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Follow-up Contrast-Enhanced Ultrasonography of the  
Carotid Artery in Patients With Takayasu Arteritis:  
A Retrospective Study
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ABSTRACT. Objective. The literature describing follow-up carotid contrast-enhanced ultrasonography (CEUS) is 
limited. We report our experience with monitoring CEUS that is performed in patients with Takayasu arte-
ritis (TAK).

 Methods. We retrospectively analyzed patients with TAK who had undergone carotid CEUS 2 or more times 
with a follow-up duration of 12 or more months at Xijing Hospital between 2017 and 2020. We described 
how CEUS interpretation changed, and we recorded the state of remission (ie, bilateral CEUS visual grades 
≤ 1) or relapse as determined by imaging.

 Results. In total, 106 patients with TAK and 425 CEUS visits were included in the study; the median fol-
low-up was 25 (IQR 18-30) months. The CEUS vascularization grade was significantly associated with the 
Kerr criteria (r = 0.532, P < 0.001), erythrocyte sedimentation rate (P < 0.001), and C-reactive protein level 
(P < 0.001). At baseline, 76 patients (71.7%) had active disease as determined by CEUS and 30 (28.3%) 
had inactive disease. The midterm assessment (median 13, IQR 10-16 months) showed that 29 out of 76  
CEUS-active patients (38.2%) achieved complete response, 34 (44.7%) achieved partial response, and 
13 (17.1%) did not respond. At the last visit, the total number of responders was 78 out of 94 (83.0%). 
CEUS relapse was observed in 28 out of 57 (49.1%) patients, with a median of 16 (IQR 10-21) months. The  
Kaplan-Meier curve demonstrated that the remission rate evaluated by the CEUS-combined method 
(median 22 months) was lower than that of the clinical-only evaluation (median 11 months; P < 0.001).

 Conclusion. Response or relapse according to CEUS was detected in most patients during follow-up. CEUS 
is an effective technique for detecting carotid artery inflammation in patients with TAK.
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Takayasu arteritis (TAK) is a chronic inflammatory disease that 
primarily involves the aorta and its major branches.1 It has a 
higher prevalence in individuals from Southeast Asia.2 In China, 
the peak prevalence of TAK in Shanghai is 7.01 cases per million, 
with a mean annual incidence of 2.33 cases per million, which is 
higher than that in some Western countries.3 TAK can lead to 
organ ischemia and damage resulting from stenosis, aneurysm, or 

occlusion of vessels, although clinical symptoms are nonspecific 
and vary depending on the affected vessels.
 Noninvasive imaging techniques, including ultrasonography, 
magnetic resonance imaging (MRI), computed tomography 
(CT), and 18F-fluorodeoxyglucose (FDG)–positron emission 
tomography (PET), are increasingly being used to diagnose and 
monitor the disease.4-6 The European Alliance of Associations for 
Rheumatology recommends noninvasive imaging techniques to 
be used as the first or alternative imaging test to diagnose TAK.4 
However, the role of imaging in determining disease activity 
remains unknown. MRI and PET are promising for assessing 
disease activity over clinical and laboratory assessments alone,5,7 
but radiation exposure, restricted availability, and high cost limit 
their use in routine clinical practice for follow-up.
 Carotid contrast-enhanced ultrasonography (CEUS), a 
method of quantifying vascularization within the vessel wall,8 
allows for the dynamic assessment of carotid wall vascularization. 
It is a potential marker of disease activity in patients with TAK.9,10 
Increasing evidence has demonstrated that CEUS is an effective 
imaging technique for detecting carotid artery inflammation 
and can provide additional information on disease activity.11-14 
Previously, we showed the correlation between CEUS vascu-
larization and FDG-PET/CT uptake and supported the use of 
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CEUS to help clinicians identify active lesions in the carotid 
vascular region, especially for patients with TAK whose disease 
is clinically inactive.15

 The role of CEUS in the assessment of disease activity during 
follow-up has not been investigated, and the related literature is 
limited. There is substantial uncertainty about whether CEUS 
might be helpful in monitoring disease activity and how often 
CEUS should be performed as part of a routine surveillance 
protocol. Therefore, we report our experience with follow-up 
CEUS performed in patients with TAK.

