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Abstract
Objective
To determine the vascular ultrasound and contrast-enhanced ultrasound characteristics of ischaemic stroke
in patients with Takayasu’s arteritis (TAK) and explore the diagnostic value of ultrasound characteristics for
diagnosing ischaemic stroke in such patients.

Methods
We retrospectively analysed 80 patients with TAK who underwent vascular ultrasound and contrast-enhanced
ultrasound on admission. We analysed the ultrasound characteristics of ischaemic stroke in these patients and
performed multiple logistic regression analyses to determine the independent risk factors for ischaemic stroke in
the patient cohort. The value of ultrasound characteristics in patients with TAK and ischaemic stroke was
evaluated using the net reclassification and integrated discrimination improvement indices.

Results
Among 80 patients, 22 (27.5%) had ischaemic stroke. Fourteen patients had anterior circulation infarction, two
had posterior circulation infarction, and six had both. Multivariate analysis showed that the number of occluded
arteries (odds ratio (OR), 2.01; p=0.005), high-grade enhancement (grade =2, OR, 6.52; p=0.016), and
revascularisation (OR, 0.05; p=0.002) were independent influencing factors for ischaemic stroke in patients with TAK.
The area under the curve indicated that the number of occluded arteries (=3) and high-grade enhancement (grade =2)
can be used to identify patients with TAK at high risk for ischaemic stroke.

Conclusion
A higher number of cervical artery occlusions and high-grade enhancement (grade =2) are independent risk factors
for ischaemic stroke in patients with TAK. The combination of these factors can facilitate the diagnosis of
ischaemic stroke in these patients.
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Introduction

Takayasu’s arteritis (TAK) is a common
disease worldwide; however, it is more
prevalent in Asia and among young wom-
en (1). TAK is a chronic, granulomatous,
systemic vasculitis that primarily affects
the aorta and its branches, resulting in ar-
terial wall thickening, fibrosis, stenosis,
or occlusion (2). The clinical manifesta-
tions of TAK are diverse and insidious.
Ischaemic damage caused by the in-
volvement of the cervical and cerebral
arteries may result from vascular inflam-
mation and haemodynamic alterations,
which may lead to vascular involvement
and/or embolisation (3).

Patients with TAK have an elevated risk
of developing cerebrovascular ischaemic
events. A study conducted in the United
Kingdom revealed that the risk of is-
chaemic stroke in patients with TAK was
three times higher than that in a control
group (4). Another study conducted in
South Korea indicated that the standard-
ised incidence rate of ischaemic stroke
in patients with TAK was seven-fold
higher than that in the general population
(5). Therefore, it is essential to identify
the potential risk factors for ischaemic
stroke in patients with TAK to facilitate
clinical practice. Vascular ultrasound is
the most common, widely accepted, and
reliable diagnostic tool for cervical ar-
tery disease (6, 7). The combination of
carotid ultrasound and transcranial col-
our-coded Doppler can reveal changes
in the structure of the lumen and haemo-
dynamics of cerebral arteries (8). Fur-
thermore, contrast-enhanced ultrasound
(CEUS) can detect vascular wall inflam-
mation (9, 10). TA is a major cause of
cerebral infarction in young people, and
ultrasound is the first-line diagnostic tool
for cervical artery disease in China; how-
ever, data on the ultrasound parameters
related to ischaemic stroke in patients
with TAK are lacking.

The purpose of our study was to de-
scribe the vascular ultrasound charac-
teristics of patients with TAK and is-
chaemic stroke and to identify possible
risk factors for such stroke.

Materials and methods

Patients

We included 100 patients with TAK
who were hospitalised at Xuanwu Hos-

pital of Capital Medical University
between January 2019 and September
2023. The inclusion criteria required
that the patients met the 1990 American
College of Rheumatology diagnostic
criteria, had complete clinical data, and
underwent carotid ultrasound, transcra-
nial colour-coded Doppler, and CEUS
within 1 week of admission. The exclu-
sion criteria were as follows: 1) the cer-
vical artery and or brain artery were not
involved, 2) cerebral infarction with po-
tential causes of cardiac embolism (such
as atrial fibrillation and patent foramen
ovale), and 3) poor or closed bilateral
temporal windows.

