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Abstract

Background This study intends to analyze the hemodynamic parameters of the renal artery in patients
with Takayasu's arteritis (TAK) to explore the diagnostic efficacy of duplex ultrasonography in assessing the involved
renal artery in TAK patients.

Methods One hundred fifteen TAK patients with 314 renal arteries were retrospectively analyzed, who were admitted
to Peking Union Medical College Hospital between 2017 and 2022. These patients underwent both renal artery ultra-
sonography and angiography within a 4-week period. Specifically, the study compared seven ultrasonic parameters
across groups categorized by the severity of renal artery stenosis (RAS), including noninvolvement, < 50% stenosis,
50-69% stenosis, and 70-99% stenosis. Receiver operating characteristic (ROC) curves were employed to determine
the optimal threshold values for renal artery peak systolic velocity (RPSV), renal-aortic PSV ratio (RAR), and renal-inter-
lobar PSV ratio (RIR) in order to diagnose various degrees of RAS in TAK patients.

Results Statistically significant differences were observed in RAR and RIR among the four groups (all P < 0.05). How-
ever, no statistically significant differences were found in RPSV and AT between the moderate stenosis group (50-69%
stenosis) and the severe stenosis group (70-99% stenosis). The discrimination of interlobar PSV (IPSV) and interlobar Rl
(IRI) was not significant, and IEDV did not show statistical significance among the four groups.

For TAK patients, the recommended thresholds of RPSV for the diagnosis of renal artery involvement (RAI), > 50% RAS,
and >70% RAS were determined to be 143 cm/s, 152 cm/s, and 183 cm/s, respectively. The sensitivities, specificities,
and accuracies of these thresholds were all found to be greater than 80%. Additionally, the optimal thresholds of RIR
for detecting RAI,>50% RAS, and > 70% RAS were determined to be 4.6, 5.6, and 6.4, respectively, with satisfactory
diagnostic efficiencies. The areas under the curve (AUCs) for RPSV and RIR were calculated to be 0.908 and 0.910,
respectively, for the diagnosis of > 50% RAS, and 0.876 and 0.882 for the diagnosis of > 70% RAS. When the aortic PSV
is greater than or equal to 140 cm/s, the RAR exhibits inadequate diagnostic efficacy. Conversely, when the aortic PSV
is less than 140 cm/s, a RAR value of 2.2 or higher can be employed as the diagnostic threshold for identifying RAS

of 70% or greater, with a sensitivity of 84.00%, specificity of 89.93%, and an overall accuracy of 89.08%.
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Conclusion In the present study, it has been demonstrated that RPSV and RIR possess substantial diagnostic value
as ultrasonic parameters for diagnosing RAS in TAK patients. Furthermore, when assessing the diagnostic efficacy
of RAR, it is crucial to consider the severity of aortic stenosis as a determining factor.

Keywords Takayasu’s arteritis, Ultrasonography, Renal artery stenosis

Background

Takayasu’s arteritis (TAK) is a rare chronic systemic
vasculitis that mainly affects the aorta and its major
branches [1]. The renal artery is one of the commonly
involved vessels in TAK. It is reported that almost half
of Asian TAK patients exhibit renal artery involvement
[2, 3], resulting in the development of renal artery steno-
sis (RAS) or even occlusion, leading to hypertension or
ischemic kidney injury [4, 5].

Duplex ultrasonography is a conventional imaging
technique commonly employed for assessing the renal
artery, yielding favorable diagnostic outcomes for RAS [6,
7]. However, the existing ultrasound diagnostic criteria
for RAS are predominantly derived from studies involv-
ing patients with atherosclerotic RAS. TAK often leads to
multiple vascular stenosis or abnormal cardiac structure
and function, thereby inducing alterations in the com-
prehensive hemodynamics of the cardiovascular system.
Therefore, previous ultrasound diagnostic criteria may
not be applicable to TAK-involving renal arteries, but no
previous research has been conducted on this topic. The
purpose of this study is to evaluate the diagnostic value
of duplex ultrasonography in the involved renal artery
of TAK patients by analyzing renal artery hemodynamic
parameters.

Methods

Patients

This study was based on an ultrasonic monitoring data-
base of the Takayasu arteritis cohort, which was estab-
lished in August 2017 at Peking Union Medical College
Hospital (PUMCH), a Chinese national referral center.
We retrospectively reviewed 559 medical charts of TAK
patients until December 2022. Specifically, patients who
had gone through both renal artery ultrasonography and
either aortic computed tomography angiography (CTA)
or digital subtraction angiography (DSA) within a 4-week
period were included in the analysis. If a patient under-
went multiple examinations that satisfied the inclusion
criteria, only the latest examination data were included in
the study. Patients who underwent renal artery stenting
were excluded from the analysis. Ultimately, a total of 151
patients with technically satisfactory ultrasonic images
and complete datasets were included. Among these
patients, 8 cases had a unilateral accessory renal artery

and 2 cases had a bilateral accessory renal artery, result-
ing in a total of 314 renal arteries being analyzed.

