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Abstract
Objective  To develop and validate new classification 
criteria for Takayasu arteritis (TAK).
Methods  Patients with vasculitis or comparator 
diseases were recruited into an international cohort. 
The study proceeded in six phases: (1) identification of 
candidate criteria items, (2) collection of candidate items 
present at diagnosis, (3) expert panel review of cases, (4) 
data‐driven reduction of candidate items, (5) derivation 
of a points‐based classification score in a development 
data set and (6) validation in an independent data set.
Results  The development data set consisted of 316 
cases of TAK and 323 comparators. The validation 
data set consisted of an additional 146 cases of TAK 
and 127 comparators. Age ≤60 years at diagnosis and 
imaging evidence of large‐vessel vasculitis were absolute 
requirements to classify a patient as having TAK. The 
final criteria items and weights were as follows: female 
sex (+1), angina (+2), limb claudication (+2), arterial 
bruit (+2), reduced upper extremity pulse (+2), reduced 
pulse or tenderness of a carotid artery (+2), blood 
pressure difference between arms of ≥20 mm Hg (+1), 
number of affected arterial territories (+1 to +3), paired 
artery involvement (+1) and abdominal aorta plus renal 
or mesenteric involvement (+3). A patient could be 
classified as having TAK with a cumulative score of ≥5 
points. When these criteria were tested in the validation 
data set, the model area under the curve was 0.97 (95% 
CI 0.94 to 0.99) with a sensitivity of 93.8% (95% CI 
88.6% to 97.1%) and specificity of 99.2% (95% CI 
96.7% to 100.0%).
Conclusion  The 2022 American College of 
Rheumatology/EULAR classification criteria for TAK are 
now validated for use in research.

Introduction
Takayasu arteritis (TAK) is one of the major forms 
of large‐vessel vasculitis (LVV).1 TAK is a chronic 
disease defined by granulomatous inflamma-
tion affecting the aorta and its primary branches. 
Complications from vascular damage can result in 
substantial morbidity including stroke, myocar-
dial infarction, mesenteric ischaemia and limb 
claudication.

Unlike diagnostic criteria, the purpose of clas-
sification criteria is to ensure that a homogeneous 
population is selected for inclusion into clin-
ical trials and other research studies.2 In 1990, 
the American College of Rheumatology (ACR) 
endorsed classification criteria for TAK.3 These 

criteria were developed using data from only 63 
patients with TAK and have never been inde-
pendently validated. In addition, these criteria 
were derived using data from patients exclusively 
from North America without representation from 
Europe or Asia, where clinical patterns of disease 
may differ,4 limiting the generalisability of results. 
Given these constraints, the 1990 ACR criteria 
for TAK no longer satisfy accepted current stan-
dards5 for classification criteria development, 
and updated criteria are warranted. Further high-
lighting a need for uniform, revised criteria in TAK 
is the use of divergent eligibility criteria to define 
study populations in two recent randomised clin-
ical trials conducted in North America and Japan, 
making comparisons between the trial findings 
difficult.6 7

Advancements in imaging techniques and the 
ongoing adoption of noninvasive vascular imaging 
approaches in clinical practice have broadened 
understanding of the clinical heterogeneity in 
LVV.8 Disease of the extracranial arteries is increas-
ingly recognised in patients with giant cell arteritis 
(GCA), making the distinction between TAK and 
GCA more challenging.9 Age is typically used as a 
primary classifier to differentiate between TAK and 
GCA; however, specific age thresholds to define 
each disease have not been standardised. There-
fore, in addition to incorporating data from a larger 
patient population from a wider geographical spec-
trum, the updated TAK classification criteria should 
reflect modern clinical practice, including current 
imaging techniques, and also define specific age 
thresholds.

This article outlines the development and valida-
tion of the new ACR/EULAR‐endorsed classifica-
tion criteria for TAK.

Methods
An international Steering Committee comprising 
clinician investigators with expertise in vasculitis, 
statisticians and data managers was established to 
oversee the overall development of classification 
criteria for primary vasculitis.10 A detailed and 
complete description of the methods involved in 
the development and validation of the classifica-
tion criteria for TAK is located in online supple-
mental appendix 1. Briefly, the Steering Committee 
implemented a six‐stage plan using data‐driven and 
consensus methodology to develop the following 
criteria.
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Stage 1: generation of candidate classification items for the 
systemic vasculitides
Candidate classification items were generated by expert opinion 
and reviewed by a group of vasculitis experts across a range of 
specialties using nominal group technique.