METHODS
Ethics statements. The Ethics Committee of Xijing Hospital approved this 
study (approval number: KY20163015-1). All patients provided written 
informed consent prior to participation.
Study design and patients. We conducted a retrospective study at a large 
center in Xijing Hospital. In total, 313 patients with TAK who attended our 
outpatient and inpatient services from January 2017 to November 2020 and 
fulfilled the TAK criteria from the American College of Rheumatology were 
included in the study.1 Patients with no carotid artery and/or subclavian 
artery involvement or no long-term follow-up information were excluded.
Data collection. Demographics; clinical information, including symp-
toms and results of physical examinations; and angiographic features 
were recorded. Laboratory test results, including complete blood count, 
C-reactive protein (CRP) level, erythrocyte sedimentation rate (ESR), and 
serum amyloid A protein (SAA) level, were also extracted from the patients’ 
electronic medical records. An elevated inflammatory marker was defined as 
CRP > 5 mg/L, ESR > 15 mm/h (for males) or > 20 mm/h (for females), 
or SAA > 10 mg/L.
Acquisition and analysis of carotid CEUS. Acquisition and analysis of carotid 
CEUS were performed as previously described.15 Carotid CEUS was 
performed with an iU22 device (Philips Medical Systems) equipped with an 
L9-3 transducer. The bilateral carotid arteries were examined, and the wall 
thickness of the carotid artery was measured as an image of intima-media 
thickness (IMT). CEUS was performed at the thickest site of the common 
carotid artery. All examinations were performed and evaluated by 2 expert 
sonographers who were blinded to the individual’s clinical information. In 
case of a discrepancy, a final consensus was achieved by reviewing the video 
sequences and discussion. CEUS clips of the carotid arteries were scored 
according to the extent of wall vascularization. Wall vascularization was 
visually estimated as follows: grade 0, no vascularization (no appearance of 
microbubble contrast agent in the carotid lesion); grade 1, limited vascular-
ization (limited visualization of moving microbubbles in the carotid lesion); 
grade 2, moderate vascularization (moderate visualization of moving micro-
bubbles in the carotid lesion); and grade 3, severe vascularization (extensive 
wall vascularization with microbubbles clearly seen).
Study definitions. TAK was categorized into 5 subtypes according to the 
Numano classification criteria based on angiographic findings.16 Patients 
with types 1, 2, and 5 were included in our study.
 At each visit, disease activity was assessed based on symptom assessment, 
physical examination, and laboratory results. Clinical disease activity was 
evaluated using the modified National Institutes of Health criteria (ie, clini-
cally active: ≥ 2 points; clinically inactive: < 2 points).17 This was assessed by 
2 experienced rheumatologists who were blinded to the ultrasound results. 
Clinical remission was defined as satisfying all the following criteria: absence 
of all clinical signs and symptoms attributable to active TAK, normalization 
of ESR and CRP, and glucocorticoid (GC) dose ≤ 15 mg/day.
 It is challenging to evaluate the disease status of patients with no symp-
toms; thus, in this study, we focused on the CEUS status of patients and 
evaluated the changes. The imaging activity of the disease was evaluated 
according to the CEUS results. If the visual grade of unilateral or bilateral 

CEUS was ≥ 2, the disease was defined as active. Imaging remission, or inac-
tive status of the patients, was defined as a visual grade of ≤ 1 on bilateral 
CEUS. Changes in image activity according to CEUS were classified as 
follows:

1.  Complete response (CR): the visual grades of bilateral CEUS 
improved from active to inactive status.

2.  Partial response (PR): improvement in CEUS scores (ie, a decrease in 
the total CEUS score of ≥ 2 or a change from 3 to 2 for unilateral 
involvement, but not achieving an inactive status).

