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ABSTRACT

Takayasu’s arteritis (TAK) is a rare,
chronic, large-vessel vasculitis (LVV)
that predominantly affects aorta, its
major branches and the pulmonary ar-
teries. Recent controversial issues in
the diagnosis, disease assessment and
prognosis in TAK are discussed in this
review. In recent years, conventional
angiography, the standard method for
the initial diagnosis, seems to have been
replaced by the new imaging modali-
ties, such as MRI and 18F-FDG-PET.
Less invasive techniques (CT/MRI) are
now suggested first, compared to con-
ventional angiography, and MRI is pref-
erable to CT with less contrast load/ra-
diation. Ultrasound is useful for carotid
assessment, but being a user-dependent
technique, imaging of deeper vessels
(subclavian and aorta) are not reliable.
I8F-FDG-PET is useful especially in
patients with no vascular symptoms/
signs, fever of unknown origin or un-
explained acute-phase response. MRI
and 18F-FDG-PET are also promis-
ing for the assessment of disease activ-
ity. New tools for disease assessment
such as Indian Takayasu Arteritis Score
(ITAS2010) aim to better characterise
and quantify disease activity. Prognosis
is recently possibly getting better with
lower mortality, but a substantial dam-
age is present even in early cases. There
is a clear need to develop a validated
set of outcome measures to be used in
clinical trials of TAK. The OMERACT
Vasculitis Working Group has taken on
this task, finished a Delphi exercise with
experts and aims to develop a core set of
outcomes for LVV.

Introduction

Takayasu’s arteritis (TAK) is a rare,
chronic, large-vessel vasculitis (LVV)
that predominantly affects aorta, its
major branches and the pulmonary ar-
teries (1). Segmental stenosis, occlu-
sion, dilatation or aneurysm formation

may occur in the vessel wall during the
course of the disease. All large arteries
can be affected, but most frequently
involved are ascending/descending
aorta, subclavian and extra-cranial ar-
teries such as carotids (60-90%) (2-4).
Small- or medium-sized vessels are
rarely involved. Onset is usually below
50 years of age with an overwhelming
female dominance. The disease gener-
ally has a prolonged, indolent course
and acute events such as visual loss or
stroke are rare in TAK. In this review,
recent advances and controversial is-
sues in the clinical assessment of TAK
will be discussed.

Diagnosis and classification issues

Lack of a tissue biopsy or a specific
autoantibody, along with the non-
specific nature of imaging studies or
acute-phase reactants (APR), make the
diagnosis of Takayasu’s arteritis a chal-
lenging clinical issue. Classification
criteria for TAK were established by
the American College of Rheumatol-
ogy in 1990 (5). Although these criteria
have not been criticised much as other
ACR criteria sets (such as polyarteri-
tis nodosa) with over 90% sensitiv-
ity and 97% specificity in the original
cohort, the control group formed by
mainly small-vessel vasculitides (used
for similar ACR 1990 classification
criteria sets) which have limited com-
mon clinical features with TAK. The
usefulness of these criteria is therefore
limited in real-life setting, in differen-
tiation from atherosclerotic or congeni-
tal aortic vessel disease, especially in
the middle-aged population. Subcla-
vian stenosis (seen in up to 80% cases
with TAK), associated with atheroscle-
rotic disease, is present in up to 5.1%
of females when investigated in the
general population without symptoms
(6). Although the differences in vas-
cular pattern of involvement is usually
prominent (7, 8), some series suggest
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an overlap between giant cell arteritis
(GCA) and TAK (9) and new entities
such as [gG4-related diseases involving
aorta make the discrimination among
LVV subsets even more difficult. In a
recent series from Mayo Clinics, each
item in the 1990 classification criteria
(except imaging) was present in only
52-75% of the cases and a high sen-
sitivity is only achieved when an age
cut-off of 50 years and the exclusion of
GCA is used (10). In the recently com-
pleted first controlled therapeutic trial
of a biologic agent in TAK, an arterio-
graphic abnormality compatible with
TAK and shown by an angiographic
method is required for inclusion (11).
To overcome these problems, a global
Project, Diagnostic and Classification
in Vasculitis Study (DCVAS) is under-
way to form new classification criteria
for all vasculitides (12). For DCVAS, a
large control group including vasculi-
tis-mimics will also be evaluated.

