Kos |, Stilgenbauer S, Bewarder M. Renal AA amyloidosis leading to early diagnosis and treatment of takayasu arteritis: a case
report and review of the literature. Clin Res Cardiol 2020; 109: 1438-1441.

10. Zhang Zhang Y, Fan P, Zhang H, Ma W, Song L, Wu H, Cai J, Zhou X. Surgical Treatment in Patients With Aortic Regurgitation
Due to Takayasu Arteritis. Ann Thorac Surg 2020; 110: 165-71.

11. Bechman K, Gopalan D, Nihoyannopoulos P, Mason JC. A cohort study reveals myocarditis to be a rare and life-threatening
presentation of large vessel vasculitis. Semin Arthritis Rheum 2017; 47: 241-6.

12. Esatoglu SN, Ok AM, Ucar D, Celik AF, Ugurlu S, Hamuryudan V, Yazici H, Seyahi E. Takayasu’s arteritis: associated inflammatory
diseases. Clin Exp Rheumatol 2020; 38: 61-8.

13. Chasset F, Frances C. Cutaneous Manifestations of Medium- and Large-Vessel Vasculitis. Clin Rev Allergy Immunol 2017; pp. 452-68.

14. Sy A, Khalidi N, Dehghan N, Barra L, Carette S, Cuthbertson D, Hoffman GS, Koening CL, Langford CA, McAlear C, Moreland
L, Monach PA, Seo P, Specks U, Sreih A, Ytterberg SR, Van Assche G, Merkel PA, Pagnoux C; Vasculitis Clinical Research Con-
sortium (VCRC); Canadian Vasculitis Network (CanVasc). Vasculitis in patients with inflammatory bowel diseases: A study of
32 patients and systematic review of the literature. Semin Arthritis Rheum 2016; 45: 475-82.



9

TAKAYASU ARTERITIS: RECENT ADVANCES AND CLINICAL PITFALLS

15.

16.

17.

18.

19.

20.
21.

22.

23.

24.

25.

27.

28.

29.
30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.
42.
43,

de Almeida Martins C, Caon AER, Facanali CBG, Sobrado CW, Nahas SC, Pereira RMR, Margalit-Yehuda R, Kopylov U, Queiroz
NSF. Coexistence of Takayasu’s Arteritis in Patients with Inflammatory Bowel Diseases. Gastroenterol Res Pract 2021; 2021:
8831867.

T erao C, Matsumura T, Yoshifuji H, Kirino Y, Maejima Y, Nakaoka Y, Takahashi M, Amiya E, Tamura N, Nakajima T, Origuchi T,
Horita T, Matsukura M, Kochi Y, Ogimoto A, Yamamoto M, Takahashi H, Nakayamada S, Saito K, Wada Y, Narita I, Kawaguchi
Y, Yamanaka H, Ohmura K, Atsumi T, Tanemoto K, Miyata T, Kuwana M, Komuro |, Tabara Y, Ueda A, Isobe M, Mimori T,
Matsuda F. Takayasu arteritis and ulcerative colitis: high rate of co-occurrence and genetic overlap. Arthritis Rheumatol 2015;
67: 2226-32.

Kwon OC, Lee SW, Park YB, Oh JS, Lee SH, Hong S, Lee CK, Yoo B, Kim YG. Extravascular manifestations of Takayasu arteritis:
focusing on the features shared with spondyloarthritis. Arthritis Res Ther 2018; 20: 142.

Chapelon-Abric C, Saadoun D, Marie I, Comarmond C, Desbois AC, Domont F, Savey L, Cacoub P. Sarcoidosis with Takayasu
arteritis: a model of overlapping granulomatosis. A report of seven cases and literature review. Int J Rheum Dis 2018; 21:
740-745.

Saha BK, Burns SL, Foulke LA, Judson MA. Coexistent Takayasu arteritis and sarcoidosis: a case report and review of the
literature. Sarcoidosis, Vasc Diffus lung Dis Off ] WASOG 2019; 36: 311-7.

Onen F, Akkoc N. Epidemiology of Takayasu arteritis. Press Medicale 2017; 46: €197-203.

Rutter M, Bowley J, Lanyon PC, Grainge MJ, Pearce FA. A systematic review and meta-analysis of the incidence rate of Takaya-
su arteritis. Rheumatology (Oxford) 2021; 60: 4982-4990.