3.  No response (NR): no change or a change of ≤ 1 in the total CEUS 
score, indicating an active status.

4.  Stable: no change or a change of ≤ 1 in the total CEUS score, indi-
cating an inactive status.

5.  Relapse: visual grades of CEUS increased from inactive to active 
status.

Clinical remission combined with CEUS remission was defined as satis-
fying both clinical remission criteria and CEUS inactive status.
Data and statistical analyses. Demographic variables are shown as mean (SD) 
or median (IQR) wherever applicable. Categorical variables are expressed 
as number (%). Intergroup comparisons were performed using a nonpara-
metric test—the Mann-Whitney U test—for continuous variables or 
chi-square test for categorical variables. Spearman rank correlation analysis 
was used to evaluate the correlation between the indices used for grading 
ultrasonography and clinical and laboratory variables. For CEUS-active 
patients, the difference in the remission rate between the clinical remission 
evaluation and the clinical remission combined with CEUS evaluation was 
compared using Kaplan-Meier survival curve analysis.
 Statistical analyses were performed using SPSS software (version 22.0; 
IBM Corp.) and Prism (version 8.0; GraphPad Software, Inc). Statistical 
significance was set at P < 0.05.

RESULTS
Baseline demographics. In total, 106 patients who had undergone 
carotid CEUS 2 or more times with a follow-up duration of 
≥ 12 months were included. Patients originated from China and 
were mostly of Han nationality (99.1%). Most patients (n = 94, 
88.7%) were women. The clinical and demographic characteris-
tics of patients with TAK are presented in the Table.
 Based on a previous analysis and our experiences, we 
observed that the differences between grades 0 and 1 were 
minor, and both could be seen as an inactive status. Therefore, 
we consolidated them into 1 category. To compare the differ-
ences in carotid vascularization between the different types of 
TAK, we categorized the patients into 2 groups—types I and II 
vs type V—according to the Numano classification. Among 47 
patients with types I and II disease, the proportions of patients 
with grades 0/1, 2, and 3 were 14 (29.8%), 13 (27.7%), and 20 
(42.6%), respectively. Among 59 patients with type V disease, 
the proportions of patients with grades 0/1, 2, and 3 were 16 
(27.1%), 28 (47.5%), and 15 (25.4%), respectively. There were 
no significant differences in the proportions among the groups 
(P = 0.08 for all).
 At baseline, 76 patients (71.7%) had CEUS-active disease, 
while 30 had an inactive status (Figure 1). Among the CEUS-
inactive patients, only 3 showed signs of clinically active disease 
(all type V). However, in the CEUS-active group, 12 patients 
showed no signs of clinical disease activity. The analysis showed 
that there were no significant differences in sex, disease duration, 
type of arterial lesions, Numano classification, and treatment 
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between these 2 groups (P > 0.05 for all). The Mann-Whitney 
U tests showed that the active group was younger in age (median 
29.50, IQR 25.00-37.75 years) than the inactive group (median 
35.50, IQR 28.75-46.00 years; P = 0.007) and that the active 
group had a lower age at disease onset (median 24.00, IQR 
19.00-30.00 years) than the inactive group (median 30, IQR 
24.00-36.50 years; P = 0.004).
Correlation of clinical activity and imaging activity. This study 
included 425 CEUS visits from 106 patients. Among them, 
65 patients (61.3%) had ≥ 3 CEUS evaluations, with a median 
of 4 (IQR 3-5) visits; 35 patients (33.0%) had ≥ 5 CEUS eval-
uations, with a maximum of 9 CEUS evaluations. Overall, 
158 out of 425 visit results (37.2%) indicated grade 0/1, 184 
(43.3%) indicated grade 2, and 83 (19.5%) indicated grade 3. 
The correlation analysis showed that the vascularization grade 
determined using CEUS was significantly associated with the 
Kerr criteria (r = 0.532, P < 0.001), ESR (r = 0.306, P < 0.001), 