Ischaemic stroke was diagnosed based
on clinical symptoms, physical signs,
and imaging findings (including brain
computed tomography and or magnetic
resonance imaging). Patients who were
diagnosed with ischaemic stroke were
assigned to the ‘ischaemic stroke group’
and the remaining patients to the ‘non-
ischaemic stroke group’.

Clinical data collection

The following patient data were col-
lected: 1) demographic data, including
age, sex, body mass index, and age at
onset of TAK; 2) traditional vascular
risk factors; 3) serological parameters,
including cholesterol, triglycerides,
high-density lipoprotein, low-density
lipoprotein, fasting blood glucose, hae-
moglobin, C-reactive protein (CRP),
erythrocyte sedimentation rate (ESR),
immunoglobulin G, immunoglobulin A,
immunoglobulin M, complement C3,
and complement C4; 4) clinical mani-
festations of TAK; 5) treatment, includ-
ing glucocorticoids, immunosuppres-
sants, biologics, and revascularisation;
6) ITAS 2010 score and Numano vas-
cular classification; and 7) vascular ul-
trasound parameters that were assessed,
including the thickest intima-media
thickness and the circulation of open
collateral and 16 brain-supplying arter-
ies (the anonymous, basilar, and paired
arteries, including the subclavian, com-
mon carotid, internal carotid, vertebral,
middle cerebral, anterior cerebral, and
posterior cerebral arteries).

Arterial stenosis was recorded as fol-
lows: inflammation (wall thickening or
stenosis of <50%), moderate stenosis
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(50-69%), severe stenosis (70-99%),
occlusion (complete or near occlusion),
carotid artery dissection, and thrombosis.

Protocol and analysis

of the carotid CEUS

Carotid CEUS was performed using
a Philips ultrasound machine (Epiq 7;
Philips, Amsterdam, the Netherlands)
and a linear probe (5-8 MHz). To pre-
vent the destruction of the contrast agent
microbubbles, the mechanical index
was set to 0.16. The gain was adjusted
accordingly to visualise microbubbles
in the best way. SonoVue (The Bracco
Group, Milan, Italy), a contrast agent,
and 5 mL of physiological saline were
used to prepare the suspension. Raw
data were stored on a hard drive for of-
fline analysis.

Two experienced ultrasonographers
(XYQ and LR) performed all the exam-
inations and analyses. They inspected
both the carotid arteries and recorded
the intima—media thickness in the thick-
est area. CEUS was classified into four
levels based on the degree of contrast-
agent enhancement in the area of the
lesion: Grade O indicated no visible
microbubbles, grade 1 indicated limited
microbubbles, grade 2 indicated moder-
ate microbubbles, and grade 3 indicated
extensive microbubbles (Fig. 1). The
ultrasonographers discussed inconsist-
ent gradings and jointly determined the
final results.

Statistical analysis

Statistical analyses were performed us-
ing IBM SPSS Statistics (v. 26.0; IBM
Corp.,Armonk,NY,USA)andR v.4.2.2
(R Foundation for Statistical Computing,
Vienna, Austria). Continuous variables
that followed a normal distribution are
presented as mean + standard deviation
and were analysed using the Student’s
t-test; otherwise, data are presented as
the median and interquartile range and
were analysed using the nonparamet-
ric rank-sum test. Categorical variables
were represented as frequencies (%) and
analysed using the chi-square test. Mul-
tivariate logistic regression analysis was
used to identify the independent risk fac-
tors for ischaemic stroke in patients with
TAK. The receiver operating character-
istic (ROC) curve was used to calculate
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Fig. 1. Grading of intraplaque neovascularisation (Grades 0-3).
(a) Grade 0: no microbubbles, (b) Grade 1: limited microbubbles, (¢) Grade 2: moderate microbubbles,
(d) Grade 3: widespread microbubbles.

Fig. 2. Flow chart.

100 patients with Takayasu arteritis hospitalized
from January 2019 to September 2023

17 patients had no head and neck

artery involvement

One patient with poor bilateral

temporal windows

Two patients diagnosed with
cardiogenic ischemic stroke

80 patients were included in the study for analysis

the area under the curve (AUC) and to
determine the optimal cut-off value. The
incremental value of the CEUS high-
grade enhancement was demonstrated
using the net reclassification index
(NRI) and integrated discrimination im-
provement index (IDI). A two-tailed test
was used (p<0.05).