Barut K, Sahin S, Kasapcopur O. Pediatric vasculitis. Curr Opin Rheumatol 2016; 28: 29-38.

Aeschlimann FA, Barra L, Alsolaimani R, Benseler SM, Hebert D, Khalidi N, Laxer RM, Noone D, Pagnoux C, Twilt M, Yeung
RSM. Presentation and Disease Course of Childhood-Onset Versus Adult-Onset Takayasu Arteritis. Arthritis Rheumatol 2019;
71: 315-323.

Danda D, Goel R, Joseph G, Kumar ST, Nair A, Ravindran R, Jeyaseelan L, Merkel PA, Grayson PC. Clinical course of 602 patients
with Takayasu’s arteritis: comparison between Childhood-onset versus adult onset disease. Rheumatology (Oxford) 2021; 60:
2246-2255.

Bolek EC, Bolek EC, Kaya Akca U, Sari A, Sag E, Demir S, Kilic L, Sener YZ, Aykan HH, Kaya EB, Bilginer Y, Akdogan A, Kiraz S,
Karadag O, Ozen S. Is Takayasu'’s arteritis more severe in children? Clin Exp Rheumatol 2021; 39 Suppl 129: 32-38.

Arnaud L, Haroche J, Limal N, Toledano D, Gambotti L, Costedoat Chalumeau N. Takayasu arteritis in France: a single-center
retrospective study of 82 cases comparing white, North African, and black patients. Med 2010; 89: 1-17.

Ortiz-Fernandez L, Saruhan-Direskeneli G, Alibaz-Oner F, Kaymaz-Tahra S, Coit P, Kong X, Kiprianos AP, Maughan RT, Aydin SZ,
Aksu K, Keser G, Kamali S, Inanc M, Springer J, Akar S, Onen F, Akkoc N, Khalidi NA, Koening C, Karadag O, Kiraz S, Forbess L,
Langford CA, McAlear CA, Ozbalkan Z, Yavuz S, Cetin GY, Alpay-Kanitez N, Chung S, Ates A, Karaaslan Y, McKinnon-Maksimo-
wicz K, Monach PA, Ozer HTE, Seyahi E, Fresko I, Cefle A, Seo P, Warrington KJ, Ozturk MA, Ytterberg SR, Cobankara V, Onat
AM, Duzgun N, Bicakcigil M, Yentir SP, Lally L, Manfredi AA, Baldissera E, Erken E, Yazici A, Kisacik B, Kasifoglu T, Dalkilic E,
Cuthbertson D, Pagnoux C, Sreih A, Reales G, Wallace C, Wren JD, Cunninghame-Graham DS, Vyse TJ, Sun Y, Chen H, Grayson
PC, Tombetti E, Jiang L, Mason JC, Merkel PA, Direskeneli H, Sawalha AH. Identification of susceptibility loci for Takayasu
arteritis through a large multi-ancestral genome-wide association study. Am J Hum Genet 2021; 108: 84-99.

Renauer P, Sawalha AH. The genetics of Takayasu arteritis. Presse Medicale 2017; pp. e179-87.

Inder SJ, Bobryshev YV, Cherian SM, Lord RSA, Masuda K, Yutani C. Accumulation of lymphocytes, dendritic cells, and gran-
ulocytes in the aortic wall affected by Takayasu’s disease. Angiology 2000; 51: 565-79.

Inder SJ, Bobryshev Y V, Cherian SM, Wang AY, Lord RS, Masuda K. Immunophenotypic analysis of the aortic wall in Takayasu’s
arteritis: involvement of lymphocytes, dendritic cells and granulocytes in immuno-inflammatory reactions. Cardiovasc Surg
2000; 8: 141-8.

Pugh D, Karabayas M, Basu N, Cid MC, Goel R, Goodyear CS, Grayson PC, McAdoo SP, Mason JC, Owen C, Weyand CM,
Youngstein T, Dhaun N. Large-vessel vasculitis. Nat Rev Dis Primers 2022; 7: 93.

Wen Z, Shen Y, Berry G, Shahram F, Li Y, Watanabe R, Liao YJ, Goronzy JJ, Weyand CM. The microvascular niche instructs T
cells in large vessel vasculitis via the VEGF-Jagged1-Notch pathway. Sci Transl Med 2017; 9: eaal3322.

