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Abstract
Objectives—To compare patterns of arteriographic lesions of the aorta and primary branches in
patients with Takayasu’s arteritis (TAK) and giant cell arteritis (GCA).

Methods—Patients were selected from two North American cohorts of TAK and GCA. The
frequency of arteriographic lesions was calculated for 15 large arteries. Cluster analysis was used
to derive patterns of arterial disease in TAK versus GCA and in patients categorised by age at
disease onset. Using latent class analysis, computer derived classification models based upon
patterns of arterial disease were compared with traditional classification.

Results—Arteriographic lesions were identified in 145 patients with TAK and 62 patients with
GCA. Cluster analysis demonstrated that arterial involvement was contiguous in the aorta and
usually symmetric in paired branch vessels for TAK and GCA. There was significantly more left
carotid (p=0.03) and mesenteric (p=0.02) artery disease in TAK and more left and right axillary
(p<0.01) artery disease in GCA. Subclavian disease clustered asymmetrically in TAK and in
patients ≤55 years at disease onset and clustered symmetrically in GCA and patients >55 years at
disease onset. Computer derived classification models distinguished TAK from GCA in two
subgroups, defining 26% and 18% of the study sample; however, 56% of patients were classified
into a subgroup that did not strongly differentiate between TAK and GCA.
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Conclusions—Strong similarities and subtle differences in the distribution of arterial disease
were observed between TAK and GCA. These findings suggest that TAK and GCA may exist on a
spectrum within the same disease.

BACKGROUND
Takayasu’s arteritis (TAK) and giant cell arteritis (GCA) are the two most common types of
large vessel vasculitis. Historically, TAK and GCA have been considered distinct diseases
on the basis of differences in age at disease onset, ethnic distribution and clinical features
including predilection for certain arterial territories. Recent observations, however, have
prompted speculation as to whether TAK and GCA compromise a spectrum within a single
disease.1 All patients with TAK have disease involvement of the aorta or its primary
branches. In contrast, GCA is traditionally considered a disease of the cranial arteries, yet
recent reports estimate that 20%–30% of patients with GCA also have radiographic evidence
of arterial disease in the aorta and its primary branches2–4 and one older study found that, at
necropsy, all patients with GCA had vasculitic changes in the large arteries.5 Furthermore,
arterial histology may be indistinguishable in TAK and GCA.15

The 1990 American College of Rheumatology (ACR) classification criteria for vasculitis are
used to distinguish between TAK and GCA but do not adequately differentiate between
TAK and the subset of GCA with large vessel involvement.67 The criteria for TAK focus on
large vessel disease of the aorta and primary branches. In contrast, the criteria for GCA were
developed at a time when large vessel involvement was not a well-recognised feature of
GCA and focus instead on the cranial aspects of the disease. Ultimately, age at the time of
disease onset is often what is used to classify patients with large vessel involvement as
having either TAK or GCA. Using the age criterion proposed in the 1990 ACR classification
criteria, patients with large vessel vasculitis and disease onset at less than 40 years of age are
classified as having TAK and those with disease onset at greater than 50 years of age are
classified as having GCA; it is unclear how to classify patients with the onset of large vessel
vasculitis between the ages of 40 and 50 years as this age group is not specified in the
criteria.

In a recent study, cluster analysis was used to demonstrate novel patterns of arteriographic
lesions in 82 patients with TAK.8 Lesions were generally symmetrical in paired arteries (eg,
right and left carotid arteries) and contiguous in the aorta. Whether similar patterns exist in
patients with GCA and large vessel involvement is unknown. Similarity of arteriographic
patterns in TAK and GCA would suggest that TAK and GCA exist on a spectrum within the
same disease. If arteriographic patterns are different in TAK and GCA, these potential
differences could be used in the ongoing development of new classification criteria for
vasculitis.9

The objectives of the current study were: (1) to compare the occurrence of arteriographic
lesions in the aorta and primary branches in patients with large vessel vasculitis; (2) to
determine if patterns of arteriographic disease differ between patients with TAK and GCA
and between patients categorised by age at disease onset; and (3) to explore novel ways to
classify large vessel vasculitis using computer-generated models of disease classification
based upon patterns of arterial involvement.