Results
Patient characteristics
Initially, 100 patients were included,

of whom 20 were excluded from the
study. Finally, we analysed 80 patients
who met the inclusion criteria (Fig. 2).
The average age of the patients was
39.5+13.1 years, 69 (86.3%) of whom
were female. The average age at onset
for TAK was 32.3+11.7 years. Among
the 22 patients with TAK and ischae-
mic stroke, 14 experienced ischaemic
stroke at the onset of TAK, whereas
eight experienced ischaemic stroke af-
ter the diagnosis of TAK. Of these, 16
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patients experienced a single ischaemic
stroke, four experienced two ischaemic
strokes, and two experienced multiple
ischaemic strokes. In addition, among
these 22 patients, there were 14 cases
of anterior circulation infarction, two
cases of posterior circulation infarction,
and six cases involving both circula-
tions. Nineteen patients (86.4%) had
multiple infarctions. The most common
sites of infarction were the basal gan-
glia (13 cases, 59.1%) and the frontal
lobe (13 cases, 59.1%).

Clinical features of TAK

The time of diagnostic delay did not
differ significantly between the ‘non-is-
chaemic stroke group’ and the ‘ischae-
mic stroke group’ (p=0.280). No signif-
icant differences in cardiovascular risk
factors were observed between the two
groups. However, complement C3 lev-
els were higher in the ‘ischaemic stroke
group’ compared to the ‘non-ischaemic
stroke group’ (p=0.032). Other serolog-
ic parameters were similar between the
groups (Table I).

The ‘ischaemic stroke group’ had a
higher ITAS 2010 score than the ‘non-
ischaemic stroke group’ (p=0.024),
whereas the clinical symptoms were
similar between the two groups. Diz-
ziness (52.5%) was the most common
clinical symptom, and vascular murmur
(60%) was the most common physical
sign (Fig. 3a).

Medication use between the two groups
was similar. The number of patients in
the ‘ischaemic stroke group’ who un-
derwent revascularisation was much
higher than that in the ‘non-ischaemic
stroke group’ (p<0.05). No significant
differences in the Numano classifica-
tion between the two groups were ob-
served (Table I).

Vascular ultrasound parameters

Figure 3 b-f shows the degree of cer-
vical artery involvement. In the ‘non-
ischaemic stroke group’, the most
frequently affected artery is the com-
mon carotid artery (56 cases, 96.6%).
The middle cerebral artery (11 cases,
19.0%) is the most commonly affected
intracranial artery. In the ‘ischaemic
stroke group’, the common carotid ar-
tery is the most frequently affected ar-
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Table I. Baseline characteristics of patients (n=80).

Characteristic Non-ischaemic Ischaemic p-value
stroke group stroke group
(n=58) (n=22)

General information
Age, years, mean + SD 40.0+13.1 382+133 0.602
Sex, male, n (%) 7 (12.1%) 4 (18.2%) 0.483
BMI, kg/m?, mean + SD 232+3.6 226+3.1 0.533
Age at TA onset, years, mean + SD 331+125 297+93 0.247
Diagnosis delay time (months), median (IQR) 6.0 (8.0) 4.0 (11.0) 0.280
Risk factors, n (%)
Hypertension 15 (25.9%) 3 (13.6%) 0.370
Diabetes 2 (3.4%) 1 (4.5%) 1.000
Hyperlipidaemia 6 (10.3%) 3 (13.6%) 0.700
Smoking 4 (6.9%) 1 (4.5%) 1.000
Drinking 2 (3.4%) 1 (4.5%) 1.000
Coronary heart disease 1 (1.7%) 1 (4.5%) 0.477
Serological indicators
Cholesterol, mean + SD 43+13 37+09 0.063
Triglyceride, mean + SD 10+04 1.1+04 0.750
HDL, mean + SD 1.3+03 13+03 0.267
LDL, mean + SD 24+12 2.1+05 0.268
FBG, mean + SD 45+10 43+0.8 0.286
Glycosylated haemoglobin, mean + SD 121.5+18.2 1173+ 179 0.332
CRP, median (IQR) 3.5 (8.9) 6.3 (8.7) 0.113
ESR, median (IQR) 10.0 (20.0) 15.0 (24.0) 0.186
Immunoglobulin G, mean + SD 115+32 11.1+32 0.657
Immunoglobulin A, mean + SD 24+13 28+1.6 0.258
Immunoglobulin M, mean + SD 14+07 1.3+£05 0.713
Complement C3, mean + SD 09+£02 1.0+02 0.032
Complement C4, mean + SD 0.2+0.08 0.3 +0.09 0.089
ITAS 2010, scores 6.0 (8.0) 10.0 (5.0) 0.024
Numano classification, n (%) 0.678