The diagnosis fulfills both the 1990 American Col-
lege of Rheumatology (ACR) criteria and the 2022 ACR/
European Alliance of Associations for Rheumatology
(EULAR) classification criteria for TAK [8, 9]. The angio-
graphic involvement pattern was assessed according to
the criteria proposed by Numano et al. in 1994 [10], and
the description records of angiography were analyzed.
The thickening of the renal artery wall is considered renal
artery involvement (RAI), while a reduction of >50% in
diameter is considered to signify significant RAS.

Ultrasound assessment

All patients were scanned by 4 experienced physicians
who were proficient in vascular sonographic examina-
tion and interpretation with 10 to 15 years of experience.
These four sonographers received training in standard-
ized vascular ultrasound examination and were desig-
nated to conduct such examinations on patients in the
TA cohort. A Philips system (IU 22 instrumentation)
was used, with low-frequency 1- to 5-MHz curved linear
phase array transducers. If the patient is thinner, a 3- to
9-MHz linear array probe was used to observe the ini-
tial segment of the bilateral renal arteries in the supine
position. The angle of insonation was set at 60° or less,
and the smallest possible Doppler angle was achieved by
adjusting scanning sections to obtain a more substan-
tial peak systolic velocity (PSV). Patients were examined
in the anterior and lateral decubitus positions after an
overnight fast to ensure a comprehensive examination
of all sections of the main renal artery, from its origin to
the hilum. In the left 45° recumbent position, using the
descending liver as the sound transmission window dur-
ing deep inspiration, the whole course of the right renal
artery can be shown on the transverse section of the renal
hilum, which is the preferred method for the observation
of the right renal artery.

The PSV in the abdominal aorta was recorded at a dis-
tance of 1 cm below the point of the origin of the superior
mesenteric artery. The highest renal artery PSV (RPSV)
acquired at the narrowed site was recorded and selected
to calculate the renal-aortic PSV ratio (RAR) and renal-
interlobar PSV ratio (RIR). If there is no obvious narrow
segment, the PSV of the proximal segment of the renal
artery is selected. The spectrum of the interlobar renal
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artery was measured in the lateral position. Doppler
spectra were elicited in the upper-, middle-, and lower-
pole interlobar renal arteries along the pyramids, and the
one with the most marked slope was selected for record-
ing the interlobar PSV, EDYV, acceleration time (AT), and
RIL If no notable difference was found in the waveforms of
early systole among these 3 sites, the middle-pole interlo-
bar renal arteries were selected to record these Doppler
parameters. To minimize errors in the measurement of
these Doppler parameters, the following measures were
adopted: (1) the smallest velocity scale and lowest wall
filter setting were used; (2) a medium sweep speed was
set; and (3) parameters were recorded from 1 of at least
3 of the same waveforms obtained when the patient held
breath.

Statistical analysis

Statistical analyses were conducted by SPSS soft-
ware (version 27.0). Numerical data was expressed as
mean + standard deviation (SD) or median (range: mini-
mum to maximum), while categorical data was expressed
as percentages or numbers. Numerical data were com-
pared using the independent sample ¢-test or the one-
way analysis of variance, followed by the least significant
difference comparison method. Categorical data were
compared using the chi-square or Fisher exact test, as
appropriate. All probabilities were two-sided, and P val-
ues < 0.05 were considered statistically significant.

The diagnostic efficacy of renal artery hemodynamic
parameters (RPSV, RAR, and RIR) in the evaluation of
RAS was analyzed by using angiography as the diagnostic
standard. Receiver operating characteristic (ROC) curves
and Youden’s index were used to calculate optimal cutoff
values for RAS.