Watanabe R, Maeda T, Zhang H, Berry GJ, Zeisbrich M, Brockett R, Greenstein AE, Tian L, Goronzy JJ, Weyand CM. MMP
(Matrix Metalloprotease)-9-Producing Monocytes Enable T Cells to Invade the Vessel Wall and Cause Vasculitis. Circ Res 2018;
123: 700-715.

Zhang H, Watanabe R, Berry GJ, Vaglio A, Liao YJ, Warrington KJ, Goronzy JJ, Weyand CM. Immunoinhibitory checkpoint
deficiency in medium and large vessel vasculitis. Proc Natl Acad Sci U S A 2017; 114: E970-E979.

Jin K, Wen Z, Wu B, Zhang H, Qiu J, Wang Y, Warrington KJ, Berry GJ, Goronzy JJ, Weyand CM. NOTCH-induced rerouting of
endosomal trafficking disables regulatory T cells in vasculitis. J Clin Invest 2021; 131: e136042.

Stone JR, Bruneval P, Angelini A, Bartoloni G, Basso C, Batoroeva L, Buja LM, Butany J, d’Amati G, Fallon JT, Gittenberger-de
Groot AC, Gouveia RH, Halushka MK, Kelly KL, Kholova I, Leone O, Litovsky SH, Maleszewski JJ, Miller DV, Mitchell RN, Pres-
ton SD, Pucci A, Radio SJ, Rodriguez ER, Sheppard MN, Suvarna SK, Tan CD, Thiene G, van der Wal AC, Veinot JP. Consensus
statement on surgical pathology of the aorta from the Society for Cardiovascular Pathology and the Association for European
Cardiovascular Pathology: I. Inflammatory diseases. Cardiovasc Pathol 2015; 24: 267-78.

Grayson PC, Maksimowicz-McKinnon K, Clark TM, Tomasson G, Cuthbertson D, Carette S, Khalidi NA, Langford CA, Monach
PA, Seo P, Warrington KJ, Ytterberg SR, Hoffman GS, Merkel PA; Vasculitis Clinical Research Consortium. Distribution of arterial
lesions in Takayasu’s arteritis and giant cell arteritis. Ann Rheum Dis 2012; 71: 1329-34.

Arnaud L, Haroche J, Toledano D, Cacoub P, Mathian A, Costedoat-Chalumeau N, Le Thi Huong-Boutin D, Cluzel P, Gorochov
G, Amoura Z. Cluster analysis of arterial involvement in Takayasu arteritis reveals symmetric extension of the lesions in paired
arterial beds. Arthritis Rheum 2011; 63: 1136-40.

Pryshchep O, Ma-Krupa W, Younge BR, Goronzy JJ, Weyand CM. Vessel-specific Toll-like receptor profiles in human medium
and large arteries. Circulation 2008; 118: 1276-84.

Nazareth R, Mason JC. Takayasu arteritis: severe consequences of delayed diagnosis. QJM. 2011; 104: 797-800.

De Souza AWS, de Carvalho JF. Diagnostic and classification criteria of Takayasu arteritis. J Autoimmun 2014; 49: 79-83.
Quinn KA, Gribbons KB, Carette S, Cuthbertson D, Khalidi NA, Koening CL, Langford CA, McAlear CA, Monach PA, Moreland
LW, Pagnoux C, Seo P, Sreih AG, Warrington KJ, Ytterberg SR, Novakovich E, Merkel PA, Grayson PC. Patterns of clinical pre-
sentation in Takayasu’s arteritis. Semin Arthritis Rheum 2020; 50: 576-581



10

TAKAYASU ARTERITIS: RECENT ADVANCES AND CLINICAL PITFALLS

44,

45.

46.

47.

48.
49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.
66.

67.
68.

69.

70.

71.
72.

73.
74.

75.

Berti A, Moura MC, Sechi E, Squizzato F, Costanzo G, Chen JJ, Warrington KJ. Beyond Giant Cell Arteritis and Takayasu’s
Arteritis: Secondary Large Vessel Vasculitis and Vasculitis Mimickers. Curr Rheumatol Rep 2020; 22: 88.

Bossone E, Pluchinotta FR, Andreas M, Blanc P, Citro R, Limongelli G, Della Corte A, Parikh A, Frigiola A, Lerakis S, Ehrlich M,
Aboyans V. Aortitis. Vascul Pharmacol 2016; 80: 1-10.

