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Objective: Takayasu arteritis (TAK) is a rare vasculitis predominantly affecting the

aorta and its branches. Aortic valve (AV) insufficiency is a clinically significant but

underexplored manifestation of TAK. This study aimed to evaluate the

prevalence, associated risk factors, and prognostic implications of AV

insufficiency in a large, multicenter cohort of TAK patients.

Methods: We retrospectively analyzed data from 252 patients diagnosed with

TAK across 11 rheumatology centers in Türkiye. Echocardiographic findings,

clinical characteristics, treatment data, and long-term outcomes were

collected. Severity and progression of AV insufficiency were assessed using

standardized echocardiographic criteria.

Results: AV insufficiency was present in 33% of patients, with moderate to severe

forms observed in 12% and with 7% requiring valve replacement. Ascending aorta

and renal artery involvement, hypertension, and heart failure were more frequent

in patients with AV insufficiency. Over a median follow-up of 97 months, AV

insufficiency progressed in 17% of baseline affected patients. The absence of

subclavian artery involvement and vascular damage index (VDI) were found to be

independent risk factors for AV insufficiency progression. Despite the structural

progression, AV insufficiency did not significantly impact mortality, relapse rates,

vascular damage index, or treatment patterns.
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Conclusion: AV insufficiency is the most clinically relevant valvular pathology in

TAK, and its baseline presence did not adversely influence TAK disease outcomes.

Progression was observed in a subset of patients, and this was associated with

higher VDI scores, particularly among those without subclavian artery

involvement. Timely diagnosis and multidisciplinary management may mitigate

its impact on long-term outcomes.
KEYWORDS

Takayasu Arteritis, aortic valve insufficiency, valvular involvement, echocardiography,
prognosis, risk factors
Introduction

Takayasu arteritis (TAK) is a rare, chronic, granulomatous

vasculitis that primarily affects the aorta and its major branches

and most commonly seen in young women and can lead to

progressive arterial stenosis, occlusion, and aneurysm formation

(1). The disease is often characterized by systemic inflammation,

resulting in symptoms such as fatigue, fever, weight loss, and vascular

complications, including diminished or absent pulses, hypertension,

and ischemic manifestations and significant portion of patients with

TAK experience cardiac valvular involvement, with the aortic valve

being the most commonly affected (2). This involvement frequently

results in valvular insufficiency, leading to progressive deterioration

in valve function and negatively impacting disease outcomes such as

heart failure (2). The involvement of the ascending aorta has been

identified as a key risk factor for aortic valve (AV) insufficiency (3).

Mitral valve (MV) insufficiency is not rare in TAK. However, given

the relatively high prevalence of mild MV regurgitation in the general

population and the possibility of MV abnormalities occurring

secondary to aortic valve pathology, its clinical significance may be

considered negligible (4). Although AV insufficiency in TAK is a

clinically important manifestation, comprehensive data regarding its

associated risk factors, the progression of AV insufficiency, and the

long-term prognosis of affected patients remain limited. This study

aims to investigate the frequency, risk factors, and prognosis of AV

insufficiency in a large cohort of patients with TAK.
Materials and methods

Subjects who were diagnosed with TAK according to the 1990

American College of Rheumatology criteria and had

echocardiography performed at baseline, from eleven rheumatology

centers in Türkiye were included in this retrospective longitudinal

study. Patients with acute rheumatic fever and congenital cardiac

valvular disease were excluded. Clinical, laboratory, echocardiography,

computed tomography angiography and magnetic resonance

angiography data were obtained from outpatient polyclinic files

from January 2005 to May 2025. AV, MV, tricuspid valve (TV) and
02
pulmonary valve (PV) abnormalities, including thickening,

calcification, stenosis, and insufficiency of the valves, were defined.

Mild, moderate, and severe valvular pathology were classified

according to the 2017 AHA/ACC Focused Update of the 2014

AHA/ACC Guidelines for the Management of Patients with

Valvular Heart Disease (5). Angiographic classification of involved

arteries was based on Numano’s criteria (6). Vasculitis damage index

(VDI), a validated damage score consisting of 63 parameters to assess

various organ systems has been calculated throughout the patient

visits (7). Total follow-up durations, number of relapses as well as VDI

scores were collected from the last visit data. If there was deterioration

in the degree of AV insufficiency or a new AV insufficiency detected

on the last echocardiography, and/or AV intervention was performed,

these conditions were defined as worsening in AV insufficiency.