Disease assessment: major
challenges

Assessment of the pattern and extent of
arterial involvement and measurement
of current inflammatory status are es-
sential for the optimal medical and in-
terventional management of TAK (13).
However, the lack of a “gold standard”
for disease activity in TAK presents a
major challenge in creating useful and
valid outcome tools for the assessment
of disease course. One of the major
difficulties is the differentiation be-
tween activity versus damage in LVV.
A vascular stenosis may be due to the
inflammation if is taking place in an
acute phase-clevated early state, how-
ever may also be a sign of an ongoing
atherosclerotic/inflammatory narrow-
ing of the vessel wall in longstanding
disease or the result of scarring.
Multiple empiric definitions of “remis-
sion/relapse” or ‘activity’ defined by
clinical features, based on biomark-
ers (acute-phase response) or vascular
imaging have been proposed and seem
sufficient for drug trials as the “primary
outcome” (11, 13). However various
other aspects of disease course such as
damage or patient-derived outcomes are
insufficiently explored until now (14).
The most commonly adopted approach
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for ‘disease activity’ is the simple defi-
nition originally used in a study from
US National Institute of Health (NIH)
with the presence of any two of: con-
stitutional symptoms, new-bruits, el-
evated acute-phase reactants or new
angiographic features (2). A literature
search performed for TAK have shown
that items in this NIH series were pre-
ferred by almost half of the studies to
define active disease (15).

Imaging in TAK

Conventional digital subtraction angio-
raphy (DSA) is the “gold standard” for
detecting stenosis, occlusions and an-
eurysms that characterise the late stages
of TAK and is the most reliable method
for lumen assessment (1). It also al-
lows aortic pressure measurement and
imaging of coronary arteries suitable
for radiological intervention. The typi-
cal angiographic finding is the presence
of “skip lesions”. Lesions are usually
observed close to the origin of the pri-
mary branches of the aorta and earliest
lesions are localised narrowing or ir-
regularities of the arterial lumen which
may progress to stenosis, occlusion or
aneurysm formation. However, DSA is
invasive, difficult to repeat and have a
high contrast load. It may be normal in
early disease, as it is the least sensitive
method for visualising wall thickness
(16).

CT/MRI

Contrast-enhanced MR-imaging/angio-
graphy (MRI/MRA) or CT angiogra-
phy (CTA) allow non-invasive imag-
ing of the aorta and its major branches.
CTA has a high resolution with a short
scanning time. It also demonstrates cal-
cifications which are observed more
frequently in atherosclerotic lesions. It
is minimally invasive, repeatable and in-
expensive. However, high radiation load
limits its use in the long-term (17).
Recently, MRA has became popular for
the diagnosis of TAK. Compared to in-
vasive angiography, three-dimensional
MRA can effectively show vessel wall
thickening (16, 17). Contrast-enhanced
MRA allows better soft-tissue differen-
tiation and can also depict other signs
of inflammation, including mural oede-
ma and increased mural vascularity.

Another advantage of MRA is the lack
of iodinated contrast material. MRA is
extensively investigated in the current
literature for evaluating vascular in-
flammation and increasingly replaced
invasive angiography. Although MRA
appears to be both highly accurate, sen-
sitive and safer compared to invasive
angiography in the diagnosis of TAK,
approximately 2% of stenotic arteries
were wrongly portrayed as occluded.
Some recent studies have suggested
that MRA technology has also the po-
tential to assess the disease activity
and response to treatment. Contrast-en-
hanced MRI detected oedema and en-
hancement of vascular wall, as well as a
reduction of the mural diameter on MR
images, associated with disease activ-
ity (18, 19). Furthermore, these studies
suggest that there is a close correlation
between wall thickness and/or oedema
of the vessel, enhancement of wall de-
tected by MR imaging and acute-phase
response. However, some other studies
showed no major MRA differences be-
tween active and inactive disease (20,
21).