Stage 2: Diagnostic and Classification Criteria for Vasculitis 
(DCVAS) prospective observational study
A prospective, international, multisite observational study was 
conducted (see Appendix A for study investigators and sites). 
Consecutive patients representing the full spectrum of vascu-
litides were recruited from academic and community practices. 
Patients were included if they were 18 years or older and had 
a diagnosis of vasculitis or a condition that mimics vasculitis 
(eg, infection, malignancy and atherosclerosis). Patients with 
TAK could only be enrolled within 5 years of diagnosis. Only 
data present at diagnosis were used to develop the classification 
criteria.

Stage 3: expert review to derive a gold standard defined set 
of cases of large-vessel vasculitis
Experts in vasculitis from a wide range of geographical locations 
and specialties (see Appendix A) reviewed all submitted cases 
of vasculitis and a random selection of vasculitis mimics. Each 
reviewer was asked to review ~50 submitted cases to confirm 
the diagnosis and to specify the degree of certainty of their 
diagnosis as follows: very certain, moderately certain, uncertain 
or very uncertain. Only cases agreed on with at least moderate 
certainty by two reviewers were retained for further analysis.

Stage 4: refinement of candidate items specifically for large-
vessel vasculitis
The Steering Committee conducted a data‐driven process to 
reduce the number of candidate items of relevance to cases and 
comparators for LVV. Density plots were assessed to study age 
distribution at diagnosis and symptom onset for TAK and GCA. 
Absolute age requirements vs incorporation of age as a candi-
date criteria item were considered. Items related to the vascular 
physical examination, vascular imaging, arterial biopsy and labo-
ratory values were combined or eliminated based on consensus 
review. Items were selected for exclusion if they had a preva-
lence of <5% within the data set, and/or they were not clini-
cally relevant for classification criteria (eg, related to infection, 
malignancy or demography). Low‐frequency items of clinical 
importance could be combined, when appropriate. Patterns of 
vascular imaging findings detected by vascular ultrasound, angi-
ography, or positron emission tomography were defined by K‐
means clustering.11

Stage 5: derivation of the final classification criteria for TAK
The DCVAS data set was split into development (70%) and 
validation (30%) sets. Comparisons were performed between 
cases of TAK and a randomly selected comparator group in the 
following proportions: GCA, 33.6%; other vasculitides that 
mimic GCA and TAK (isolated aortitis, primary central nervous 
system vasculitis, polyarteritis nodosa, Behçet’s disease and 
other LVV), 33.1%; a comparator mimic of LVV (eg, headache 
syndrome or atherosclerosis), 33.3%. Least absolute shrinkage 
and selection operator (lasso) logistic regression was used to 
identify predictors from the data set and create a parsimonious 
model including only the most important predictors. The final 
items in the model were formulated into a clinical risk‐scoring 
tool, with each factor assigned a weight based on its respective 

regression coefficient. A threshold that best balanced sensitivity 
and specificity was identified for classification.

Stage 6: validation of the final classification criteria for TAK
Performance of the new criteria was validated in an independent 
set of cases and comparators. Performance of the final classifi-
cation criteria was examined in specific subsets of patients with 
TAK using data from the combined development and validation 
sets, to maximise sample sizes for the subgroups. Patients were 
studied according to different intervals of age at diagnosis to 
determine if the criteria performed well across the age spectrum 
of TAK. Performance characteristics of the new criteria were also 
tested in patients recruited into the DCVAS study from different 
regions of the world where prevalence of TAK and clinical assess-
ment approaches may differ. Comparison was made between the 
measurement properties of the new 2022 ACR/EULAR classifi-
cation criteria for TAK and the 1990 ACR classification criteria.

Results
Generation of candidate classification items for the systemic 
vasculitides
The Steering Committee identified >1000 candidate items for 
the DCVAS Case Report Form (online supplemental appendix 
2).