METHODS
Study sample

Patients with TAK and GCA were selected from two cohorts, the Vasculitis Clinical
Research Consortium (VCRC) and the Cleveland Clinic Foundation (CCF). The VCRC is a
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National Institutes of Health supported, international, multicentre research infrastructure
dedicated to conducting clinical research in different forms of vasculitis. Patients with TAK
and GCA enrolled in VCRC longitudinal, observational cohorts from 2006 to 2010 were
selected for this study. Six VCRC centres provided patients for analysis. The CCF cohort
consists of patients with TAK and GCA who were under the care of a single investigator
from 1992 to 2006. Since the CCF is a participating centre within the VCRC, data from
patients enrolled in both the cohorts were assigned to only one cohort.

All patients with TAK fulfilled the 1990 ACR criteria for classification of TAK. Patients
with GCA were included in this study if they had arteriographic lesions of the aorta or
primary branch vessels clinically attributed to vasculitis and were either 50 years or older at
disease onset or fulfilled the 1990 ACR criteria for classification of GCA.

Data elements
Baseline demographic information including age, sex, race, ethnicity, time of disease onset
and disease duration was recorded. Disease onset was defined as the date of initial
identification of vascular symptoms that were subsequently determined to be compatible
with vasculitis and not attributable to comorbid conditions.

All patients underwent magnetic resonance angiography of the aorta and its primary
branches. Clinical radiologists at each participating institution assessed the angiograms for
the presence of artery-specific lesions, and study investigators reviewed and recorded
angiogram findings using standardised data collection forms. In the VCRC and CCF
cohorts, arteriographic lesions were defined as stenosis, occlusion or aneurysm. Presence of
abnormal arterial wall thickness was recorded in the CCF cohort, but given the unclear
prognostic significance of this finding, wall thickness was not recorded in the VCRC cohort.
For patients who underwent multiple angiograms over time, the most recent angiogram was
selected for analysis.

Analytic methods
The frequency of artery-specific lesions was calculated for the following 15 arteries:
thoracic aorta, abdominal aorta, carotid arteries, vertebral arteries, subclavian arteries,
axillary arteries, renal arteries, mesenteric arteries (celiac, superior mesenteric and inferior
mesenteric arteries) and iliofemoral arteries. The frequencies of artery-specific lesions were
compared between TAK and GCA using Fisher’s exact test.

Cluster analysis was used to identify patterns of arterial disease. Individual arteries were
clustered on the presence or absence of arteriographic lesions, and agglomerative,
hierarchical clustering was performed.10 The cluster algorithm started with each individual
artery as a single cluster. In successive iterations, the two nearest clusters were merged
together on the basis of a measure of similarity to form a new, unique cluster. The process
was repeated until all of the data were contained in one cluster.

An important step in cluster analysis is to choose a measure of similarity to define the
relationship of the data variables, and a common critique of cluster analysis is that different
methods can sometimes yield disparate results. Therefore, three different measures of
similarity were analysed in parallel to determine if results were consistent across different
clustering approaches. The three different measures of similarity were based upon: (1) ϕ
coefficient correlation, (2) tetrachoric coefficient correlation and (3) principal component
analysis. To allow for comparison with the recently reported cluster analysis in TAK,8

correlation matrices were created using the ϕ coefficient. The ϕ coefficient is a measure of
correlation between categorical data with two categories (ie, presence or absence of
arteriographic disease).11 The tetrachoric coefficient, like the ϕ coefficient, is a measure of
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correlation between categorical data but also assumes that the variable underlying each
dichotomous measure is normally distributed.12 Distance between clusters in the ϕ and
tetrachoric coefficient correlation techniques was calculated using the Euclidian distance,
and Ward’s method was used to agglomerate the clusters. In the principal component
approach, clusters were determined by calculating the first principal component and
maximising the sum across clusters of the variation accounted for by the cluster
components. Distance between clusters in the principal component approach was calculated
using average linkage. Since only the CCF cohort incorporated wall thickness into the
definition of arterial disease, sensitivity analyses were performed to see if cluster patterns
differed according to the definition of arterial disease.

Tree dendograms were created to visualise cluster patterns. Individual tree dendograms from
patients with TAK and GCA were visually compared. Tree dendograms were also derived in
patients categorised by age at the time of disease onset as follows: <40 years, 40–55 years
and >55 years.

Latent class analysis was used to explore novel ways of classifying large vessel vasculitis
based upon patterns of arterial lesions.13 Latent class analysis relates a set of observed
categorical variables to a set of latent variables. A latent class model assumes that the
variables of interest (ie, individual arteries) are conditionally independent and related only
via an underlying latent class (eg, disease entity) which causes the association. A latent class
model with the optimal number of computer derived subgroups (latent classes) was
determined using model fit statistics, including the likelihood ratio G2, Akaike information
criteria and Bayesian information criteria values. Posterior probabilities of latent class
membership were calculated for each patient using Bayes’s theorem. Logistic regression
was used to assess whether a patient’s probability of membership to a latent class was
associated with the traditional diagnoses of TAK and GCA.