I8F-FDG PET

Positron emission tomography (PET),
a modality based on the regional dis-
tribution of the glucose analogue 18F-
fluorodeoxyglucose (FDG), is an opera-
tor independent, non-invasive metabolic
imaging method. Immune cells (mac-
rophages etc) uptake 18F-FDG, espe-
cially when activated and 18F-FDG is
trapped inside the cells (16,17). Assess-
ment is done after 6 hours of fasting and
the blood glucose <160 mg/dl.
18F-FDG PET is a sensitive and spe-
cific imaging tool for large-vessel vas-
culitis. There are three main methods
of assessment with 18F-FDG uptake.
Qualitative visual method is an expert
opinion based, non-quantitative visual
assesment. In visual scoring, a semi-
quantitative analysis is applied, com-
paring the 18F-FDG uptake of a vas-
cular region of interest (ROI) with that
of the liver with a 0-3 grading (0 = no
uptake present - III = high-grade uptake
(uptake higher than liver uptake). In
semi-quantitative method direct aorta
standart uptake (SUV) or aorta/liver/
sup-inferior vena cava or pulmonary
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artery ratios are calculated. In a meta-
analysis of the literature using seven
studies, the pooled sensitivity and spec-
ificity of 18-FDG-PET is observed to
be 87% and 73% for the assessment of
disease activity in TAK (22).

However, there are important meth-
odological problems that need to be
standardised before 18-FDG-PET stud-
ies can be comparable. Liver SUVs
are quite variable (SUVs 2—4) accord-
ing to the presence of hepatosteatosis,
corticosteroid use and the severity of
inflammation. In visual assessment, it
is not clear whether the cut-off should
be equal to or higher than liver SUVs.
In a study of GCA with LVV, it was
shown that when SUV values equal or
higher is used, sensitivity is excellent
(100%), however specificity drops to
67%, whereas with only values higher
than liver as the cut-off, sensitivity ver-
sus specificity is more acceptable (83%
and 91%, respectively) (23). There is a
significant uptake also in atherosclerot-
ic plaques and corticosteroid use may
cause false negative results.

Recently, we have compared whether
an aorta/liver SUV maximum or mean
ratios give a better area under the curve
(AUC) values in TAK (24). Use of
liver maximum provided 72% speci-
ficity and sensitivity with AUC: 0.728,
whereas use of liver mean values had
a 71% sensitivity and 79% specificity,
with an AUC of 0.695. In this study,
18-FDG-PET was not sufficiently dis-
criminative between low-level disease
activity (increased APR or limited clin-
ical activity) and remission, suggesting
that clear definitions of active/inactive
disease should first be defined. Both
multi-centre clinical studies and expert
review is necessary and a EULAR task
force is formed to evaluate the literature
and provide recommendations for the
use of imaging in LVV.

Ultrasonography

As a non-invasive modality, ultrasound
(US), is studied, especially to investi-
gate the changes in carotid arteries, in
TAK. Doppler US can detect stenosis in
carotid arteries with a high sensitivity
(90%) and specificity (91%) (16, 17).
Contrast-enhanced ultrasound (CEUS)
may identify inflammation-driven hy-
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peraemia and neovascularisation, a
potential marker of disease activity.
CEUS is recently also reported to show
thickness of the vessel wall in TAK
and GCA. A scoring system for TAK
assessment with colour Doppler ultra-
sound (CDUS K) is recently presented
(25). This score examines 19 vascular
regions, scoring each for both steno-
sis and flow pattern. The correlation
with the angiography score was good,
but intra-thoracic vessels such as sub-
clavian were difficult to visualise and
produced the lowest kappa values in
this study. CDUS K scores each vessel
dichotomously (as 0 and 1), thus limit-
ing the assessment of further changes
in the vessel lumen. In a recent study,
the carotid CEUS vascularisation grade
significantly correlated with vascular
FDG uptake and maximum SUV in the
right carotid artery/mean SUV in the
superior vena cava (26). Although its’
non-invasiness and lack of ionising ra-
diation increases the feasibility of US,
further studies are warranted to con-
firm the potential of US for monitoring
disease activity and treatment in TAK.
As a summary of a practical approach
to imaging in TAK, Mavrogeni et al.
suggest the use of less invasive tech-
niques (CT/MRI) first compared to
DSA, and MR is preferable to CT with
less contrast load/radiation. US is use-
ful for carotid assessment, however as
a user-dependant technique imaging of
deeper vessels (subclavian and aorta)
are not reliable. PET is useful especial-
ly in patients with no vascular symp-
toms/signs, fever of unknown origin or
unexplained APR (16).