DCVAS prospective observational study
Between January 2011 and December 2017, the DCVAS study 
recruited 6991 participants from 136 sites in 32 countries. Infor-
mation on the DCVAS sites, investigators and study participants 
is listed in online supplemental appendices 3, 4 and 5.

Expert review methodology to derive a gold standard-defined 
final set of cases of LVV
The LVV expert panel review process included 56 experts who 
reviewed vignettes derived from the Case Report Forms for 2131 
cases submitted with a diagnosis of LVV (1608 [75.5% of Case 
Report Forms]), another type of vasculitis (118 [5.5% of Case 
Report Forms]) or a mimic of vasculitis (405 [19.0% of Case 
Report Forms]). Characteristics and the list of expert reviewers 
are shown in online supplemental appendices 6 and 7. A sample 
vignette and the LVV expert panel review flow chart are shown 
in online supplemental appendices 8 and 9. A total of 1695 cases 
(80%) passed the main LVV process. An additional 373 cases 
of LVV and comparators, confirmed during a previous review 
process to derive the classification criteria for antineutrophil 
cytoplasmic antibody-associated vasculitis, were also included. 
In total, after both review processes, 2068 cases were available 
for the stages 4 and 5 analyses.

The submitting physician diagnosis of TAK was confirmed 
in 500 of 610 cases (82.0%) after both expert panel reviews. 
The reasons for exclusion were diagnosis of TAK categorised 
as ‘uncertain’ or ‘very uncertain’ during panel review (n=95) 
or change in diagnosis during panel review to another type of 
vasculitis (eg, GCA, isolated aortitis, LVV that could not be 
subtyped) (n=10) or to a comparator disease (n=5). An addi-
tional 9 patients who were not initially diagnosed as having 
TAK by the submitting physician were diagnosed as having 
TAK after panel review and DCVAS Steering Committee 
member adjudication. Per Steering Committee consensus, 
imaging evidence of LVV was considered an absolute require-
ment to classify TAK. Of 509 cases confirmed by expert panel 
review, 47 patients with TAK did not have documented disease 
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Table 1  Demographic and disease features of the patients with 
Takayasu arteritis and the comparators*

TAK
(n=462)

Comparators
(n=450)† P value

Age, mean±SD years 32.3±10.4 58.6±18.0 <0.001

Female sex 391 (84.6) 246 (54.7) <0.001

Clinical features

 � Angina 56 (12.1) 7 (1.6) <0.001

 � Arm claudication 233 (50.4) 11 (2.4) <0.001

 � Leg claudication 88 (19.0) 17 (3.8) <0.001

Vascular examination findings

 � Arterial bruit 263 (56.9) 32 (7.1) <0.001

 � Reduced or absent pulse in upper 
extremity

309 (66.9) 309 (66.9) <0.001

 � Carotid artery with reduced pulse or 
tenderness

171 (37.0) 16 (3.6) <0.001

 � Difference in systolic blood pressure 
≥20 mm Hg between arms

190 (41.1) 16 (3.6) <0.001

Imaging findings

 � 1 affected arterial territory 76 (16.5) 36 (8.0) <0.001

 � 2 affected arterial territories 114 (24.7) 12 (2.7) <0.001

 � ≥3 affected arterial territories 89 (19.2) 5 (1.1) <0.001

 � Vasculitis affecting paired branch 
arteries

140 (30.3) 12 (2.7) <0.001

 � Abdominal aorta involvement 
with renal or mesenteric artery 
involvement

83 (18.0) 5 (1.1) <0.001

*Except where indicated otherwise, values are the number (%).
†Diagnoses of comparators for the classification criteria for TAK included giant cell 
arteritis (n=151), Behçet’s disease (n=80), polyarteritis nodosa (n=39), clinically 
isolated aortitis (n=12), primary central nervous system vasculitis (n=11), large‐
vessel vasculitis (LVV) that could not be subtyped (n=7) and other diseases that 
mimic LVV (n=150).
TAK, Takayasu arteritis.

according to a vascular imaging study and were excluded from 
further analysis, leaving a total of 462 patients with TAK for 
subsequent analysis.