Statistical analyses were performed using SPSS 21.0 (SPSS

Statistics for Windows, Chicago: SPSS Inc.). Kolmogorov-Smirnov

test was used to determine whether a continuous variable follows a

normal distribution. Descriptive statistics are reported as the mean

and standard deviation for variables with a normal distribution,

while non-normally distributed variables are summarized using the

median along with the interquartile ranges. Clinical findings were

compared according to the presence of AV insufficiency.

Differences between continuous variables and categorical data

were tested using the student’s t-test or Mann-Whitney test and

chi-square test. Those factors associated with AV insufficiency

progression on univariate analyses at significance level p<0.2 were

tested with multivariate analysis using logistic regression. All

analyses used a 5% two-sided significance level and results were

expressed as odds ratio (OR) and 95% confidence interval (CI).

The study was approved by the Ethics Committee of the

University of Health Sciences Bakirkoy Dr. Sadi Konuk Training

and Research Hospital on August 23, 2023, with decision number

2023-16-17.
Results

A total of 252 patients with TAK were analyzed in our study.

Median age of patients at diagnosis was 33.7 (20.9-46.5) years and
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215 (85.3%) patients were females. MV insufficiency (42%) was the

most commonly seen valvular abnormality and 16 (15%) of them

had moderate to severe insufficiency (Table 1). Among the 83

patients (33%) diagnosed with AV insufficiency, 36% exhibited

moderate or severe insufficiency. Among patients with moderate to

severe valvular insufficiency, AV insufficiency (12%) was the most

common, followed by MV insufficiency (7%). AV insufficiency was

identified in 79 (75%) out of 106 patients diagnosed with MV

insufficiency. Conversely, 15.8% of the patients without AV

insufficiency exhibited only MV insufficiency. All patients with

moderate or severe TV insufficiency had additional either AV and/

or MV insufficiency.

Valve thickening was observed in a considerably smaller

proportion of patients, occurring in 3% and 2% of cases with MV

and AV involvement, respectively. Stenosis of either valve was

identified in only 1% of the patients (Table 1).

The clinical and laboratory characteristics of patients with and

without AV insufficiency are presented in Table 2. Ascending aorta

(45%) and renal artery (37%) involvement were significantly more

common among patients with AV insufficiency (p=0.049 and

p=0.037, respectively). Additionally, the prevalence of

hypertension (40%) and congestive heart failure (12%) was

significantly higher in the group with AV insufficiency (p=0.020

and p=0.018, respectively). No statistically significant difference was

observed between the two groups in terms of Numano radiological

classification, sex, age, smoking and systemic findings.

The median follow-up duration was comparable between patients

with and without AV insufficiency, calculated as 97.4±67.7 months and

98.8±64.8 months, respectively (p=0.873; Table 3). There were no

statistically significant differences between the two groups in terms of

relapse frequencies, vascular damage index scores, treatment regimens,

or mortality rates (Table 3). A total of 21 patients were found to have

progression of AV insufficiency during the follow-up period, including

seven patients with newly developed AV insufficiency. Therefore,

progression developed in 17% of our patients with baseline AV

insufficiency, while regression of insufficiency was determined in 10%

of those patients.

Clinical features according to the progression of AV

insufficiency are shown in Table 4. Six patients (%29) in the

progression group subsequently underwent percutaneous or

surgical aortic valve replacement (p=0.02). Abdominal aorta

(52%) involvement was more frequent in the progression group,

whereas subclavian artery (11%) involvement was less common,
Frontiers in Immunology 03
and VDI scores were higher among patients with progression (p

values: 0.047, 0.016 and 0.001, respectively). Furthermore, absence

of subclavian artery involvement and VDI emerged as independent

risk factors for AV insufficiency progression in multivariate

regression analysis (Table 5).
Discussion

In our study, AV insufficiency stands out among other valvular

pathologies in patients with TAK. Although MV and TV

insufficiencies are more frequent in terms of prevalence, the

proportion of moderate to severe involvement is particularly

notable in AV insufficiency. TV insufficiency and MV

insufficiency are rarely an isolated issue and are usually expected

to develop secondary to AV insufficiency and the prevalence of mild

MV insufficiency in the general population is reported to be around

10%, which is slightly higher than the prevalence observed among

our patients without AV insufficiency (8). Therefore, as in previous

studies, focusing on AV insufficiency in the clinical interpretation

and management of cardiac valvular involvement in TAK patients

appears to be appropriate (9, 10).