Laboratory - search for a biomarker
As in other inflammatory disorders,
search for a convenient, reliable and
validated biomarker for TAK still con-
tinues. Acute-phase response (eryth-
rocyte sedimentation rate (ESR) and
C-reactive protein) is frequently advo-
cated for disease assessment in TAK,
despite being shown to be neither
sensitive nor specific enough to moni-
tor disease activity. Serum biomarkers
such as IL-6, IL-8, IL-18, matrix met-
alloproteinase-9, VEGF and circulat-
ing endothelial progenitor cells are
previously suggested to be as candi-
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date biomarkers (4, 27, 28). Recently
Pentraxin-3 (PTX3) which is produced
by immune and vascular cells in re-
sponse to proinflammatory signals, is
suggested as a biomarker for disease
activity in patients with TAK. In a sin-
gle centre study from Italy, levels of
PTX3 were higher in patients with ac-
tive TAK (median, >2.14 ng/mL) than
in inactives (0.63 ng/mL), patients with
infections (0.26 ng/mL) and healthy
controls (0.11 ng/mL) (29). In another
study from Japan, Among the 28 pa-
tients with active TAK, 71% was posi-
tive for hsCRP and 82% for PTX3 (30).
However, we could not demonstrate a
discriminative value of PTX-3 levels
in our Turkish cohort (31), and in an-
other Italian study, PTX-3 levels were
similar between active versus inactive
patients and only CRP was higher in
active disease (32). As a new obser-
vation, this study found significantly
higher PTX-3 levels in a subset of pa-
tients showing detectable signs of vas-
cular inflammation by vascular imag-
ing, suggesting that PTX-3 may reflect
different aspects of inflammation than
CRP and might represent a biomarker
of actual arteritis in TAK.

Composite outcome measure in TAK
The Birmingham Vasculitis Activity
Score (BVAS) is a practical, one-page
score to document the clinical activity
of vasculitis. Although designed for all
vasculitides, BVAS is mostly used in
therapeutic trials of ANCA-associated
vasculitis. It is not popular with TAK
studies, as most of the 11 organ systems
in BVAS are not involved in TAK. Re-
cently, a version of BVAS, the Indian
Takayasu’s Arteritis Score (ITAS2010)
was introduced (33). ITAS2010 has
only 6 systems and scoring is weighted
for vascular items (0-2). ITAS2010
seems to have a good comprehensive-
ness and the inter-rater agreement is
better than physician’s global assess-
ment (PGA) (0.97 vs. 0.82). However,
convergent validity, when assessed by
comparison to PGA, is quite low at
the initial evaluation but improved at
subsequent study visits (r=0.51, 0.64,
and 0.72). Although CRP and ESR
had weak correlations with ITAS2010,
the authors also incorporated APR to
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the score (ITAS2010-A) by adding an
extra 1-3 points for elevated ESR or
CRP. This change resulted in higher
ITAS2010-A scores both in active and
inactive patients, and a cut-off of 4
points is suggested for a definition of
active disease.