Tombetti E, Mason JC. Application of imaging techniques for Takayasu arteritis. Presse Med 2017; 46: e215-e223.

Gornik HL, Persu A, Adlam D, Aparicio LS, Azizi M, Boulanger M. First international consensus on the diagnosis and manage-
ment of fibromuscular dysplasia. J Hypertens 2019; 37: 229-52.

Koster MJ, Warrington KJ, Matteson EL. Morbidity and Mortality of Large-Vessel Vasculitides. Curr Rheumatol Rep 2020; 22: 1-13.
Comarmond C, Biard L, Lambert M, Mekinian A, Ferfar Y, Kahn JE, Benhamou Y, Chiche L, Koskas F, Cluzel P, Hachulla E, Messas
E, Resche-Rigon M, Cacoub P, Mirault T, Saadoun D; French Takayasu Network. Long-Term Outcomes and Prognostic Factors
of Complications in Takayasu Arteritis: A Multicenter Study of 318 Patients. Circulation 2017; 136: 1114-1122.

Hellmich B, Agueda A, Monti S, Buttgereit F, de Boysson H, Brouwer E, Cassie R, Cid MC, Dasgupta B, Dejaco C, Hatemi G,
Hollinger N, Mahr A, Mollan SP, Mukhtyar C, Ponte C, Salvarani C, Sivakumar R, Tian X, Tomasson G, Turesson C, Schmidt W,
Villiger PM, Watts R, Young C, Lugmani RA. 2018 Update of the EULAR recommendations for the management of large vessel
vasculitis. Ann Rheum Dis 2020; 79: 19-30.

Maz M, Chung SA, Abril A, Langford CA, Gorelik M, Guyatt G, Archer AM, Conn DL, Full KA, Grayson PC, Ibarra MF, Imundo LF,
Kim S, Merkel PA, Rhee RL, Seo P, Stone JH, Sule S, Sundel RP, Vitobaldi Ol, Warner A, Byram K, Dua AB, Husainat N, James KE,
Kalot MA, Lin YC, Springer JM, Turgunbaev M, Villa-Forte A, Turner AS, Mustafa RA. 2021 American College of Rheumatology/
Vasculitis Foundation Guideline for the Management of Giant Cell Arteritis and Takayasu Arteritis. Arthritis Rheumatol 2021;
73: 1349-1365.

Hellmich B, Agueda AF, Monti S, Lugmani R. Treatment of Giant Cell Arteritis and Takayasu Arteritis—Current and Future.
Curr Rheumatol Rep 2020; 22: 12.

Hoffman GS, Leavitt RY, Kerr GS, Rottem M, Sneller MC, Fauci AS. Treatment of glucocorticoid-resistant or relapsing Takayasu
arteritis with methotrexate. Arthritis Rheum 1994; 37: 578-82.

Mustapha N, Barra L, Carette S, Cuthbertson D, Khalidi NA, Koening CL. Efficacy of leflunomide in the treatment of vasculitis.
Clin Exp Rheumatol 2021; 39: S114-8.

Goel R, Danda D, Joseph G, Ravindran R, Kumar S, Jayaseelan V, Jayaseelan L, Bacon P. Long-term outcome of 251 patients
with Takayasu arteritis on combination immunosuppressant therapy: Single centre experience from a large tertiary care
teaching hospital in Southern India. Semin Arthritis Rheum 2018; 47: 718-726.

Tombetti E, Di Chio MC, Sartorelli S, Bozzolo E, Sabbadini MG, Manfredi AA, Baldissera E. Anti-cytokine treatment for Takayasu
arteritis: State of the art. Intractable Rare Dis Res 2014; 3: 29-33.

Barra L, Yang G, Pagnoux C. Non-glucocorticoid drugs for the treatment of Takayasu’s arteritis: A systematic review and
meta-analysis. Autoimmun Rev 2018; 17: 683-93.

Mekinian A, Comarmond C, Resche-Rigon M, Mirault T, Kahn JE, Lambert M, Sibilia J, Néel A, Cohen P, Hie M, Berthier S,
Marie |, Lavigne C, Anne Vandenhende M, Muller G, Amoura Z, Devilliers H, Abad S, Hamidou M, Guillevin L, Dhote R, Godeau
B, Messas E, Cacoub P, Fain O, Saadoun D; French Takayasu Network. Efficacy of Biological-Targeted Treatments in Takayasu
Arteritis: Multicenter, Retrospective Study of 49 Patients. Circulation 2015; 132: 1693-700.