Type 1 23 (39.7%) 9 (40.9%)

Type 11 2 (3.4%) 0 (0%)

Type V 33 (56.9%) 13 (59.1%)
Treatment, n (%)
Glucocorticoids 45 (77.6%) 20 (90.9%) 0.215
Immunodepressant 43 (74.1%) 15 (68.2%) 0.594
Biological agents 6 (10.3%) 3 (13.6%) 0.700
Revascularisation 3 (5.2%) 10 (45.5%) <0.0001
Intima-media thickness, mean + SD 25+09 28+0.7 0.160
Number of occluded arteries, median (IQR) 1.0 (0) 3.0 (7.0) <0.0001
MCA involvement, n (%) 11 (19.0%) 9 (40.9%) 0.043
Circulation of open collateral, n (%) 27 (46.6%) 17 (77.3%) 0014
Arterial dissection 2 (3.4%) 2 (9.1%) 0.303
Thrombosis 0 (0%) 1 (4.5%) 0.275
CEUS 0.008

Grades 0 and 1 40 (69.0%) 8 (36.4%)

Grades 2 and 3 18 (31.0%) 14 (63.6%)

BMI: body mass index; CEUS: contrast-enhanced ultrasound; CRP: C-reactive protein; ESR: erythro-
cyte sedimentation rate; FBG: fasting blood glucose; HDL: high-density lipoprotein; IQR: interquartile
range; LDL: low-density lipoprotein; MCA: middle cerebral artery; SD: standard deviation.

tery (22 cases, 100%), followed by the
subclavian artery (20 cases, 90.9%).
The middle cerebral artery (nine cases,
40.9%) is the most commonly affected
intracranial artery.

The number of arteries that were oc-
cluded in the ‘ischaemic stroke group’
was higher than that in the ‘non-is-
chaemic stroke group’ (p<0.0001). In
addition, compared with the ‘non-is-
chaemic stroke group’, the ‘ischaemic

stroke group’ had a higher proportion
of involvement of the middle cerebral
artery (p=0.043) and openings of col-
lateral branches (p=0.014). In the ‘is-
chaemic stroke group’, 14 (63.6%) pa-
tients presented with CEUS high-grade
enhancement (grade =2), whereas in
the ‘non-ischaemic stroke group’, 18
(31.0%) patients exhibited a CEUS
grade of =2, with a significant between-
group difference (p=0.008) (Table I).
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Fig. 3. Symptoms and distribution of cervical artery involvement.
(a) Common symptoms in patients with TAK. (b-f) Analysis of the degree of involvement of the cervical artery in patients with TAK.

Multivariate and ROC analyses

The multivariate analysis revealed
that a CEUS grade of =2 (odds ratio
(OR), 6.52; 95% confidence interval
(CI), 1.41-30.14) and the number of
occluded arteries (OR, 2.01; 95% CI,
1.24-3.27) were independent risk fac-
tors for ischaemic stroke in patients
with TAK. Conversely, revascularisa-
tion (OR, 0.050; 95% CI, 0.007-0.34)
was identified as a protective factor.
The ROC analysis indicated a cut-off
value of =3 as the optimal threshold for
the number of occluded arteries, with
a sensitivity of 59.1% and a specificity
of 87.9% (Fig. 4a). The AUC of CEUS
grade =2 combined with occluded ar-
teries was 0.81 (95% CI, 0.71-0.89)
(Fig. 4b).

