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Abstract
Purpose of Review Takayasu arteritis (TA) is a granulomatous inflammatory disorder that affects large vessels, especially aorta
and its proximal branches. Its diagnosis can be extremely challenging due to the non-specificity of the systemic inflammatory
manifestations during the early phase of the disease and usually follows an insidious clinical course until the emergence of
vascular ischemic complications.
Recent Findings Its pathogenesis has been better delineated in recent years, especially the role of HLA-B*52 allele in certain
ethnic groups, as well as the use of biological therapy, and surgical revascularization. Recent findings are discussed in depth.
Summary Clinical and epidemiological aspects of TA, recent developments in pathogenesis, and therapy are presented.
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Introduction

Takayasu arteritis (TA) is a rare form of large vessel vasculitis,
which involves preferentially the aorta and its proximal
branches, and is most commonly seen in young Asian women.
It was first described in 1905 by Mikito Takayasu in a young
woman with ocular involvement, and Judge et al. in 1962
introduced the term Takayasu arteritis [1, 2]. This disorder is
also recognized by other names, including pulseless disease,
aortic arch syndrome, middle aortic syndrome, occlusive
thromboaortopathy, and non-specific aortoarteritis. Its diagno-
sis can be challenging due to the non-specificity of clinical
manifestations in the early phase of the disease and generally
follows an insidious and chronic course until the appearance

of ischemic manifestations that eventually lead the patient to
seek medical attention.

Epidemiology

TA is a rare disorder, but has a worldwide distribution, al-
though it appears to be more common in Asian populations,
Central and South America, and less often in Caucasians and
Black populations. Two epidemiologic studies, one from
Japan, estimated the incidence of TA as 1–2 per million, while
another study fromWest Asia, Kuwait, provided an incidence
of 2.2 per million [3, 4]. Two recent studies from Turkey have
reported incidence rates within the same range as those in
Europe; the first study from western Turkey found an inci-
dence of 1.1 per million, while the second study from north-
western Turkey found a relatively higher incidence as 3.4 per
million, based on the population aged 16 and over [5, 6]. A
lower annual incidence of 0.3 per million was reported in the
UK in those aged less than 40 years [7]. An incidence of TA as
2.6 per million was reported from the USA (Olmsted County,
MN, USA) [8].

A nationwide hospital-based study from Japan estimated
the highest prevalence of TA at 40 per million, while a subse-
quent US study, published in abstract form, reported a low
prevalence of 0.9 per million [9, 10]. A recently published
study from southeast Norway reported 2–4 times higher pop-
ulation prevalence, 22.0 per million, than previously
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observed, with the highest prevalence found in Norwegians of
Asian and African descent [11••].

Observed variations in incidence and prevalence for TA in
different populations may be secondary to genetic, geograph-
ic, and methodological factors, and further studies are needed
to elucidate them.

TA predominantly affects women, as clearly demonstrated
in most of the published series around the world, although a
less female predominance has been described in some other
populations, including India and Israel [12, 13].

On the other hand, a firm association with the HLA-B*52
allele has long been established suggesting a strong genetic
component in the pathogenesis of TA [14•]. Genetic factors,
both within and outside the HLA region, were thoroughly
examined in a recent review article, which concluded that
HLA-B*52 is the only gene that shows an association with
TA beyond ethnicity. Therefore, this data lends support to
the notion that a higher prevalence of TA among Asians
may be a reflection of higher allele frequency of HLA-B*52
in these populations [15].

Etiology and Pathogenesis

The etiology of TA remains to be elucidated, but strong cir-
cumstantial evidence suggest that in the presence of genetic
predisposition, environmental triggers, microorganisms, com-
mensal or pathogens, and/or their antigenic components trig-
gers an immune response, in which pathogenic T cells and
macrophages invade vessel walls, establish residency, and
build autonomous, self-sufficient inflammatory lesions [16,
17•, 18, 19]. Pathogenic effector T cells invade and survive
due to failed immune checkpoint inhibition [20•].

The arterial wall, a target of the immune reaction, is com-
posed of vascular dendritic cells, endothelial cells, vascular
smooth cells, and fibroblasts, which engage with activated T
cells and macrophages leading eventually to luminal stenosis
or aneurysmal wall damage of the vessel. This inflammatory
process characteristically involves the inner wall and spares
the outside of the blood vessels, progressing from a granulo-
matous inflammatory process (with infiltratingmonocytes and
lymphocytes) in the early stages, to a less obvious inflamma-
tory reaction in advance stages of the disease in which adven-
titial fibrosis, smooth muscle proliferation in the intima, and
vessel stenosis predominate.