Hoffman GS, Merkel PA, Brasington RD, Lenschow DJ, Liang P. Anti-tumor necrosis factor therapy in patients with difficult to
treat Takayasu arteritis. Arthritis Rheum 2004; 50: 2296-304.

Mekinian A, Resche-Rigon M, Comarmond C, Soriano A, Constans J, Alric L, Jego P, Busato F, Cabon M, Dhote R, Estibaliz L,
Koné-Paut |, Landron C, Lavigne C, Lioger B, Michaud M, Ruivard M, Sacre K, Gottenberg JE, Gaches F, Goulenok T, Salvarani C,
Cacoub P, Fain O, Saadoun D; French Takayasu network. Efficacy of tocilizumab in Takayasu arteritis: Multicenter retrospective
study of 46 patients. J Autoimmun 2018; 91: 55-60.

Nakaoka Y, Isobe M, Takei S, Tanaka Y, Ishii T, Yokota S, Nomura A, Yoshida S, Nishimoto N. Efficacy and safety of tocilizumab
in patients with refractory Takayasu arteritis: results from a randomised, double-blind, placebo-controlled, phase 3 trial in
Japan (the TAKT study). Ann Rheum Dis 2018; 77: 348-354.

Tombetti E, Franchini S, Papa M, Sabbadini MGMGG, Baldissera E. Treatment of refractory Takayasu arteritis with tocilizumab:
7 Italian patients from a single referral center. ) Rheumatol 2013; 40: 2047-51.

Langford CA, Cuthbertson D, Ytterberg SR, Khalidi N, Monach PA, Carette S. A Randomized, Double-Blind Trial of Abatacept
(CTLA-4l1g) for the Treatment of Takayasu Arteritis. Arthritis Rheumatol 2017; 69: 846-53.

Kuwabara S, Tanimura S, Matsumoto S, Nakamura H, Horita T. Successful remission with tofacitinib in a patient with refractory
Takayasu arteritis complicated by ulcerative colitis. Ann Rheum Dis 2020; 79: 1125-1126.

Watanabe R. JAK inhibitors as promising agents for refractory Takayasu arteritis. Ann Rheumatic Dis 2022; 81: e67.
Palermo A, Marvisi C, Casali M, Pipitone N, Muratore F, Salvarani C. Tofacitinib for the treatment of refractory Takayasu'’s
arteritis: description of 2 cases. Clin Exp Rheumatol 2020; 38: 234-5.

Li J, Li M, Tian X, Zeng X. Tofacitinib in patients with refractory Takayasu’s arteritis. Rheumatology 2020; 59: €95-8.

Kong X, Sun Y, Dai X, Wang L, Ji Z, Chen H, Jin X, Ma L, Jiang L. Treatment efficacy and safety of tofacitinib versus methotrexate
in Takayasu arteritis: a prospective observational study. Ann Rheum Dis 2022; 81: 117-123.

Tyagi S, Verma PK, Gambhir DS, Kaul UA, Saha R, Arora R. Early and long-term results of subclavian angioplasty in aortoarteritis
(Takayasu disease): comparison with atherosclerosis. Cardiovasc Interv Radiol 1998; 21: 219-24.

Tyagi S, Gambhir DS, Kaul UA, Verma P, Arora R. A decade of subclavian angioplasty: aortoarteritis versus atherosclerosis.
Indian Hear J 1996; 48: 667-71.

Liang P, Tan-Ong M, Hoffman GS. Takayasu’s arteritis: vascular interventions and outcomes. J Rheumatol 2004; 31: 102-6.
Weaver FA, Kumar SR, Yellin AE, Anderson S, Hood DB, Rowe VL, Kitridou RC, Kohl RD, Alexander J. Renal revascularization
in Takayasu arteritis-induced renal artery stenosis. J Vasc Surg 2004; 39: 749-57.

Mason JC. Surgical intervention and its role in Takayasu arteritis. Best Pract Res Clin Rheumatol 2018; 32: 112-24.

Miyata T, Sato O, Koyama H, Shigematsu H, Tada Y. Long-term survival after surgical treatment of patients with Takayasu’s
arteritis. Circulation 2003; 108: 1474-80.