and CRP (r = 0.286, P < 0.001). ESR, CRP, and SAA values 
were significantly higher in CEUS-active patients, especially in 
the grade 3 group, than in the CEUS-inactive patients (Figure 
2). A significant correlation between IMT and CEUS grading  
(r = 0.480, P < 0.001) was also observed. The patients with 
CEUS-active disease had a significantly higher IMT (grade 3: 
mean 2.4, SD 0.5 mm; grade 2: mean 2.0, SD 0.6 mm) compared 
to inactive patients (grade 0/1: mean 1.6, SD 0.5 mm; P < 0.001).
CEUS outcome during follow-up. The median time between the 
initial and last follow-up was 25 (IQR 18-30) months (maximum 
44 months), with 54 out of 106 patients (50.9%) being followed 
up for 24 or more months. For the 76 CEUS-active patients, at 
the midterm assessment (median 13, IQR 10-16 months), 29 of 
them (38.2%) achieved CR, while 34 (44.7%) patients had a PR 
(Figure  1). During further follow-up (median 26, IQR 20-31 
months), 17 out of the 29 initial patients (58.6%) who achieved 
CR maintained their CR status until their last visit, while 6 
patients in the initial PR group achieved CR. Among the total 
patients who achieved CR (n = 45), the median time to response 
was 11 (IQR 8-17.5) months (minimum 2 and maximum 
37 months), with 27 (60%) patients responding before 12 
months follow-up and 7 (15.6%) responding after 24 months. 
CR confirmed by CEUS was found in many patients (n = 21) 
who had been examined 1 to 3 times, and no changes were seen 
before. For the responders, there was a significant decrease in 
IMT after treatment (mean 2.1, SD 0.6 mm vs mean 1.7, SD 
0.5 mm; P < 0.001). Meanwhile, in the NR group, there was no 
significant change in IMT (mean 2.3, SD 0.5 mm vs mean 2.3, 
SD 0.6 mm; P = 0.73).
 Relapse of disease detected by CEUS was observed in 28 out 
of 57 patients (49.1%)—including the initial CR group (10/27, 
37.0%) and the inactive group (18/30, 60%)—with a median 
time to relapse of 16 (IQR 10-21) months (minimum 3 months). 
Among them, most (18/28, 64.3%) experienced relapse after 12 
months of follow-up, and only 10 (35.7%) experienced relapse 
before 12 months. Only 1 patient in the inactive group died of 
gastrointestinal hemorrhage at month 28 of follow-up. Among 
the inactive and CR groups, 16 patients maintained a stable 
status for more than 2 years.
 We found that for 33 patients with type I and II disease in the 
CEUS-active group, 28 (84.8%) of them—including 10 (35.7%) 
in the CR group and 18 (64.3%) in the PR group—responded 
by the midterm assessment, and 3 patients had CEUS relapse. 
There were 35 responders out of 43 (81.4%)—including 19 
(54.3%) in the CR group and 16 (45.7%) in the PR group—and 
7 patients who relapsed among the CEUS-active patients with 
type V disease. In the CEUS-inactive group, 57.1% (8/14) with 
types I and II disease and 62.5% (10/16) with type V disease 
experienced relapse. There were no significant differences in the 
response and relapse rates between the 2 groups (P > 0.05). Of 
the 13 nonresponders, there were 8 patients with type V disease.
Imaging activity status at various time intervals of the follow-up. 
Each change in the CEUS activity status during all time inter-
vals of the follow-up was evaluated (Figure 3). For patients who 
underwent CEUS at intervals of 3 months, we found that 75.0% 
(24/32) had no changes in grade. Therefore, we calculated the 

Table. Clinical characteristics of patients with Takayasu arteritis at baseline.
 