A schematic representation of leading events in the patho-
genesis is depicted in Fig. 1.

Evidence accumulated, thus far, supports an important role
for autoimmune responses mediated by T cells, macrophages,
dendritic cells, and others in the pathogenesis of TA. Patients
with TA have been shown to have an increased number of
circulating T cells with most of them exhibiting a state of
activation, and a parallel decrease in the number of circulating

Treg cells, a subtype of T cells essential to maintain homeo-
stasis. On the other hand, B cells are not abundant in TA, but
there is an increased number of antibodies produced by these
cells (CD19+, CD20−, CD27) found in the blood of patients
with TA, and CD20+ cells are present around the granulomas.
Furthermore, a variety of pro-inflammatory cytokines such as
IL-6, IL-8, IL-9, IL-17, and IL-18 are elevated in the serum of
TA patients. Both elevated IL-6 and TNF-α correlate with
disease activity, and they significantly decrease in response
to biologic therapy, thus providing a rationale for their use in
TA [16, 17•, 18, 19, 20•].

Other avenues of investigation are being explored includ-
ing the potential role of the microbiota, circulating micropar-
ticles from endothelial cells, and immune cells, but further
work is needed to establish a relationship [21, 22].

Clinical Features

Most patients with TA exhibit an insidious, subacute clinical
presentation, which leads to a delay in establishing an early
diagnosis, and this may take months or even years. TA is
characterized by a chronic, waxing, and waning clinical
course that is for the most part dominated by non-specific
constitutional and systemic symptoms in the early phase,
and by vascular ischemic symptoms secondary to narrowing,
occlusion, and dilation of the aorta and its main branches in
late stages. Non-specific arthralgia and myalgia are present in
13–41% of patients, and they can be difficult to distinguish
from the symptoms of other rheumatic disorders including

�Fig. 1 Pathogenesis of Takayasu arteritis. a Peptides derived from
endothelial cells (target cells), mimicking microorganism-derived
peptides, through the antigen-presenting cell pathway (dendritic cells)
are recognized as pathogenic by T cells, thus stimulating B cells to
produce and release specific antibodies that react against the patient’s
own cells. In addition, anti-annexin V directly induces apoptosis of
endothelial cells and could also trigger apoptosis by the cytotoxicity-
dependent antibody pathway (ADCC) through NK cells. b Death of
target cells can also be mediated by the NKGD/MICA interaction
pathway. Immune cells that express the NKG2D receptor like the NK
cells and gamma/delta T cells recognize the MICA ligand that is found
in the target cells, thus inducing apoptosis. MICA can also be induced by
microbes or their products. c The formation of tissue granuloma and
fibrosis is due to persistent and repetitive activation of cells of the
immune system and also from the release of pro-inflammatory
cytokines. Persistently activated monocytes can differentiate into giant
cells, which in turn promote inflammation at the vascular level, and
eventually to fibrosis through the matrix metalloprotease pathway
(MPPs), and TNF-α. Activation of other cells such as Th17 and NK
cells also promote the formation of granuloma and fibrosis mediated by
the release of cytokines. Sustained inflammatory response can also be
mediated or spread by microbial components such as LPS that can
induce the expression and activation of TLRs in dendritic cells and
monocytes. IL-6, which is released by several immune cells and
activated endothelial cells, plays an important role in maintaining the
inflammatory process that eventually leads to fibrosis
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polymyalgia rheumatica, giant cell arteritis, and rheumatoid
arthritis. Peripheral arthritis and sacroiliitis (11.9%) have been
described in 19% of patients with TA. Transient ocular man-
ifestations and vision loss can occur in 4–8% of patients with
TA, but when present, they are typically associated with

concomitant flow-limiting carotid or vertebral stenosis or oc-
clusion. The presence of limb claudication, brachial pulse def-
icit, blood pressure discrepancy, and arterial bruits are critical
characteristics for classifying patients with TA. Retinal in-
volvement may occur in 14% of patients due to compromise
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of the internal carotid circulation with central retinal hypoper-
fusion. Aortic regurgitation secondary to dilation of the aortic
root occurs in 5–55% of patients. Coronary vessel stenosis may
develop in 25% of patients. Pulmonary hypertension is not an
uncommon occurrence in TA and has been described in about
10% of patients. Gender differences in the clinical presentation
and vascular pattern in patients with TA have been described.
Women appear to have a higher involvement of the
supradiaphragmatic vessels, whereas inmen, the abdominal ves-
sels are more frequently affected. Renovascular hypertension
secondary to arterial narrowing may also develop [23, 24, 25•].