Results

Among the 151 patients, 142 were female and 9 were
male, aged 4-73 years, with a median age of 29 (23, 34)
years. Eighty-one individuals (53.6%) of them exhib-
ited unilateral or bilateral renal artery involvement.
Table 1 shows the angiographic manifestations of the
151 patients. The most prevalent pattern of angiographic
involvement, observed in 78.1% of cases, was Type V,
characterized by extensive involvement of the aorta and
its main branches. The proportion of significant aor-
tic stenosis (>50%) above the origin of the renal artery
was 15.3%. However, other 46.4% of the aorta exhibited
mild stenosis (30—49% stenosis), which also might affect
the blood flow of the renal artery. One hundred thirty-
one (41.7%) of the 314 renal arteries were involved, and
most of them affect the proximal segment (81.7%). Echo-
cardiography revealed mild aortic valve regurgitation in
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Table 1 Angiographic findings in the 151 TAK patients (314 renal
arteries)

Variable No. (%)

Angiographic classification
Typel 9 (6.0%)
Type lla 4(2.6%)
Type llb 13 (8.6%)
Type Il 4 (4.6%)
Type IV 3(2.0%)
TypeV 118 (78.1%)

Degree of aortic stenosis above the level of renal artery origin

<30% 58 (38.4%)
30-49% 70 (46.4%)
50-69% 17 (11.3%)
70-99% 6 (4.0%)
Renal artery involvement 131 (100%)

Left/right

Right 59 (45.0%)

Left 72 (55.0%)
Involved segment

Proximal 107 (81.7%)

Middle/distal 2 (1.5%)

All segments 22 (16.8%)
Degree of stenosis

<50% 41 (31.3%)

50-69% 24 (18.3%)

70-99% 50 (38.2%)

Occlusion 16 (12.2%)

Dilatation/aneurysm 0

43 (28.4%) patients and moderate to severe aortic valve
regurgitation in 13 (8.6%) patients.

Sixteen occluded renal arteries, one whose interlobar
artery spectrum could not be measured due to renal atro-
phy, and six with unsatisfactory imaging at the stenosis
due to excessive bowel gas were excluded. The remaining
291 renal arteries were included in the statistical analysis.

Table 2 shows the differences in hemodynamic param-
eters significant stenosis group (>50% stenosis) and non-
significant stenosis group (<50% stenosis). It is worth
mentioning that all parameters, except for interlobar
renal artery EDV (IEDV), exhibited statistically signifi-
cant difference between the two groups (all P<0.001).
Furthermore, Table 3 illustrates the variations in hemo-
dynamic parameters across different degrees (nonin-
volvement, <50% stenosis, 50-69% stenosis, 70-99%
stenosis) of RAS. The results showed that there were sta-
tistically significant variations in RAR and RIR across the
four groups (all P<0.05). However, no statistically signifi-
cant differences were observed in RPSV and AT between
the moderate stenosis group (50-69% stenosis) and the
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severe stenosis group (70-99% stenosis). The discrimi-
natory ability of interlobar PSV (IPSV) and interlobar RI
(IRI) was not found to be significant, while IEDV did not
exhibit statistical significance among the four groups.
Table 4 summarizes the cutoff values and diagnos-
tic efficacies of RPSV, RAR, and RIR in detecting differ-
ent degrees of RAS in TAK patients. The ROC curves
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for>50% and>70% RAS in TAK patients are depicted
in Figs. 1 and 2, respectively. It is worth noting that the
cutoff values for RPSV in detecting renal artery involve-
ment (RAI),>50% RAS, and>70% RAS are 143 cm/s,
152 cm/s, and 183 cm/s, respectively. Meanwhile, the
sensitivity, specificity, positive predictive value (PPV),
negative predictive value (NPV), and accuracy of these

Table 2 Comparison of hemodynamic parameters between significant stenosis group and non-significant stenosis group of RAS in

TAK patients
Parameter <50% stenosis >50% stenosis Value P
(n=222) (n=69)

RPSV (cm/s) 112.50 (90.00,139.00) 256.00 (190.00,372.50) —10.341 <0.001

RAR 0.92(0.67,1.23) 1.50(1.21,2.90) —7.997 <0.001

RIR 3.20(2.40,4.36) 8.12(6.31,15.73) -10477 <0.001

IPSV (cm/s) 36.67+12.13 30.51+14.04 3.541 <0.001

IEDV (cm/s) 11.82+447 12.29+4.95 —0.751 0454

IRI 0.66+0.11 0.58+0.14 5.398 <0.001

AT <0075 180 (81.1%) 28 (40.6%) 42354 <0.001
>0.07s 42 (18.9%) 41 (59.4%)

Table 3 Comparison of hemodynamic parameters among groups with different degrees of RAS in TAK patients

Parameter Noninvolvement <50% stenosis 50-69% stenosis 70-99% stenosis Value P
(n=182) (n=40) (n=23) (n=46)
AT <007s 152(83.5%) 28 (70.0%) 9(39.1%) 19 (41.3%) 45328 <0.001
>007s 30(16.5%)a 12 (30.0%)b 14 (60.9%)c 27 (58.7%)c