All statistical analyses were done using SAS 9.1 (SAS Institute, Cary, North Carolina,
USA).

RESULTS
Subject characteristics

One-hundred and forty-five patients with TAK and 62 patients with GCA were included in
the analysis. Baseline demographics, reported by cohort and disease, are displayed in table
1.

In both cohorts, patients with GCA underwent angiography at the discretion of the physician
if there was a clinical suspicion for large vessel disease. Among patients with GCA, 10/28
(36%) in the VCRC cohort and 11/34 (32%) in the CCF cohort had large vessel disease in
absence of features of cranial arteritis. Among patients with GCA who had features of
cranial arteritis, biopsy proven temporal artery involvement was demonstrated in 6/18 (33%)
in the VCRC cohort and 10/23 (44%) in the CCF cohort.

Frequency of arteriographic lesions
The occurrence of arteriographic lesions in TAK and GCA is compared in table 2. No
significant differences in the frequency of arterial disease were observed between TAK and
GCA for 11 of the 15 arteries of interest. There was significantly more left carotid (p=0.03)
and mesenteric (p=0.02) artery disease in TAK and substantially more left and right axillary
(p<0.01) artery disease in GCA. The highest frequency of arterial disease in patients with
TAK was observed in the left subclavian artery. Asymmetric involvement of the subclavian
arteries was seen more frequently in TAK (63 of 139; 45%) compared with GCA (10 of 57;
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18%) (p<0.01). Ninety-seven per cent of all arterial lesions were stenotic or occlusive, 3% of
all lesions were aneurysmal and there were no significant differences observed in the type of
arterial lesions between TAK and GCA.

When stratified by cohort, there were no significant differences in the frequency of
arteriographic lesions in any of the aortic branch vessels. There was significantly more
thoracic and abdominal aortic disease (p<0.01) in the CCF cohort than in the VCRC cohort.
When wall thickness was not incorporated into the definition of arteriographic lesions in the
CCF cohort, there were no longer significant differences in aortic involvement between the
CCF and VCRC cohorts.

Cluster analysis
Correlation of each pair of the 15 specific large arteries was assessed using a 2×2 correlation
matrix. Results from the ϕ coefficient correlation matrices for TAK and GCA are presented
elsewhere (see online supplementary appendix 1). For 10 of the 12 paired arteries studied in
TAK and 8 of the 12 paired arteries in GCA, the highest correlation was observed with the
contralateral arterial bed. In GCA and TAK, the thoracic aorta most strongly correlated with
the abdominal aorta. Sensitivity analyses excluding wall thickness in the definition of
arterial disease did not change the degree of correlation in paired branch vessels but the
thoracic aorta no longer correlated strongly with the abdominal aorta (data not shown).

Tree dendograms demonstrated similarities and differences in clustering patterns between
TAK and GCA (figure 1). In TAK and GCA, arterial disease tended to be symmetric in
paired branch vessels and contiguous in the aorta. Subclavian disease clustered
asymmetrically in TAK with the split point between clusters containing the right and left
subclavian arteries occurring late into the clustering algorithm. In contrast, subclavian
disease tended to be symmetric in GCA with the split point between the subclavian arteries
occurring early in the clustering algorithm. Left subclavian disease in TAK clustered with
the carotid arteries. In GCA, both subclavian arteries clustered more closely with the axillary
arteries than the carotid arteries. Cluster patterns were consistent across different measures
of similarity and when stratified by cohort.

When patients were categorised according to age at disease onset, there were 120 patients
<40 years of age at disease onset, and all were clinically diagnosed with TAK. There were
28 patients 40–55 years old at disease onset (TAK 21; GCA 7). There were 55 patients >55
years at disease onset, and all were clinically diagnosed with GCA. Tree dendograms,
restricted to arteries above the diaphragm to reduce the number of variables in the model,
are presented for each age category (figure 2). Subclavian disease clustered asymmetrically
(similar to TAK) in those <40 years and aged 40–55 years at disease onset and clustered
symmetrically (similar to GCA) in patients >55 years at disease onset.