In three studies conducted in China, AV insufficiency was

identified as the most prevalent valvular pathology among

patients with TAK. Two of these studies, which involved a

relatively small patient cohort, reported an AV insufficiency

prevalence of nearly 50% (9, 11). The other, encompassing over

1,000 TAK patients, reported a frequency of 24%, with half of the

cases classified as moderate or severe (12). Compared to that study,

our study demonstrated a slightly higher overall prevalence of AV

insufficiency; however, the proportion of moderate and severe cases

was comparatively lower. All these rates are significantly higher

than the prevalence of AV insufficiency observed in the general

population. In the normal population, AV insufficiency ranks as the

third most common valvular pathology and its prevalence increases

with advancing age (13, 14). In the United States, the prevalence of

moderate to severe AV insufficiency among individuals over the age

of 75 is reported to be only 2% and the most well-established risk

factors include AV stenosis and the presence of a bicuspid aortic

valve (15).

According to the studies conducted by Zhang Y and Li J et al.,

the prevalence of MV insufficiency in patients with TAK was

reported as 13%, which is lower than the rate observed in our
TABLE 1 Valve involvement patterns on baseline echocardiograms.

Characteristics Aortic valve Mitral valve Tricuspid valve Pulmonary valve

Overall insufficiency 83 (33%) 106 (42%) 100 (40%) 9 (4%)

Moderate insufficiency 22 (9%) 12 (5%) 3 (1%) 0

Severe insufficiency 8 (3%) 4 (2%) 3 (1%) 0

Thickening 4 (2%) 7 (3%) 1 (0.5%) 1 (0.5%)

Stenosis 2 (1%) 2 (1%) 0 0

Calcification 10 (4%) 0 0 1 (0.5%)
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patient cohort (3, 12). This difference may be due to the higher

prevalence of other causes of MV insufficiency, such as acute

rheumatic fever in our population (16). In addition, mitral valve

prolapse which can progress to MV insufficiency, is common in the

general population (17). Interestingly, they also reported TV
Frontiers in Immunology 04
insufficiency at a rate that was even lower than is typically

observed in the general population (14). In our patient cohort,

TV insufficiency was the second most common valvular pathology

following MV insufficiency. However, clinically significant

moderate to severe TV insufficiency was not observed in patients

without concomitant AV or MV insufficiency, suggesting that TV

involvement is predominantly secondary in nature.

The available literature on risk factors specifically associated

with AV insufficiency in TAK remains quite limited. In most of the

studies cited, risk assessments were conducted for overall valvular

involvement rather than focusing on AV insufficiency alone.

However, as discussed earlier, this approach is methodologically

flawed. In the study by Shi et al., which specifically examined AV

insufficiency, Numano type 2b angiographic classification, elevated

C-reactive protein (CRP) levels, and ascending aorta involvement

were identified as significant risk factors (9). Consistent with these

findings, our study also suggests that ascending aorta involvement

may be a contributing risk factor. A higher prevalence of heart

failure findings in patients with AV insufficiency is expected (18).

Furthermore, the frequent presence of renal artery involvement and

hypertension in these patients warrants further investigation

through comprehensive studies to clarify the causal relationship.

It is plausible that hypertension contributes to AV insufficiency by

increasing afterload (19).
TABLE 2 Baseline clinical features according to the presence of AV
insufficiency.