The results of the NRI and IDI indicat-
ed that, compared to the number of oc-
cluded arteries alone, the combination
of CEUS grade =2 and number of oc-
cluded arteries more accurately identi-
fied patients with TAK combined with
ischaemic stroke (NRI, 0.85; 95% CI,
0.40-1.30 and IDI index, 0.092; 95%
CI, 0.03-0.16; p<0.05).
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Fig. 4. Clinical value of ultrasound in identifying ischaemic stroke in patients with TAK.

(a) The optimal cut-off value of the number of occluded arteries. (b) The AUC when combining the
number of occluded arteries and contrast-enhanced ultrasonography (CEUS). (¢) Compared to the
number of occluded arteries alone, the combination of CEUS =2 grade and occluded arteries could
more accurately identify high-risk patients with TAK and ischaemic stroke.

Discussion

We report the vascular ultrasound char-
acteristics of ischaemic stroke in pa-
tients with TAK. Our main finding was
that patients with TAK and ischaemic

stroke had a higher number of cervi-
cal artery occlusions than those with-
out ischaemic stroke. Furthermore,
compared to patients with low-grade
enhancement on CEUS (grade <2),
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patients with TAK with high-grade en-
hancement on CEUS (grade =2) have
a five-fold increased risk of ischaemic
stroke (Fig. 5).

We found that 27.5% (22/80) of patients
with TAK had experienced ischaemic
stroke, a higher percentage than that
reported in previous studies; previous
studies have shown an incidence of
stroke with TAK ranging from 8.9%
to 20% (11-15). However, because of
our research centre’s reputation in the
field of neurology, the centre may at-
tract patients with TAK and neurologi-
cal symptoms. An earlier study con-
ducted at our institution revealed that
the prevalence of TAK in patients with
ischaemic stroke was as high as 27.0%,
which agrees with the results of the cur-
rent study (16).

In the present study, among patients
with TAK and ischaemic stroke, 14 had
anterior circulation infarction, two had
posterior circulation infarction, and six
had both anterior and posterior circula-
tion infarction. Consistent with this, the
common carotid artery was the most
affected, followed by the subclavian
artery, which is consistent with previ-
ous studies (12, 17). Regarding intrac-
ranial arteries, the middle cerebral ar-
tery was the most commonly affected.
A previous study on TAK reported that
the middle cerebral artery was the most
frequently affected intracranial artery
in patients with ischaemic stroke, with
a rate of intracranial vascular involve-
ment of 38.5%, which is consistent
with our findings (18). Intracranial arte-
rial disease is common in patients with
TAK, possibly because intracranial seg-
ment lesions of the internal carotid ar-
tery are a continuation of the extracrani-
al segment (19). Among the 22 patients
with ischaemic stroke, 19 had multiple
infarctions, with the basal ganglia and
frontal lobe being the most common
sites of infarction, consistent with pre-
vious studies (18, 20). In addition, 14
patients (63.6%) experienced ischaemic
stroke at the onset of TA, highlighting
the critical role of TAK in diagnosing
stroke aetiology in young individuals.
This finding underscores the importance
of considering TAK as a potential cause
of stroke in this population (21). In this
study, the multivariate logistic regres-
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Clinical value of diagnosing ischemic stroke in patients with Takayasu arteritis
combining multiple arterial occlusion and high-grade enhancement

Variable

CEUS

OR(95%C1) P value

0.016

Grades 0 and 1

Grades 2 and 3

6.52(1.41-30.14)

The number of occluded arteries  2.01(1.24-3.27)

Carotid revascularization

No

Yos

80 patients with TA

o 'ischemic stroke'
group (n=22)

"Non-ischemic stroke'
group (n=58)

Independent risk factors
for IS in patients with TA

The number of occluded
arteries (OR: 2.012)

1% CEUS grade >2 (OR:
6.523)

0.05(0.07-0.34)

Odds ratio (OR)

The combination of higher
number of cervical artery
occlusions and high-grade
CEUS enhancement can

facilitate the diagnosis of IS

in patients with TA.