 n = 106

Age, yrs, median (IQR) 31 (25.75-41.00)
Age at disease onset, yrs, median (IQR) 25 (20.25-31.75) 
Disease duration, yrs, median (IQR) 4.0 (1.25-9.00)
Female 94 (88.7)
Newly diagnosed 47 (44.3)
Numano classification 

I 23 (21.7)
IIA 9 (8.5)
IIB 15 (14.2)
V 59 (55.7)

Arterial hypertension 40 (37.7)
Involvement of renal artery 29 (27.4)
Involvement of pulmonary artery  20 (18.9) 
CEUS level at baseline 

Grade 1 (including 0) 30 (28.3)
Grade 2 41 (38.7)
Grade 3 35 (33.0)

Carotid arterial wall thickness, mm, mean (SD) 2.0 (0.6)
ESR, mm/h, median (IQR) 10 (5-20)
Increased level of ESR 37 (34.9)
CRP, mg/L, median (IQR) 3.20 (1.98-7.58)
Increased level of CRP 37 (34.9)
SAA, mg/L, median (IQR) 13.05 (3.57-41.10)
Increased level of SAA 43 (40.6)
Treatment 

Prednisone 102 (96.2)
Prednisone dose, mg, median (IQR) 20 (10-40)
Cyclophosphamide 29 (27.4)
Mycophenolate mofetil 21 (19.8)
Methotrexate 43 (40.6)
Leflunomide 23 (21.7)
Tocilizumab 18 (17.0)
1 DMARD 74 (69.8)
≥ 2 DMARDs 30 (28.3)

Data are in n (%) unless otherwise indicated. CEUS: contrast-enhanced 
ultrasonography; CRP: C-reactive protein; DMARD: disease-modifying 
antirheumatic drug; ESR: erythrocyte sedimentation rate; SAA: serum 
amyloid A protein.
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changes at intervals of every 6 months. At the time interval of 
2 to 6 months, 40.3% of patients had NR, while 21.7% and 
17.1% had PR and CR, respectively. Although there were no 
differences between time intervals regarding the percentage 
of patients with each CEUS activity status, the percentage 
of patients with NR was lower in the 19- to 24-month group 
(28.4%) than in the other groups. In addition, the percentages 
of patients with increased activity (10.9%), including relapse 
or increase of grade from low-level to high-level activity, and 
a stable status (10.1%) were lower in the 2- to 6-month group 
than in the other groups. 
 During the follow-up, there were 94 active patients: 76 in 
the active group and 18 in the inactive group who relapsed. 
After excluding 3 patients from the relapse group who had no 
follow-up records, 91 patients were studied. We compared the 
differences in the remission rate between the 2 methods used 
to evaluate remission. Among these patients, 76 had achieved 
clinical remission, whereas with the CEUS-combined method, 
only 52 had reached remission status. The median remission 
time of the clinical-only evaluation was 11 (IQR 7-18) months, 
while that of the CEUS-combined method was 22 (IQR 12-26) 
months. The survival curve demonstrated that the remission rate 
of the CEUS-combined method was lower than that of the clin-
ical-only evaluation (P < 0.001; Figure 4).

DISCUSSION
This is the largest study to date that assesses follow-up outcomes 
of patients with TAK based on CEUS, to our knowledge. 
We confirmed that the vascularization grade determined by 
CEUS was significantly associated with disease activity indices, 
including the Kerr criteria score, ESR, and CRP. At a median 
follow-up of 25 months, most patients with active disease 
responded to CEUS evaluation, while relapse was observed in 
half of the patients with a median time to relapse of 16 months. 
Moreover, the remission rate of the combined CEUS evaluation 
was lower than that of the clinical-only evaluation.
 Accurate assessment and close monitoring of disease activity 
are critical because untreated inflammation can result in irre-
versible damage to the large arteries and require intensive treat-
ment during the active periods.18 To date, it is challenging to 
evaluate disease activity because symptoms, physical examina-
tion findings, and laboratory variables may not reliably reflect 
vascular inflammation.13,17,19 Carotid CEUS may be a reliable 
and valuable tool for evaluating disease activity in TAK.11-15 
This study provides further evidence of CEUS as a helpful 
method that allows dynamic assessment of carotid wall vascu-
larization, a potential marker of disease activity in patients with 
TAK.