Refinement of candidate items specifically for TAK.
Patients with TAK were diagnosed in the following age groups: 
18–39 years (n=355; 77%); 40–60 years (n=104; 23%); 
and >60 years (n=3; <1%) (see online supplemental appendix 
10 for the distribution of ‘age at diagnosis’ in patients with LVV, 
and the similar distribution of ‘age at symptom onset,’). There-
fore, an age of ≤60 years at diagnosis was considered an absolute 
requirement to classify a patient as having TAK.

Prevalence of arterial damage (stenosis, occlusion or aneu-
rysm) was greater in TAK compared with GCA in the following 
nine arterial territories: thoracic aorta, abdominal aorta, left and 
right carotid, left and right subclavian, mesenteric and left and 
right renal arteries (online supplemental appendix 11). There-
fore, a composite variable representing the number of affected 
arteries was created based on luminal damage in those nine 
territories. As previously reported, cluster analyses identified 
vascular damage in the abdominal aorta and the renal or mesen-
teric arteries as a specific imaging pattern for TAK in the DCVAS 
cohort11; thus, this arterial pattern was tested as a potential clas-
sifier of TAK (online supplemental appendix 12). Symmetric 
disease in branch arteries (carotid, subclavian and renal arteries) 
was seen in 30.3% patients with TAK compared with 2.7% of the 
comparators (p<0.01), and therefore, was included as a poten-
tial classifier. A systolic blood pressure difference of ≥20 mm Hg 
between upper extremities optimised specificity to differentiate 
TAK from other forms of LVV.

Following a data‐driven and expert consensus process, 72 
items from the DCVAS Case Report Form were retained for 
lasso regression analysis, including 32 demographic and clin-
ical items, 14 laboratory items (including values of C reactive 
protein level and erythrocyte sedimentation rate, each divided 
into 5 categories), 14 imaging items (13 composite), 11 
vascular examination items (5 composite and upper extremity 
blood pressure divided into 6 categories) and 1 arterial biopsy 
item (online supplemental appendix 13). Criteria for TAK and 
GCA were independently derived from this common set of 72 
items.

Derivation of the final classification criteria for TAK.
Table  1 lists the demographic and disease features of the 462 
patients with TAK and 450 comparators used to develop and 
validate the criteria, of which 316 patients with TAK and 323 
comparators were in the development data set and 146 patients 
with TAK and 127 comparators were in the validation data 
set. The patients with TAK were recruited from Asia (n=298), 
Europe (n=130), North America (n=28), Africa (n=3) and 
Oceania (n=3). Clinical diagnoses assigned to patients in the 
comparator group are detailed in online supplemental appendix 
14.

Lasso logistic regression analysis using all 72 items resulted in 
a model of 9 independent items (online supplemental appendix 
15B). Weighting of individual criterion was based on logistic 
regression fitted to the nine selected predictors. The number 
of affected arterial territories functioned as an almost perfect 
classifier (online supplemental appendix 16B) and was thus also 
included in the final model, with criterion weighting determined 
by consensus of the Steering Committee (online supplemental 
appendix 17B).

Validation of the final classification criteria for TAK
Using a cut-off of ≥5 in total risk score in the validation data set 
(see online supplemental appendix 18B for cut-off points), the 
sensitivity was 93.8% (95% CI 88.6% to 97.1%), and the spec-
ificity was 99.2% (95% CI 96.7% to 100.0%). The area under 
the curve for the model was 0.97 (95% CI 0.94 to 0.99) (online 
supplemental appendix 19B). The final classification criteria for 
TAK are shown in figure 1 (for the slide presentation versions, 
see online supplemental figure 1).