In a study of Turkish patients during
routine follow-up, ITAS2010 was sig-
nificantly higher in patients with active
disease (34). However, total agree-
ment between ITAS2010 and PGA was
again moderate (66.4%), but was bet-
ter between ITAS2010 and NIH score
(82.8%). During follow-up, 14 of 15
patients showing vascular progres-
sion with imaging were categorised
as having inactive disease according
to ITAS2010. The low correlation of
ITAS2010 with PGA suggests that phy-
sicians seem to accept some patients
only with increased APR or new abnor-
malities on vascular imaging studies
(such as new vessel wall enhancement
or thickening seen by MRI or PET) as
‘active’, which were below the cut-off
values of ITAS2010 for active disease.

Outcome and prognosis

Although prognosis in a recent Japa-
nese series is reported to be improving,
there is still a significant delay in the
diagnosis of TAK and both morbidity
and mortality is increased with a high
rate of new, severe manifestations after
diagnosis (10, 35). Secondary hyper-
tension, congestive heart failure and
longer disease duration were risk fac-
tors for mortality in a series of Chinese
patients (36).

A significant subset of TAK patients
(44%) developed new severe manifes-
tations during follow-up in the VCRC
cohort from USA (37). In a recent se-
ries of Korean patients in remission,
22% had a relapse during a follow-up
of 37 months, which is mainly associat-
ed with Type V disease, suggesting that
low-level inflammation is associated
with the extent of the disease (38). In-
terestingly, disease starting > 40 years
is observed to have fewer relapses with
lower initial doses of corticosteroids for
remission induction in Japan (39).

As in other inflammatory disorders,
accelerated atherosclerosis is a possi-
ble risk factor for increased morbidity
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and mortality in TAK. Atherosclerotic
plaques (especially thoracic aortic cal-
cifications) are more frequent and caro-
tis intima-media thickness is increased
in TAK (40-42). Recently, in a com-
parative study of patients from USA
and Turkey, 10-year coronary heart
disease risk score and the incidence
of CVE was observed to be higher in
TAK patients compared to ethnically
matched controls (Alibaz-Oner et al.,
manuscript in preparation).
Assessment of ‘damage’ due to disease
or treatments such as corticosteroids are
becoming the cornerstone of long-term
follow-up of vasculitis patients and part
of the core set of outcome measures for
AAV, with a validated tool, vasculitis
damage index (VDI). In a recent series
from Turkey, VDI was assessed in 165
TAK patients with a mean follow-up of
60 months (43). VDI scores in TAK
were moderately high (mean: 4 (1-12))
and were mainly due to the disease it-
self with major vessel occlusion. Only
39% had treatment-related damage
and osteoporosis/vertebral fractures
were the main cause. Age, resistant
disease course, disease duration and
cumulative corticosteroid doses were
independently associated with damage,
suggesting that, even in experienced
centres, accumulation of damage is a
major challenge in the management of
TAK patients. Although not published
yet, a more-specific Takayasu arteritis
damage score (TADS) from India, and
a large-vessel vasculitis index of dam-
age (LVVID) score by VCRC are in the
development phases.

Conclusions

Current classification criteria for TAK
requires a better set of items to discrim-
inate among LVV and mimics. Con-
ventional angiography, the gold stand-
ard method for the diagnosis of TAK,
seems to be replaced with the new im-
aging modalities such as MRI and 18F-
FDG-PET in recent years. However, the
optimal imaging method for follow-up
and disease assessment is still contro-
versial. Pentraxin-3 is a possible bio-
marker, and new quantitative tools for
disease assessment such as Indian Ta-
kayasu Arteritis Score (ITAS2010) and
colour Doppler ultrasonograpy score

(CDUS) aim to better characterise and
quantify disease activity.

There is a clear need to develop a vali-
dated set of outcome measures for use
in clinical trials of TAK. The OMER-
ACT Vasculitis Working Group ad-
vanced a research agenda and a Delphi
exercise is completed to determine (1)
experts’consensus opinions on the dis-
ease domains and subdomains of im-
portance to study in LVV; and (2) a pre-
liminary set of outcomes and outcome
instruments to capture data on the do-
mains (Aydin SZ, manuscript in prepa-
ration). Further studies will explore the
definitions for flare, remission and re-
sponse and aim to improve disease as-
sessment tools with expert opinion and
patient data.
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