Cutaneous involvement can occur in 3–28% of patients,
and the most common lesions are erythema nodosum, pyoder-
ma gangrenosum, erythema induratum, and ulcerative lesions.
Inflammatory bowel disease may also occur in 2.6% of pa-
tients with TA [26•].

Diagnosis and Classification of Takayasu
Arteritis

Ishikawa in Japan developed the first criteria for diagnosis of
TA and included the mandatory criterion of age under
40 years; three major criteria: two of imaging and one clinical;
and ten minor criteria: two clinical, one laboratory, and seven
of imaging [27]. These criteria, however, had a severe limita-
tion in that the control group consisted of 12 patients without
evidence of vascular disorders. In addition, age of less than
40 years was severely criticized since it left out those patients
with a possible diagnosis of late TA. Sharma et al. in 1996
from India subsequently updated Ishikawa’s criteria by re-
moving the mandatory criterion of age under 40; however,
none of these two diagnostic criteria have been validated [28].

The most widely used and accepted criteria for TA is that of
the American College of Rheumatology (ACR), which
emerged in 1990 as a classification criteria, which includes
five clinical criteria and one imaging criterion; these criteria
were developed from comparing the clinical findings of 63
patients with TA with 744 controls with other vasculitic dis-
orders [29].

Due to the complexity and heterogeneity of autoimmune
disorders, there are few validated diagnostic criteria; therefore,
the ACR has only validated the classification criteria so far for
TA, and currently, the diagnosis of TA is based on the demo-
graphic, clinical characteristics, as well as laboratory results,
histopathology, and imaging studies [30]. The classification
criteria currently used do not consider those patients with
age and symptomatology that starts between 40 and 50 years
of age and also limits its usefulness in patients even older with
vasculitis of large vessels in the absence of cranial symptoms.
This makes difficult to distinguish late onset TA from giant
cell arteritis.

Laboratory Findings

Laboratory investigation is not very helpful in TA. Findings
generally reflect the underlying inflammatory process. Acute
phase reactants, ESR and CRP, may be elevated. ESR (80%)
rises more frequently than CRP (50%). Leukocytosis, mild
normochromic normocytic anemia, thrombocytosis (may ex-
ceed 500,000/μl in patients with active disease), and
hypergammaglobulinemia may be observed. Alterations in
renal function are due to hypertension, and urinalysis and
serum creatinine are usually normal. TA rarely causes
glomerulonephritis.

Application of Imaging Techniques
in Takayasu Arteritis and Disease Activity

Arterial wall damage and subsequent remodeling, as well as
arterial stenosis or dilation, are crucial issues in TA. At pres-
ent, non-invasive imaging techniques have emerged with
great promise to improve the ability to identify both the extent
and severity of the disease and to monitor its progress and
clinical response to therapy [31, 32].

Angiography

Angiography remains the gold standard for the diagnosis
of TA. It allows good images of the lumen of the vessels,
although it does not detect changes in its walls. Six types of
vascular involvement according to their arterial distribu-
tion have been described (Fig. 2). However, this technique
presents limitations due to the inherent nature of invasive-
ness of the procedure, and because it does not provide the
characteristics of the arterial wall. At present, its use is
limited, and it is only used in specific indications such as
preparation for arterial revascularization or measurement
of central artery pressure in situations that it cannot be
performed peripherally [33].

Positron Emission Tomography

Positron emission tomography (PET/CT) is widely used,
highly sensitive, but expensive and requires exposure to radi-
ation. It requires the use of 2-(F)-fluoro-2-deoxy-D-glucose
(F-FDG), which is captured by metabolically active cells,
mostly monocytes and macrophages, and determines the ex-
tent and severity of inflammation in the arterial wall in TA.
The role of F-FDG-PET/CT in the follow-up of patients with
TA is not clear yet. A meta-analysis of several TA studies
showed that uptake of F-FDG had low sensitivity of 87%
and specificity of 73% [34, 35••].
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Magnetic Resonance Imaging

Magnetic resonance imaging (MRI) allows the vascular
tree to be extensively evaluated and it has become one
of the most important techniques in TA. The lack of ex-
posure to radiation is a major advantage, thus allowing
multiple assessments, including its use in young patients.
MR angiography (MRA) requires a short time and gener-
ates images of the arterial lumen [36, 37]. Specific MRA
sequences can be performed without the use of contrast
media, but limitations still exist and each sequence is ap-
plied to a specific arterial territory. MR can also evaluate
the characteristics of the vessel wall, although it can take
more time. Of late, MR and computed tomography (CT)
have replaced angiography for the diagnosis of TA. The
role of MR in differentiating disease activity remains con-
troversial. Some medications may influence the results
[38]. Currently, the main role of MR in TA is to provide
a safe, non-invasive means to evaluate changes in the
vascular anatomy over time. Recent studies combined
non-invasive imaging studies with biomarkers in an effort
to study both the role of biomarkers and the activity of the
disease [39].