The performance characteristics of the criteria in different 
subsets of patients with TAK are shown in table 2 and online 
supplemental appendix 20B. For patients who were diagnosed 
between 18 and 39 years of age, the sensitivity of the criteria was 
94.0% (95% CI 91.0% to 96.3%), and the specificity was 97.7% 
(95% CI 91.9% to 99.7%). For patients who were diagnosed 
between 40 and 60 years of age, the sensitivity of the criteria 
was 83.7% (95% CI 75.1% to 90.2%) and the specificity was 
91.8% (95% CI 85.4% to 96.0%). Because age restrictions are 
absolute requirements for the 2022 ACR/EULAR classification 
criteria for TAK (≤60 years at diagnosis) and GCA (≥50 years 
at diagnosis), patients with LVV between the ages of 50 and 
60 years are potentially eligible to fulfil criteria for TAK and 
GCA. Of the 26 patients with TAK diagnosed between the 
ages of 50 and 60 years, 23 (88.5%) were classified correctly as 
having TAK, 1 (3.9%) was incorrectly classified as having GCA, 
and 1 (3.9%) fulfilled criteria for both TAK and GCA (online 
supplemental appendix 21). The criteria performed well in both 
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Figure 1  The final 2022 American College of Rheumatology/EULAR classification criteria for Takayasu arteritis.

Asia (sensitivity 92.0%, specificity 93.2%) and Europe/North 
America (sensitivity 90.5%, specificity 94.4%).

When the 1990 ACR classification criteria for TAK were 
applied to the DCVAS validation data set, the criteria performed 
poorly due to low sensitivity (84.3% (95% CI 77.3% to 89.7%)) 
but retained excellent specificity (99.2% (95% CI 95.7% to 
100.0%)). In particular, the 1990 criteria had poor sensitivity 
for patients who were diagnosed as having TAK between 40 and 
60 years of age (62.5% (95% CI 52.5% to 71.8%)).

Discussion
Presented here are the final 2022 ACR/EULAR TAK classifica-
tion criteria. A six‐stage approach was used, underpinned by data 
from the multinational, prospective DCVAS study and informed 
by expert review and consensus at each stage. The comparator 
group for developing and validating the criteria were other 
vasculitides and conditions that mimic TAK, where discrim-
ination from TAK is difficult but important. In the validation 
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Table 2  Performance characteristics of the 2022 ACR/EULAR classification criteria for Takayasu arteritis*

Patient subset Total no patients (no TAK patients) Sensitivity (95% CI) Specificity (95% CI) AUC (95% CI)

Development data set 639 (316) 89.9 (86.0 to 93.0) 96.6 (94.0 to 98.3) 0.93 (0.91 to 0.95)

Validation data set 273 (146) 93.8 (88.6 to 97.1) 99.2 (96.7 to 100.0) 0.97 (0.94 to 0.99)

Age intervals

 � 18–39 years 437 (351) 94.0 (91.0 to 96.3) 97.7 (91.9 to 99.7) 0.96 (0.94 to 0.98)

 � 40–60 years 226 (104) 83.7 (75.1 to 90.2) 91.8 (85.4 to 96.0) 0.88 (0.83 to 0.92)

World regions

 � North America 127 (28) 85.7 (67.3 to 96.0) 92.9 (86.0 to 97.1) 0.89 (0.82 to 0.96)

 � Europe 422 (130) 91.5 (85.4 to 95.7) 94.9 (91.7 to 97.1) 0.93 (0.90 to 0.96)

 � North America/Europe combined 549 (158) 90.5 (84.8 to 94.6) 94.4 (91.6 to 96.4) 0.92 (0.90 to 0.95)

 � Asia 357 (298) 92.0 (88.3 to 94.8) 93.2 (83.5 to 98.1) 0.94 (0.89 to 0.96)

*Performance characteristics for the age and regional subsets were reported using data from the combined development and validation data sets to maximise sample size.
ACR, American College of Rheumatology; AUC, area under the curve; TAK, Takayasu arteritis.

data set, the new criteria had a sensitivity of 93.8% (95% CI 
88.6% to 97.1%) and a specificity of 99.2% (95% CI 96.7% to 
100.0%). These are the official final values that should be quoted 
when referring to the criteria. The sensitivity and specificity 
values calculated in the development data set were very similar, 
providing reassurance that the statistical methods avoided over-
fitting of models. Calculations of sensitivity and specificity for 
patient subgroups were made in the combined development and 
validation data sets to maximise sample sizes for the subgroups. 
Reassuringly, the new criteria for TAK have excellent sensitivity 
and specificity across different regions of the world. The criteria 
also incorporate modern imaging techniques, which are useful 
both to diagnose LVV and to differentiate among different types 
of vasculitis. The criteria were designed to have face and content 
validity for use in clinical trials and other research studies.