Characteristics AVI+ n:83 AVI – n:169 P values

Female n, (%) 72 (87%) 143 (85%) 1.000

Age at diagnosis (mean ±
SD)

35.2 ± 12.8 33.0 ± 12.7 0.196

Delayed diagnosis (years,
mean ± SD)

3.3 ± 5.3 2.5 ± 4.1 0.244

Smoker n, (%) 17 (20%) 31 (18%) 0.605

Vascular involvement n, (%)

Ascending aorta 37 (45%) 52 (31%) 0.049

Descending aorta 31 (37%) 44 (26%) 0.106

Abdominal aorta 28 (34%) 49 (29%) 0.561

Carotid artery 54 (65%) 102 (60%) 0.674

Subclavian artery 66 (80%) 119 (70%) 0.212

Renal artery 31 (37%) 40 (24%) 0.037

Numano type n, (%)

Type 1 19 (23%) 53 (31%)

Type 2 18 (22%) 37 (22%)

Type 3 3 (4%) 2 (1%)

Type 4 1 (1%) 10 (6%)

Type 5 41 (49%) 64 (38%) 0.131

Clinical findings n, (%)

Systemic findings 30 (36%) 61 (36%) 0.775

Claudication 52 (63%) 95 (56%) 0.163

Peripheral murmur 17 (20%) 5 (3%) 0.859

Pulselessness 21 (25%) 51 (30%) 0.283

Hypertension 33 (40%) 47 (28%) 0.020

Coronary artery disease 6 (7%) 11 (7%) 0.325

Congestive heart failure 10 (12%) 6 (4%) 0.018

Cerebrovascular
accident

6 (7%) 10 (6%) 0.174

Overlap autoimmune
disease

6 (7%) 8 (5%) 0.349

CRP mg/l, (mean ± SD) 47.0 ± 47.94 40.2 ± 63.0 0.472

ESR mm/h, (mean ± SD) 49.7 ± 47.9 51.3 ± 33.2 0.734

Hyperlipidemia n, (%) 5 (6%) 24 (14%) 0.814
CRP, C reactive protein; ESR, Erythrocyte sedimentation rate; AVI, Aortic valve insufficiency.
Bold values are statistically significant.
TABLE 3 Cumulative clinical findings and treatments according to the
presence of baseline AV insufficiency.

Characteristics AVI+ n:83 AVI – n:169 P values

Follow-up time (mean ±
SD)

97.4 ± 67.7 98.8 ± 64.8 0.873

Relapse counts, median
(IQR)

1 (0–2) 1 (0–2) 0.793

AVI progression 14 (17%) 7 (4%) 0.001

Cumulative cardiovascular event, n (%)

Coronary artery disease 2 (3%) 5 (3%) 1.000

Congestive heart failure 4 (19%) 2 (8%) 0.765

Cerebrovascular
accident

6 (9%) 10 (6%) 0.384

Cumulative prednisolone,
g (mean ± SD)

8.9 ± 7.1 7.5 ± 7.4 0.309

Other treatments, n (%)

Methotrexate 64 (77%) 107 (63%) 0.714

Azathioprine 35 (42%) 59 (35%) 1.000

Leflunomide 15 (18%) 29 (17%) 0.860

TNF inhibitors 31 (37%) 46 (27%) 0.288

Tocilizumab 15 (18%) 32 (19%) 0.726

Vascular damage index,
median (IQR)

2 (1–4) 2 (0–3) 0.079

Death 8 (10%) 6 (4%) 0.080
fr
AVI, Aortic valve insufficiency; IQR, interquartile range.
Bold values are statistically significant.
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There is a lack of significant data in the literature concerning the

long-term follow-up and outcomes of TAK patients with AV

insufficiency. In our study, although echocardiographic progression

of AV insufficiency was observed in 17% of patients with a baseline

diagnosis along with seven additional new diagnosis, this progression

did not appear to significantly impact cardiovascular outcomes,

number of relapses, cumulative prednisolone dose, or other

treatment parameters. This stability may be attributed to effective

medical management and timely interventional valve replacement.

The increase in VDI appears to be closely related to AV insufficiency

progression. Glucocorticoid-related damage may represent a

determining factor at this stage. Nevertheless, it should be

acknowledged that the VDI is not an ideal instrument for assessing

damage in TAK. For instance, mechanical cardiovascular

complications related to valvular pathology are also captured
Frontiers in Immunology 05
within the VDI. What adds to the complexity of interpretation is

that cardiac valve involvement is directly incorporated into the VDI
TABLE 4 Clinical features according to the presence of AV insufficiency progression.