Figure 1. CEUS-evaluated outcome of patients with Takayasu arteritis. CEUS: contrast-enhanced ultrasonography; CR: complete 
response; LTFU: lost to follow-up; NR: no response; PR: partial response; TAK: Takayasu arteritis.
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Figure 2. ESR, CRP, and SAA levels in patients with different carotid CEUS grades. CEUS: contrast-enhanced ultrasonography; 
CRP: C-reactive protein; ESR: erythrocyte sedimentation rate; SAA: serum amyloid A protein.

Figure 3. Carotid CEUS activity status of patients at various time intervals of follow-up 
(months). CEUS: contrast-enhanced ultrasonography; CR: complete response; PR: partial 
response; NR: no response; Increase: including relapse or increase of grades from low-level to 
high-level activity.
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 Only very limited experience with CEUS in the follow-up of 
TAK has been reported so far. In a single TAK case, a decrease of 
inflammation of the carotid arterial wall after steroid treatment 
evaluated by CEUS has been observed.10 Ma et al14 studied 38 
patients who completed a 3-month follow-up. They found that 
the proportion of severe vascularization decreased from 52.6% 
to 34.3%. Neovascularization can still be observed in the vascular 
lesion sites of patients who have reached clinical remission after 
treatment. Compared to Ma et al’s study, our study included many 
more patients with a much longer follow-up period with different 
visit intervals. We demonstrated consistent results showing that 
patients with active vascularization as determined by CEUS 
could achieve partial or complete remission to an inactive status. 
Additionally, relapses reflected by an increase in the CEUS grade 
were observed in 49.1% of the patients who had already attained 
remission before. Most relapses confirmed by imaging were in 
accordance with clinical relapses of patients who needed treat-
ment escalation. Hence, CEUS is a sensitive method to monitor 
disease activity and guide treatment for patients with TAK.
 There are no data available to guide the long-term follow-up 
of patients with TAK. Routine imaging for disease activity 
assessment is not recommended for patients in clinical and 
serological remission.20 However, patients with large-vessel 
vasculitis may develop new arterial lesions on vascular imaging 
during periods of apparent clinical remission. Image detection 
may be more sensitive than clinical and laboratory variables 
and may predict clinical relapse and angiographic progression 
of the disease.18 Kenar et al21 and Dua et al22 also suggested that 
imaging is the major determinant and should be included in the 
regular scheduled assessment of disease activity. When clinical 
and laboratory results are inconclusive, imaging may be used to 
decide whether to change treatment.4 Because of the limitations, 
it is not possible to perform PET, MRI, or magnetic resonance 
angiography (MRA) examinations at every scheduled 6-month 
or 1-year interval. According to our results, CEUS is sensitive 

to detecting worsening or improving disease, and it can be 
used as a critical alternate method to monitor disease activity. 
Moreover, the patients at our center had good compliance with 
CEUS. Nearly one-third of the patients had 5 or more CEUS 
examinations during the entire follow-up period. By comparing 
changes in CEUS at different time intervals, we discovered that 
conducting CEUS at 6-month intervals may be reasonable and 
sensitive to changes. Several advantages of CEUS, including the 
low cost, rapid and repetitive availability, lack of radiation expo-
sure, and not using iodine-containing contrast agents,19,23 may be 
why it has great potential for application in clinical long-term 
follow-up practice.
 To date, high-quality evidence to guide TAK treatment has 
not been found.22,24 A systematic review and metaanalysis showed 
that non-GC drugs were moderately effective in inducing remis-
sion in TAK, and pooled remission rates ranged from 58% to 
64%.25 In a long-term outcome study, complete remission was 
observed in 68.9% of patients, PR was observed in 16.7% of 
patients, and NR was observed in only 14% of patients at the 
first follow-up.26 The CR rate of our patients was lower (38.2%) 
at a median follow-up of 13 months. The Kaplan-Meier survival 
curve showed that the remission rate of the CEUS-combined 
method was lower than that of the clinical-only evaluation. It 
is possible that the recovery of vascular inflammation would 
be slower than the recovery of the clinical signs, and discor-
dance between symptoms and imaging abnormalities may 
exist. Several histopathologic studies have demonstrated active 
ongoing inflammation of arteries in > 40% of patients who were 
thought to be in clinical remission.17,21,27,28 Additionally, previous 
reports have detected persistent disease activity as detected by 
FDG-PET and MRA during periods of clinical remission in 
many patients, supporting this potential discordance.29,30 There-
fore, the response as detected by CEUS may be closer to the local 
histological response of vasculitis.
 Previous reports have demonstrated that the cumulative 