Computed Tomography

Computed tomography (CT) is also used to evaluate the lu-
men of the vessels and their walls, allowing a diagnosis in
early phases of the disease long before the appearance of a
significant decrease in the vessel lumen. In patients with TA,

CT studies have developed an angiographic protocol: angio-
CT, CTA. The appearance of a double ring, especially in the
venous phase, can be observed after contrast uptake. The inner
border represents the intima hyperplastic and the outer border
the inflamed media and adventitia. The CTA provides an an-
atomical analysis similar to MR, and CTA is also capable of
differentiating TA from atherosclerosis [40]. The advantages
of CTA over MR include shorter examination time and more
typical images than MR plus better anatomical details. CTA is
particularly used preoperatively in cases in which revascular-
ization is required. However, radiation exposure and the use of
iodinated contrast media limit its long-term use. CTA also has
the ability to assess coronary artery involvement in TA.

High-Resolution Ultrasound

High-resolution ultrasound (HRUS) is the most widely used
technique in the management of patients with TA. This is
based on its low cost, it is well tolerated, and it can distinguish
the arterial wall of the lumen, performing the measurement of
intima-media thickness (IMT) and delineate the degrees of
stenosis or aneurysms. It has, however, limitations such as
being operator-dependent and is limited to evaluating the ver-
tebral and carotid circulation, the proximal and axillary sub-
clavian arteries. It can, however, be used to evaluate the ab-
dominal aorta in patients with TA. HRUS in patients with TA
can reveal the presence of concentric thickening of the arterial
wall that can often be bright due to active inflammation and
edema [41, 42•, 43•]. The relationship, however, between the
activity of the disease and the findings in the evaluation of the
wall is not well established yet. But IMT has been shown to
diminish in response to effective treatment.

At present, the use of imaging techniques has greatly im-
proved diagnosis, management, and monitoring of patients
with TA, but more studies are needed in order to ascertain
activity of the disease, changes before and after immunosup-
pressive therapy, and its relationship with plasma biomarkers,
as well as disease activity scores.

Recent Advances in the Management
of Takayasu Arteritis

Challenges in the Assessment of Disease Activity
and Arterial Wall Damage

Identification of the activity of the disease in TA remains
of paramount importance. Distinguishing disease activity
from damage (sequelae of previously active but currently
inactive inflammation) in vasculitis is critical since active
disease generally implies an intention to treat in an at-
tempt to control the inflammatory process. The usually

Fig. 2 Angio-CT of the left lower extremity of a 33-year-old man with
TA. Aneurysmal dilatation of the common femoral artery, left superficial
femoral artery, and left profunda. Apparent occlusion of the left lower
extremity popliteal bypass graft. Left inguinal lymphadenopathy

45 Page 6 of 10 Curr Rheumatol Rep (2019) 21: 45



used score from the National Institute of Health (NIH) is
not validated, although it defines clinical remission (61%
and 44% of patients exhibit angiographic and/or histolog-
ical signs of activity or progression of disease respective-
ly). There are available other activity scores that are not
yet validated, including the Indian Takayasu Activity
Score (ITAS) and the Disease Extent Index-Takayasu
Arteritis (DEI-Tak) [44, 45, 46]. Due to a paucity of tools
for the assessment of disease activity in LVV, the
Outcome Measures in Rheumatology (OMERACT)
Vasculitis working group recently identified domains that
must be further evaluated for inclusion in a disease ac-
tivity index in both TA and giant cell arteritis (GCA),
while identifying a few discriminating items for use ei-
ther in TA or GCA alone [47]. The evaluation of the
activity and extension of the arterial involvement are es-
sential to direct the treatment of TA. However, this issue
remains a challenge, and the joint use of non-invasive
imaging techniques, patient symptomatology, clinical

findings, and acute phase reactants are currently needed
to guide treatment [48].