Saadoun D, Lambert M, Mirault T, Resche-Rigon M, Koskas F, Cluzel P, Mignot C, Schoindre Y, Chiche L, Hatron PY, Emmerich J,
Cacoub P. Retrospective analysis of surgery versus endovascular intervention in Takayasu arteritis: a multicenter experience.
Circulation 2012; 125: 813-9.



1

TAKAYASU ARTERITIS: RECENT ADVANCES AND CLINICAL PITFALLS

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.
91.

92.

93.

94.

95.

96.

97.

Fields CE, Bower TC, Cooper LT, Hoskin T, Noel AA, Panneton JM, Sullivan TM, Gloviczki P, Cherry KJ Jr. Takayasu’s arteritis:
operative results and influence of disease activity. J Vasc Surg 2006; 43: 64-71.

Park MC, Lee SW, Park YB, Lee SK, Choi D, Shim WH. Post-interventional immunosuppressive treatment and vascular reste-
nosis in Takayasu’s arteritis. Rheumatol 2006; 45: 600-5.

Zheng T, Zhu S, Ou JF, Fang WG, Qiao ZY, Qi RD, Chen L, Chen L, Li CN, Pan LL, Zhu Q, Chen D, Sun XJ, Zhu JM. Treatment with
Corticosteroid and/or Immunosuppressive Agents before Surgery can Effectively Improve the Surgical Outcome in Patients
with Takayasu’s Arteritis. J Invest Surg 2019; 32: 220-227.

Tombetti E, Di Chio MC, Sartorelli S, Papa M, Salerno A, Bottazzi B, Bozzolo EP, Greco M, Rovere-Querini P, Baldissera E, Del
Maschio A, Mantovani A, De Cobelli F, Sabbadini MG, Manfredi AA. Systemic pentraxin-3 levels reflect vascular enhancement
and progression in Takayasu arteritis. Arthritis Res Ther 2014; 16: 479.

Ramirez GA, Rovere-Querini P, Blasi M, Sartorelli S, Di Chio MC, Baldini M, De Lorenzo R, Bozzolo EP, Leone R, Mantovani A,
Manfredi AA, Tombetti E. PTX3 Intercepts Vascular Inflammation in Systemic Immune-Mediated Diseases. Front Immunol
2019; 10: 1135.

Tombetti E, Hysa E, Mason JC, Cimmino MA, Camellino D. Blood Biomarkers for Monitoring and Prognosis of Large Vessel
Vasculitides. Curr Rheumatol Rep 2021; 23: 17.

SunY, Kong X, WuS, Ma L, Yan Y, Lv P, Jiang L. YKL-40 as a new biomarker of disease activity in Takayasu arteritis. Int J Cardiol
2019; 293: 231-237.

Springer JM, Monach P, Cuthbertson D, Carette S, Khalidi NA, McAlear CA, Pagnoux C, Seo P, Warrington KJ, Ytterberg SR,
Hoffman G, Langford C, Hamilton T, Foell D, Vogl T, Holzinger D, Merkel PA, Roth J, Hajj-Ali RA. Serum S100 Proteins as a
Marker of Disease Activity in Large Vessel Vasculitis. J Clin Rheumatol 2018; 24: 393-395.

Tombetti E, Colombo B, Di Chio MC, Sartorelli S, Papa M, Salerno A, Bozzolo EP, Tombolini E, Benedetti G, Godi C, Lanzani C,
Rovere-Querini P, Del Maschio A, Ambrosi A, De Cobelli F, Sabbadini MG, Baldissera E, Corti A, Manfredi AA. Chromogranin-A
production and fragmentation in patients with Takayasu arteritis. Arthritis Res Ther 2016; 18: 187.

Dejaco C, Ramiro S, Duftner C, Besson FL, Bley TA, Blockmans D, Brouwer E, Cimmino MA, Clark E, Dasgupta B, Diaman-
topoulos AP, Direskeneli H, lagnocco A, Klink T, Neill L, Ponte C, Salvarani C, Slart RHJA, Whitlock M, Schmidt WA. EULAR
recommendations for the use of imaging in large vessel vasculitis in clinical practice. Ann Rheum Dis 2018; 77: 636-643.
Tombetti E, Godi C, Ambrosi A, Doyle F, Jacobs A, Kiprianos AP. Novel Angiographic Scores for evaluation of Large Vessel
Vasculitis. Sci Rep 2018; 8: 15979.