Latent class analysis
Model fit statistics suggested that a latent class model with three latent classes best fits the
dataset. The probabilities that a patient was assigned to a certain latent class based upon
class membership probability scores were: latent class 1: 26%; latent class 2: 18%; and
latent class 3: 56% (see online supplementary appendix 2). Latent class 1 was defined in part
by lack of disease in the axillary arteries, the highest probability of carotid and mesenteric
artery involvement, and the highest probability of asymmetric subclavian disease. Posterior
probability scores for latent class 1 were significantly associated with a diagnosis of TAK
(OR=2.71; 95% CI 1.11 to 6.66). Latent class 2 was defined in part by high probability for
bilateral axillary and bilateral subclavian involvement. Posterior probability scores for latent
class 2 were significantly associated with a diagnosis of GCA (OR=5.56; 95% CI 2.49 to
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12.50). The majority of patients had the highest probability for inclusion into latent class 3.
Posterior probability scores for latent class 3 were associated with a diagnosis of GCA
(OR=1.76; 95% CI 0.90 to 3.43), but the magnitude of association was small and not
statistically significant. To visualise the relationship between latent class membership
probability scores and patient age, the percentage of patients assigned to each latent class
were stratified by age at disease onset (figure 3).

DISCUSSION
When comparing the distribution of arteriographic lesions in patients with large vessel
vasculitis, there were strong similarities in the frequency and patterns of arterial involvement
between TAK and GCA. There were no significant differences in the frequency of arterial
involvement between TAK and GCA for 11 out of 15 arteries of interest. Findings from
cluster analysis demonstrated that arterial involvement was generally symmetric in paired
vessels and contiguous in the aorta in TAK and GCA, which confirms reported patterns of
arterial involvement in TAK8 and extends these patterns to include GCA. Using latent class
analysis as an alternative way to classify patients with large vessel vasculitis, modelling
based upon patterns of arterial involvement did not strongly differentiate between TAK and
GCA in the majority of cases. Overall, these findings provide evidence to support the
hypothesis that TAK and GCA exist on a spectrum within the same disease.

There were a few differences in patterns of arterial involvement between TAK and GCA.
Carotid and mesenteric arterial disease was seen more frequently in TAK, and axillary
disease was more frequent in GCA. Subclavian disease tended to be asymmetric in TAK
with a high frequency of left subclavian artery involvement, and symmetric subclavian with
concomitant axillary involvement was seen more frequently in GCA.

Age at disease onset is strongly incorporated into the existing classification criteria for TAK
and GCA. In this study, analyses of arterial patterns based on age at disease onset rather than
the clinical diagnoses circumvent the circularity of age as a primary determinant of disease
classification. As evidenced by latent class analysis, patterns of arterial involvement in the
majority of patients with large vessel vasculitis were similar across all age strata and were
not associated with traditional diagnoses. However, in a subset of patients, differences in
patterns of arterial disease that associated with traditional diagnoses were observed across
different age strata. Arterial disease patterns in patients who were between 40 and 55 years
of age at disease onset, a challenging subgroup of patients to classify using existing
classification criteria, resembled TAK rather than GCA.

In patients with TAK, patterns of arterial disease observed in this study were similar to
patterns reported in the study by Arnaud et al8 with one notable exception: subclavian
disease in TAK clustered asymmetrically in the current study and symmetrically in the prior
study. However, in the study by Arnaud et al, there was a suggestion of asymmetric
subclavian involvement (left subclavian disease – 68%; right subclavian disease – 50%) and
differences in sample size (82 vs 145 patients) may account for the differences in subclavian
artery cluster patterns between the two studies. Even though asymmetric subclavian disease
is not a universal feature of TAK, a high prevalence of left subclavian disease has been
observed in several cohorts.14–18

The current study has several strengths. This study has the largest sample size to date for a
comparative study between TAK and GCA. Additionally, sophisticated analytic techniques
(cluster analysis, latent class analysis) were used to compare complex patterns of arterial
disease in TAK and GCA. To minimise the potential that results were merely artefacts of
computer-generated algorithms, cluster analysis findings were confirmed across different
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measures of similarity, quantified using latent class analysis and assessed within the clinical
context of disease classification.

This study also has some potential limitations to consider. Since there are no existing
guidelines regarding screening for large vessel involvement in patients with GCA, selection
bias could have made arterial disease patterns in TAK and GCA more similar. Patients with
GCA underwent angiography only when there was clinical suspicion of large vessel disease.
It is possible that arterial disease in this selected subset of patients may not adequately
represent the spectrum of arterial involvement in patients with GCA. Angiograms were not
scored by two independent reviewers; however, the consistency of the findings across two
independent cohorts (VCRC and CCF) provides reassurance that the reliability of angiogram
assessment for arterial lesions was high. Additionally, angiography may not reflect the full
extent of arterial disease in comparison with histology as the gold standard. The impact of
duration of disease and immunosuppressive treatment on the distribution of arterial disease
was also not assessed.