Management of Takayasu Arteritis

Glucocorticoids (GC) remain the basis of initial treatment of
TA, followed by the second-line agents or conventional im-
munosuppressive drugs such as methotrexate (MTX), azathi-
oprine (AZA), mycophenolate mofetil (MMF), and
leflunomide (LEF). Due to its adverse toxicity profile, cyclo-
phosphamide (CYP) is only used in severe cases such as lung,
retinal, or CVA. In the presence of refractory disease, the use
of biologic agents including TNF inhibitors (TNFi), toci-
lizumab (TCZ), rituximab (RTX), and abatacept (ABA) has
become the norm. When choosing the agent for the treatment
of TA we are faced with two important issues, there is a low
level of evidence and there are no accepted criteria of “active
refractory disease,” although the Turkish Takayasu Arteritis
Group has made an attempt to define it (Fig. 3) [49, 50].
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Fig. 3 Takayasu arteritis management
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Glucocorticoids

Glucocorticoids (GCs) are the cornerstone for the induction of
remission in TA. The usual starting dose is 1 mg/kg of pred-
nisolone or its equivalent for 3 to 6 months, with progressive
reduction once the inflammatory process is brought under
control [51]. Recent data suggest that an initial dose of GC
of 0.5 mg/kg/day along with a second-line agent such asMMF
facilitates the reduction of GC and has a similar clinical re-
sponse, without an increased risk of relapses [49]. Prevention
of osteoporosis as well as other forms of GC toxicity such as
diabetes mellitus, glaucoma, and cataracts must always be
taken into consideration.

Conventional DMARDs

Conventional DMARDs (cDMARDs) are widely used in pa-
tients with TA in order to allow lower doses of GC; however,
the evidence on its use is still scarce. Three retrospective series
in India (n = 21), South America (n = 10), and Italy (n = 3) de-
scribed the use ofMMF 2 g/day in cases of refractory TAwith a
favorable clinical response and prompt decrease in the dose of
GC and decrease in inflammatory biomarkers, but the duration
of follow-up was short, and angiographic progression was not
characterized (except in three Italian patients) [51, 52, 53]. The
use of weekly oral MTX was described in a prospective series
of 18 patients with TA, followed by a mean of 2.8 years, with
favorable clinical responses, and retardation of angiographic
progression in 13 patients, about half of whom GC could be
tapered off, only to eventually relapse in the majority [54]. The
efficacy of AZA, 2 mg/kg/day, in TA was demonstrated in a
series of 15 patients with TA followed up for 1 year, with
clinical resolution, and normalization of inflammatory markers
in all, and with angiographic stabilization of disease [55].
Similar observation has been reported with the use of
leflunomide, in which the authors concluded that following
treatment with LEF of 15 patients with TA allows sustained
remission in about half of patients in an average time of
12 months, and it was well tolerated by patients [56].

Biologic DMARDs

TNFi are the first-line biologic drugs in the treatment of TA.
But among other options, tocilizumab (TCZ) has become a
highly promising agent due to its mechanism of action. IL-6
plays an important role in the pathogenesis of TA, based on its
elevated serum levels, and its correlation with disease activity,
as well as the increase expression of IL-6 in vascular lesions,
and genetic association of IL-6 and TA [57].

Biologic DMARDs (bDMARDs) are used in patients with
persistently active disease despite the use of GC with or

without cDMARDs. Two recent clinical trials have been pub-
lishedwith bDMARDs in TA, one withAbatacept and another
with Tocilizumab (TCZ). The results suggest that tocilizumab
may decrease the rate of relapse in patients with TA.
Abatacept therapy did not affect the rate of relapse in patients
with TA [58, 59, 60].

Surgical Intervention

Revascularization of affected organs either through surgery or
endovascular procedures, such as angioplasty balloon, stent,
or graft replacement stents, constitutes the main treatment for
the chronic phase of TA [61, 62, 63]. The success rate of
endovascular intervention depends on the location, extent,
and degree of arterial stenosis. In cases of stenosis in short
segments, the use of the angioplasty balloon or the graft re-
placement stent may be useful. On the other hand, in cases of
long segments with stenosis with a lot of fibrosis and occlu-
sion, surgical bypass of the affected segment is associated
with better results, especially in cases of compromised arteries
in lower limbs and renal arteries [64]. In addition, the use of
antiplatelet therapy should be taken into account, and although
its use does not decrease the frequency of ischemic events in
TA, it may reduce the risk of restenosis [63]. Therefore,
6 months of antiplatelet therapy is recommended, as well as
post-surgical treatment with immunosuppressants to increase
the rate of successful results.

Conclusion

Takayasu arteritis remains a rare disorder, with worldwide
distribution but seen more frequently in Asian populations,
probably related to HLA-B*52 allele. Its etiology is unknown,
and its pathogenesis is complex and a result of environmental,
genetic, and immunologic abnormalities. There has been a
significant improvement in the use of imaging techniques on
diagnosis, monitoring, and response to therapy, and newer
biologic therapy appears highly promising. There remain a
number of issues that need further investigation including
the assessment of disease activity, differentiation TA activity
from remission, better diagnostic and classification criteria,
and selection of bDMARDs early in the disease.
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