RPSV (cm/s) 106.00 (87.00, 130.00)a  174.00 (116.00,227.00)b  219.00 (185.25,307.50)c ~ 300.00 (195.00,404.00)c  134.040  <0.001
IPSV (cm/s) 36.05+11.43ab 3940+14.77a 31.00+8.31bc 30.26+16.25¢ 4973 0.002
IEDV (cm/s) 11.85+4.39 11.65+4.88 11.65+3.83 12.61+543 0429 0.732
IRI 0.66+0.11ab 069+0.11a 0.62+0.10bc 0.57+0.15d 12.450 <0.001
RAR 0.89(0.66, 1.16)a 1.11(0.76, 1.38)b 1.41(1.07,1.98)c 2.25(1.34,345)d 72.282 <0.001
RIR 3.11(233,395)a 4.72 (2,90, 6.65)b 6.90 (5.92,9.24)c 10.00 (642, 16.65)d 123.597  <0.001

The same letter indicates that there was no statistically significant difference between the groups (P>0.05), and the different letters indicate that the difference

between the groups was statistically significant (P <0.05)

Table 4 The cutoff values and diagnostic efficacies of hemodynamic parameters for detecting different degrees of RAS in TAK patients

Parameter Cutoff value AUC Sensitivity (%) Specificity (%) PPV (%) NPV (%) Accuracy (%)
RPSV Involvement 143 0.882 83.49 86.81 7913 89.78 85.57
>50% RAS 152 0.908 91.30 80.63 5943 96.76 83.16
>70% RAS 183 0876 84.78 81.22 41.77 97.11 81.79
RAR Involvement 1.1 0.754 74.31 68.68 58.69 81.70 70.79
>50% RAS 1.3 0811 7246 81.08 5435 9045 79.04
>70% RAS 13 0.825 7826 77.14 39.13 94.97 7732
RIR Involvement 46 0.847 76.15 86.81 7757 85.87 82.82
>50% RAS 56 0910 8551 87.84 68.61 95.12 87.29
>70% RAS 6.4 0.882 82.61 85.71 52.05 96.33 85.22

AUC area under the curve, NPV negative predictive value, PPV positive predictive value
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Fig. 1 Receiver operating characteristic (ROC) curves are shown for > 50% RAS in TAK patients

measurements exceed 80%. The cutoff values for RIR in
detecting RAL >50% RAS, and>70% RAS are 4.6, 5.6,
and 6.4, respectively. However, the cutoff values for RAR
were indistinct, with values of 1.1,1.3, and 1.3, respec-
tively. Additionally, the diagnostic performance of RAR
is inferior to that of RPSV and RIR. The area under the
curve (AUC) for RAR, RPSV, and RIR are 0.811, 0.908,
and 0.910, respectively, for>50% RAS, and 0.825, 0.876,
and 0.882, respectively, for>70% RAS in TAK patients.
Given that 61.7% of the TAK patients exhibited mild
or more severe aortic stenosis (>30% stenosis) above the
level of renal artery origin, the 291 renal arteries were
categorized into two distinct groups based on whether
their aortic PSV exceeded or fell below the threshold
of 140 cm/s (the cutoff value for>30% aortic stenosis).
Table 5 shows the cutoff values and diagnostic effica-
cies of RAR in detecting different degrees of RAS in
the two groups. It is observed that the cutoff value of
RAR for detecting>70% RAS differs significantly from
that for>50% RAS (2.2 versus 1.4), as well as from that
for >70% RAS when not stratified by the aortic PSV (2.2
versus 1.3), when the aortic PSV is below 140 cm/s. How-
ever, when the aortic PSV is > 140 cm/s, the differences in
the cutoff values of RAR for detecting different degrees of
RAS are less pronounced (0.9, 1.0, and 1.1, respectively).

Discussion

Takayasu’s arteritis often involves young women, which
can cause multiple vascular stenosis, leading to target
organ function damage, including the heart, brain, kid-
neys, limbs, and even fertility in young women. The
growing interest among rheumatologists in this disease,
coupled with extensive research involving large sample
sizes, has contributed to significant advancements in the
diagnosis and treatment of Takayasu’s arteritis in recent
years [9, 11, 12]. Consequently, this progress has also
facilitated the development of imaging techniques for the
diagnosis and evaluation of TAK.