Ironi G, Tombetti E, Napolitano A, Campolongo M, Fallanca F, Incerti E, Picchio M, Dagna L, Manfredi AA, Gianolli L, Del
Maschio A, De Cobelli F. Diffusion-Weighted Magnetic Resonance Imaging Detects Vessel Wall Inflammation in Patients With
Giant Cell Arteritis. JACC Cardiovasc Imaging 2018; 11: 1879-1882.

Incerti E, Tombetti E, Fallanca F, Baldissera EM, Alongi P, Tombolini E, Sartorelli S, Sabbadini MG, Papa M, De Cobelli F, Mason
JC, Gianolli L, Manfredi AA, Picchio M. 18F-FDG PET reveals unique features of large vessel inflammation in patients with
Takayasu’s arteritis. Eur J Nucl Med Mol Imaging 2017; 44: 1109-1118.

Youngstein T, Tombetti E, Mukherjee J, Barwick TD, Al-Nahhas A, Humphreys E, Nash J, Andrews J, Incerti E, Tombolini E,
Salerno A, Sartorelli S, Ramirez GA, Papa M, Sabbadini MG, Gianolli L, De Cobelli F, Fallanca F, Baldissera E, Manfredi AA,
Picchio M, Mason JC. FDG Uptake by Prosthetic Arterial Grafts in Large Vessel Vasculitis Is Not Specific for Active Disease.
JACC Cardiovasc Imaging 2017; 10: 1042-1052.

Schmidt WA, Nielsen BD. Imaging in large-vessel vasculitis. Best Pract Res Clin Rheumatol 2020; 34: 101589.

Nielsen BD, Gormsen LC, Hansen IT, Keller KK, Therkildsen P, Hauge EM. Three days of high-dose glucocorticoid treatment
attenuates large-vessel 18F-FDG uptake in large-vessel giant cell arteritis but with a limited impact on diagnostic accuracy.
Eur J Nucl Med Mol Imaging 2018; 45: 1119-28.

van der Geest KSM, Treglia G, Glaudemans AWJM, Brouwer E, Sandovici M, Jamar F, Gheysens O, Slart RHJA. Diagnostic value
of [18F]FDG-PET/CT for treatment monitoring in large vessel vasculitis: a systematic review and meta-analysis. Eur J Nucl Med
Mol Imaging 2021; 48: 3886-3902.

Slart RHJA; Writing group; Reviewer group; Members of EANM Cardiovascular; Members of EANM Infection & Inflammation;
Members of Committees, SNMMI Cardiovascular; Members of Council, PET Interest Group; Members of ASNC; EANM Com-
mittee Coordinator. FDG-PET/CT(A) imaging in large vessel vasculitis and polymyalgia rheumatica: joint procedural recom-
mendation of the EANM, SNMMI, and the PET Interest Group (PIG), and endorsed by the ASNC. Eur J Nucl Med Mol Imaging
2018; 45: 1250-1269.

Grayson PC, Alehashemi S, Bagheri AA, Civelek AC, Cupps TR, Kaplan MJ, Malayeri AA, Merkel PA, Novakovich E, Bluemke DA,
Ahlman MA. 18 F-Fluorodeoxyglucose-Positron Emission Tomography As an Imaging Biomarker in a Prospective, Longitudinal
Cohort of Patients With Large Vessel Vasculitis. Arthritis Rheumatol 2018; 70: 439-449.

Soussan M, Nicolas P, Schramm C, Katsahian S, Pop G, Fain O, Mekinian A. Management of large-vessel vasculitis with FDG-
PET: a systematic literature review and meta-analysis. Medicine (Baltimore) 2015; 94: e622.

Pugliese F, Gaemperli O, Kinderlerer AR, Lamare F, Shalhoub J, Davies AH, Rimoldi OE, Mason JC, Camici PG. Imaging of vas-
cular inflammation with [11C]-PK11195 and positron emission tomography/computed tomography angiography. J Am Coll
Cardiol 2010; 56: 653-61.

Tarkin JM, Wall C, Gopalan D, Aloj L, Manavaki R, Fryer TD, Aboagye EO, Bennett MR, Peters JE, Rudd JHF, Mason JC. Novel
Approach to Imaging Active Takayasu Arteritis Using Somatostatin Receptor Positron Emission Tomography/Magnetic Reso-
nance Imaging. Circ Cardiovasc Imaging 2020; 13: e010389.