These criteria are validated and intended for the purpose of 
classification of vasculitis and are not appropriate for use to 
establish a diagnosis of vasculitis.2 The aim of the classification 
criteria is to differentiate cases of TAK from similar types of 
vasculitis in research settings.5 Therefore, the criteria should only 
be applied when a diagnosis of LVV or medium-vessel vasculitis 
has been made and all potential ‘vasculitis mimics’ have been 
excluded. For example, the criteria were not developed to differ-
entiate patients with TAK from patients with atherosclerosis or 
noninflammatory genetic diseases that damage the large arteries. 
The 1990 ACR classification criteria for vasculitis perform 
poorly when used for diagnosis (ie, when used to differentiate 
between cases of vasculitis vs mimics without vasculitis), and it 
is expected that the 2022 criteria would also perform poorly if 
used inappropriately as diagnostic criteria.12

The 2022 ACR/EULAR TAK classification criteria reflect the 
collaborative effort of the international vasculitis community 
to delineate the salient clinical features that differentiate TAK 
from other forms of vasculitis, most notably GCA. The final 
criteria include 10 clinical items that are routinely assessed 
during clinical evaluation of patients with TAK. The criteria 
highlight the importance of clinical symptoms, vascular phys-
ical examination and vascular imaging as important disease 
classifiers. Features of TAK may differ in patients from different 
parts of the world.13 The 2022 ACR/EULAR TAK classification 
criteria retained excellent performance characteristics when 
tested in patients from different regions, including Asia where 
the disease is most prevalent.14 While TAK is often considered 
a disease of the young, 25% of the patients with TAK in the 
DCVAS cohort were older than 40 years at the time of diag-
nosis. Therefore, an age at diagnosis of ≤60 years, rather than 
a lower age threshold, was set as an absolute requirement for 

disease classification. The 2022 ACR/EULAR TAK classifi-
cation criteria performed well when applied to patients ages 
18–60 years and outperformed the 1990 ACR Classification 
Criteria for TAK in the subset of patients diagnosed as having 
TAK ages 40–60 years.

There are several strengths of the new 2022 ACR/EULAR 
TAK classification criteria. The criteria were developed by a 
large group of international experts in systemic vasculitis, with 
guidance from the ACR regarding modern methods of classi-
fication criteria development. The criteria represent several 
important methodologic advancements compared with the 
original 1990 ACR classification criteria for TAK. First, expert 
review rather than submitting physician diagnosis was used as 
the diagnostic reference standard to minimise investigator bias. 
Second, while the 1990 ACR criteria were entirely derived 
using data from 63 North American patients with TAK and not 
validated in a separate data set, the new criteria were developed 
in 316 patients with TAK and validated in an independent data 
set which contained an additional 146 patients with TAK from 
an international cohort. Third, unlike the 1990 ACR criteria, 
the new ACR/EULAR TAK criteria are weighted to reflect the 
relative importance of specific items (eg, number of affected 
arterial territories). Finally, when both criteria sets were tested 
within the DCVAS cohort, the performance characteristics of 
the 2022 ACR/EULAR TAK criteria outperformed the 1990 
ACR criteria.

There are some study limitations to consider. Acquisition of 
clinical and imaging data among patients with LVV and compar-
ators was not standardised (eg, not all pulses were recorded by 
the investigators; patients with suspected diagnosis of TAK rarely 
underwent investigation of the cranial arteries; temporal artery 
biopsy was not performed in all patients with suspected GCA). 
However, this limitation reflects the existing differences in how 
these diseases are assessed in routine clinical practice. Most 
patients were recruited from Europe, Asia and North America, 
with fewer patients from Africa and Oceania. The performance 
characteristics of the criteria should be further tested in popula-
tions that were underrepresented in the DCVAS cohort and may 
have different clinical presentations of TAK. These criteria were 
developed using data collected from adult patients with vascu-
litis and should be tested in children with TAK.15

The 2022 ACR/EULAR classification criteria for TAK are the 
product of a rigorous methodologic process that used an exten-
sive data set generated by the work of a remarkable international 
group of collaborators. These criteria have been endorsed by the 
ACR and EULAR and are now ready for use in research.
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