Characteristics AVI progression + n:21 AVI progression- n:231 P values

Female, n (%) 20 (95%) 194 (84%) 0.330

Follow-up time (mean ± SD) 94.1 ± 80.9 99 ± 64.2 0.790

Vascular involvement, n (%)

Ascending aorta 7 (3%) 81 (35%) 1.000

Descending aorta 5 (2%) 70 (30%) 0.623

Abdominal aorta 11 (52%) 66 (29%) 0.047

Carotid artery 15 (71%) 140 (61%) 0.486

Subclavian artery 11 (52%) 173 (75%) 0.016

Renal artery 7 (3%) 64 (28%) 0.624

Numano type, n (%)

Type 1 5 (2%) 67 (29%)

Type 2 5 (2%) 50 (22%)

Type 3 0 (0%) 5 (2%)

Type 4 1 (5%) 10 (4%)

Type 5 10 (48%) 94 (41%) 0.927

Hypertension, n (%) 11 (55%) 97 (55%) 1.000

Hyperlipidemia, n (%) 5 (25%) 32 (18%) 0.544

Cumulative cardiovascular event, n (%)

Coronary artery disease 2 (12%) 12 (9%) 0.672

Congestive heart failure 1 (7%) 11 (10%) 1.000

Cerebrovascular accident 2 (10%) 14 (6%) 0.716

Cumulative prednisolone, g (mean ± SD) 11.3 ± 8.1 7.6 ± 7.2 0.151

Relapse counts, median (IQR) 1 (0–2) 1 (0–2) 0.889

Vascular damage index, median (IQR) 4 (3–4) 2 (0–3) 0.001

Aortic valve replacement 6 (29%) 0 (0%) 0.020

Death 0 (0%) 14 (6%) 0.615
fr
AVI, Aortic valve insufficiency; IQR, interquartile range.
Bold values are statistically significant.
TABLE 5 Multivariable analysis for AV insufficiency progression in TAK
patients.

Characteristics P value OR CI (95%)

Hyperlipidemia 0.380 0.533 0.131, 2.174

Congestive heart failure 0.266 1.778 0.646, 4.899

Carotid artery involvement 0.395 0.535 0.127, 2.258

Subclavian artery
involvement

0.009 6.707
1.623,
27.727

Vascular damage index 0.002 1.557 1.174, 2.066
Bold values are statistically significant.
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score. While ascending aortic involvement appears to act as a risk

factor in the presence of baseline AV insufficiency, it does not seem to

contribute to disease progression. By contrast, the protective effect of

subclavian artery involvement demonstrated in our study warrants

further investigation.

Six out of 30 patients with moderate to severe AV insufficiency

underwent AV replacement during the follow-up period.

Multidisciplinary monitoring of these patients in collaboration with

cardiology and cardiovascular surgery departments is essential. In

recent years, percutaneous AV replacement has become more

common as an alternative to surgical intervention (20). However,

there is currently no specific guideline addressing follow-up and

replacement strategies for AV insufficiency in TAK patients. Notably,

echocardiographic improvement was observed in 10% of patients, an

outcome that differs from expectations in the general population and

suggests that responsiveness to immunosuppressive therapy may

influence decisions regarding valve replacement.

The most significant limitation of our study is the use of

echocardiography, a subjective imaging modality, which was

performed by different cardiologists at various centers, potentially

introducing inter-observer variability. Furthermore, the retrospective

design of the study restricted our capacity to obtain more

comprehensive data on cardiovascular and echocardiographic

outcomes. Additional limitations include the absence of a

standardized follow-up protocol among participating centers and the

lack of baseline echocardiographic assessments in all TAK patients,

regardless of the presence or absence of cardiovascular symptoms.

In conclusion, our study is the first in the literature to provide

comprehensive data on valvular involvement and disease prognosis

in a substantial TAK patient cohort, and it identifies AV insufficiency

as the predominant valvular pathology in patients with TAK. These

patients exhibit high rates of ascending aortic involvement,

hypertension, heart failure, and renal artery involvement.

Furthermore, subclavian artery involvement is associated with a

negative impact on the progression of AV insufficiency.

Importantly, the presence of AV insufficiency does not adversely

influence overall TAK disease outcomes. However, progression of AV

insufficiency appears to be closely linked with VDI.
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