These study findings have important implications for future classification criteria in large
vessel vasculitis. Although patterns of arterial involvement are only one aspect of clinical
comparison between TAK and GCA, the strong similarities observed in TAK and GCA
provide evidence to support the theory that these diseases exist on a spectrum within the
same disease. Furthermore, the subtle differences in patterns of arterial involvement may
represent age-related phenotypic variation of the same disease. Alternatively, arteriography
may not meaningfully contribute to the classification of these conditions. Future
classification criteria should explore the possibility of redefining subsets of disease within
large vessel vasculitis. For example, the presence or absence of cranial involvement may be
more clinically relevant than age at disease onset when distinguishing between subgroups of
patients with large vessel vasculitis.

In conclusion, patterns of arterial disease were similar between TAK and GCA. For both
diseases, arterial involvement was often symmetric in paired arteries and contiguous in the
aorta. These findings suggest that rather than being distinct diseases, TAK and GCA may
exist on a spectrum within the same disease.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Cluster patterns in Takayasu’s arteritis and giant cell arteritis. Arrows denote the split point
between clusters containing the right and left subclavian arteries. Tree dendograms in this
figure were derived using ϕ correlation coefficients.
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Figure 2.
Cluster patterns stratified by age at disease onset. Patterns of arterial disease for patients in
the <40 and the 40–55 year age groups at the time of disease onset resembled TAK, and
arterial patterns for patients in the >55 year age group resembled giant cell arteritis. Cluster
patterns in this figure were derived using principal component analysis.
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Figure 3.
Latent class membership stratified by age at disease onset. Membership in latent class 1 was
associated with an increased likelihood for Takayasu’s arteritis. Membership in latent class 2
was associated with an increased likelihood for giant cell arteritis and was more frequent in
subjects >60 years at disease onset. Membership in latent class 3 was not associated with an
increased likelihood for either Takayasu’s arteritis or giant cell arteritis and comprised the
majority of patients with large vessel vasculitis across all age strata.
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Table 1

Baseline patient characteristics

Takayasu’s arteritis (n=145) Giant cell arteritis (n=62)

Cohort VCRC (n=70) CCF (n=75) VCRC (n=28) CCF (n=34)

Age* (years) (mean, range) 31 (9–61) 31 (8–59) 67 (57–89) 66 (49–93)

Disease duration (years) (mean, SD) 8.7 (±7.1) 5.1 (±9.1) 2.9 (±2.5) 2.4 (±3.4)

Sex (% female) 66 (94%) 68 (91%) 27 (96%) 27 (77%)

Race (% white) 59 (84%) 66 (88%) 26 (92%) 30 (86%)

*
Age at time of angiogram assessment.

CCF, Cleveland Clinic Foundation; VCRC, Vasculitis Clinical Research Consortium.
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Table 2

Frequency of arteriographic lesions

Artery Takayasu’s arteritis Giant cell arteritis Difference in frequency (p value)

Left carotid 52/139 (37%) 12/57 (21%) 16% (0.03)

Right carotid 34/136 (25%) 10/58 (17%) 8% (0.27)

Left vertebral 17/137 (13%) 10/58 (17%) 4% (0.44)

Right vertebral 16/139 (12%) 6/57 (11%) 1% (1.00)

Left subclavian 96/140 (69%) 35/57 (61%) 8% (0.41)

Right subclavian 56/139 (40%) 27/57 (39%) 1% (0.43)

Left axillary 16/137 (11%) 22/57 (39%) 28% (<0.01)

Right axillary 12/138 (9%) 25/57 (44%) 35% (<0.01)

Thoracic aorta 61/137 (46%) 34/56 (61%) 15% (0.06)

Abdominal aorta 45/122 (37%) 22/53 (42%) 5% (0.49)

Mesenteric 47/131 (36%) 10/54 (18%) 18% (0.02)

Left renal 19/125 (15%) 4/49 (8%) 7% (0.32)

Right renal 20/125 (16%) 8/51 (16%) 0% (1.00)

Left iliofemoral 23/119 (19%) 5/46 (17%) 2% (0.25)

Right iliofemoral 24/119 (20%) 6/46 (13%) 7% (0.37)
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