Figure 4. Remission rate of active patients evaluated by clinical and CEUS-combined methods. 
Kaplan-Meier curves show the difference between clinical remission alone and clinical remis-
sion combined with CEUS remission. CEUS: contrast-enhanced ultrasonography.
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relapse rate of TAK varies from 27% to 96%.17,26,31,32 Data from 
318 European patients with TAK showed that 42% of patients 
experienced their first relapse during the first 5 years.33 Another 
study demonstrated that at least 1 relapse was observed in 46% 
of patients at the 5-year follow-up, and the median time to 
relapse was 7.8 months.32 The relapse rate detected by CEUS in 
our study is similar to those in the previously mentioned studies, 
with a median time to relapse of 16 months. For patients, espe-
cially those without clinical symptoms, high-grade carotid wall 
neovascularization, especially grade 3, as detected by CEUS 
could provide important clues of disease relapse and alert physi-
cians to order a further detailed and comprehensive examination 
using FDG-PET or MRI/MRA.
 The main disadvantage of CEUS is that it investigates only 
a limited number of vessels, which restricts its application to a 
subset of patients and overlooks other active arterial segments.34 
Although the frequency of different TAK types differs between 
races and regions, the involvement of the carotid arteries is 
common. A study of 411 Chinese patients with TAK showed 
that subclavian arteries (79.8%) and carotid arteries (79.1%) 
were the most frequently involved arteries.35 In our cohort, 
carotid artery involvement was the most common. Our results 
showed that CEUS was sensitive to changes in disease activity 
and relapse for types I, II, and V TAK. It was able to detect these 
cases whose disease activity may be underestimated. Undeniably, 
there was an inconsistency between CEUS activity and clinical 
activity, especially in patients with type V TAK. At the individual 
level, if the patients have strong evidence of clinical activity with 
no signs of CEUS activity, it is recommended to perform other 
imaging techniques. Nonetheless, for most patients with TAK, 
CEUS could be a valuable complementary tool for evaluating 
vascular inflammation.
 There are some limitations to our study. First, our analysis was 
performed as a retrospective review at a single center. Prospective 
enrollment and data collection would have been ideal; however, 
they are challenging to achieve with such rare diseases. Second, 
because the personalized treatment strategy varied significantly, 
we did not analyze the prognostic factors, including treatments 
associated with the imaging outcome of patients. Regardless 
of the different treatment methods, we could still acquire the 
overall outcome schema of patients in the real world. Finally, 
CEUS requires qualified professionals to manually select the 
regions and analyze the images. It may have interoperator vari-
ability, which hinders its application in comparative quantifica-
tion of vasculitis for large-scale multicenter studies. Similar to 
Pereira et al’s study,36 future studies need to explore the devel-
opment of new methods that can speed up image analysis and 
eliminate user subjectivity.
 In conclusion, CEUS evaluation is sensitive to changes in 
disease activity during follow-up for most patients with TAK. 
It may be an effective technique for detecting carotid artery 
inflammation and monitoring therapeutic interventions in these 
patients.
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