Fig. 5. patients with TAK with high-grade enhancement on CEUS (grade =2) have a five-fold in-
creased risk of ischaemic stroke. The figure was drawn by Figraw.

sion analyses revealed a significant as-
sociation between occlusive lesions
of the cervical artery and ischaemic
stroke. Similarly, a significant correla-
tion between stenosis and occlusion of
the carotid and subclavian arteries and
neurological manifestations in patients
with TAK has been demonstrated (22).
The present study found that patients
with TAK and ischaemic stroke were
more likely to have high-grade CEUS.
Compared to the gold standard of
fluorodeoxyglucose F18-positron emis-
sion tomography, a sensitivity of 100%
and a specificity of 80% has been re-
ported for CEUS when a CEUS =2 was
used to define vasculitis (23). A recent
study suggested that CEUS may be
useful for monitoring disease activity
during the follow-up (24). Enhanced
CEUS suggests inflammatory lesions
in the vascular wall, a characteristic
pathological change during TAK, and
ischaemic stroke is a manifestation of
TAK. Therefore, we consider that pa-
tients with TAK and ischaemic stroke
are more likely to be in a state indicat-
ing the progression of vascular wall in-
flammation or an active inflammatory
state, and CEUS may serve as a poten-
tial biomarker for such patients.

The association between ischaemic
stroke and traditional vascular risk fac-

tors in patients with TAK remains con-
troversial. Factors such as hyperlipidae-
mia, hypertension, and body mass index
are associated with the occurrence of
cardiovascular and cerebrovascular is-
chaemic events in patients with TAK (16,
25). However, in the current study, we
did not observe any differences in car-
diovascular risk factors between patients
with TAK with and without ischaemic
stroke. Data reported from a multicentre
study in France and a national database
in South Korea are consistent with our
conclusions (5, 26). Nevertheless, a ret-
rospective study reported that compared
to patients with TAK without stroke or
transient ischaemic attack (TTA), those
with stroke/TTA were older and had a
higher proportion of males. This dis-
crepancy may be attributed to differenc-
es in sample size and study populations.
Notably, our study excluded patients
with TIA, as retrospective studies may
introduce potential bias in TIA diagno-
sis (27). We observed that the ESR and
CRP levels in the two patient groups
were similar, as supported by the results
of previous studies (16, 28). A possible
explanation is that ESR and CRP are
systemic inflammatory markers influ-
enced by multiple factors, possibly lead-
ing to inconsistencies in ESR, CRP, and
TAK activity (29).
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Early diagnosis of TAK, progression
of vascular disease, and lifelong moni-
toring of recurrence of disease activity
are crucial for a good prognosis (30).
Compared to computed tomography
angiography and magnetic resonance
angiography, vascular ultrasound has
the advantages of easy accessibility, low
cost, non-invasiveness, and a radiation-
free nature, as well as being considered
useful for diagnosis and monitoring. A
meta-analysis revealed that in patients
with TAK, ultrasound had a combined
sensitivity of 81% using clinical or rou-
tine angiography as the gold standard;
this was not inferior to positron emis-
sion tomography and magnetic reso-
nance imaging (7). During the follow-
up of patients with TAK, neovasculari-
sation continued to be observed at the
site of vascular lesions in patients with
decreased ESR and CRP levels who
achieved clinical remission, indicating
that CEUS is more sensitive in evaluat-
ing vascular inflammation than acute-
phase reactants (28). Therefore, the pre-
sent study provides evidence for the ear-
ly assessment and long-term monitoring
of vascular disease progression in TAK
using vascular ultrasound and CEUS.
This study had some limitations. First,
this was a retrospective study; prospec-
tive studies are needed to validate the
conclusions for clinical application.
Second, ultrasound is operator-depend-
ent: all diagnostic methods require train-
ing, standard operating procedures, and
appropriate equipment. Third, this study
included only hospitalised patients, pos-
sibly introducing a selection bias.

Our findings indicate that ischaemic
stroke is relatively common in patients
with TAK. A higher number of cervical
artery occlusions, as assessed by vascu-
lar ultrasound, and high-grade enhance-
ment on CEUS are independent risk
factors for ischaemic stroke in patients
with TAK. Furthermore, the combina-
tion of these factors may assist in the di-
agnosis of ischaemic stroke in patients
with TAK.
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