The renal artery is a commonly involved vessel in TAK,
although studies in different regions have shown that the
proportion of renal artery involvement (RAI) varies. The
prevalence of RAI among TAK patients varies from 11.5
to 62%, but approximately half of Asian and Mexican
TAK patients have RAI [4, 13, 14]. Two extensive studies
conducted on Chinese TAK patients reported RAI pro-
portions of 30.34% and 48.90%, respectively [4, 5]. The
proportion (53.6%) of patients with renal artery involve-
ment was relatively high in our study, which was related
to the selection bias of patients.

Unlike atherosclerosis, the TAK-involved renal artery
wall is often thickened circumferentially with rare
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Fig. 2 Receiver operating characteristic (ROC) curves are shown for > 70% RAS in TAK patients

Table 5 The cutoff values and diagnostic efficacies of RAR for detecting different degrees of RAS in aortic PSV < 140 cm/s group and

aortic PSV > 140 cm/s group

Aortic PSV No Cutoff value AUC Sensitivity (%) Specificity (%) PPV (%) NPV (%) Accuracy (%)
<140 cm/s 174 Involvement 14 0.840 74.51 86.99 70.37 89.17 83.33

>50% RAS 14 0.888 88.24 82.86 55.56 96.67 83.91

>70% RAS 2.2 0.885 84.00 89.93 5833 97.10 89.08
>140 cm/s 117 Involvement 09 0.839 6897 89.83 86.96 74.65 7949

>50% RAS 1.0 0.848 7714 84.15 67.51 8961 82.05

>70% RAS 1.1 0.838 80.95 80.21 47.22 95.06 80.34

AUC area under the curve, NPV negative predictive value, PPV positive predictive value

instances of calcification. TAK predominantly affects the
proximal segment of the renal artery, mainly causing ste-
nosis, with a smaller proportion of cases involving arte-
rial dilatation or aneurysm. The present study observed
a high prevalence of proximal segment involvement,
accounting for 81.7% (107/131) of cases, followed by the
involvement of the entire main trunk (16.8%). The dis-
tribution of TAK involvement was similar between the
left and right sides, with 55.0% affecting the left side and
45.0% (right) affecting the right side. Chen et al. reported
that only 5 to 8% of RAIs manifested as renal artery dila-
tation or aneurysm, and are always pre- or post-stenotic

[4]. However, we did not find these changes in our study.
In our sample, the proportion of severe stenosis and
occlusion was found to be 50.4% in RAIs, whereas a pre-
vious study indicated that severe stenosis was one of the
predictors for medium-term adverse outcomes [5].

TAK frequently affects the aorta and its branches
widely, resulting in multiple vascular stenosis, of which
type V is the most common type, followed by type I
Consequently, a higher proportion of aortic stenosis
is observed in TAK compared to atherosclerosis, and
suprarenal aortic stenosis can significantly impact ultra-
sonic hemodynamic parameters, including RPSV, IPSV,
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RI, and AT, among others. Secondly, due to the stenosis
of multiple branches such as the brachiocephalic trunk,
the redistribution of systemic blood flow may be caused,
so the blood perfusion status of the renal artery in TAK
patients may differ from those without TAK-related renal
artery stenosis. Thirdly, as mentioned above, the renal
artery stenosis in TAK patients primarily manifests as
segmental and circumferential stenosis, which is different
from the localized and eccentric stenosis typically caused
by atherosclerotic plaque. Consequently, the hemody-
namic status and ultrasonic parameters of TAK-related
stenosis may differ from those observed in atheroscle-
rosis. However, it is worth mentioning that the existing
ultrasound diagnostic criteria for RAS, as established in
previous studies, predominantly rely on data obtained
from patients with atherosclerotic RAS, most of whom
are elderly and have different disease characteristics.
Therefore, the existing ultrasound diagnostic criteria may
not be applicable to TAK-involving renal arteries, and
it is necessary to conduct independent research on the
ultrasound diagnostic indicators of renal artery stenosis
in TAK patients.

According to the literature we have reviewed, this study
represents the most extensive sample size analysis to
date that systematically analyzes the ultrasound diagnos-
tic parameters of RAS in TAK patients. There have been
few studies on TAK-involving RAS, and all of them are
included in the samples of RAS caused by various causes.
AbuRahma et al. conducted the largest study in terms of
sample size, but no TAK patients were included in the
313 patients [7]. On the other hand, Li et al. included the
highest number of TAK patients, but there were only 29
TAK patients out of a total of 81 patients. Furthermore,
their evaluation focused solely on the differences in the
interlobar artery AT and RI between individuals with
atherosclerotic and nonatherosclerotic RAS [15].

This study shows that both RPSV and RIR exhibit
favorable diagnostic efficacies in identifying renal artery
involvement and renal artery stenosis in TAK patients.
The diagnostic accuracies are both more than 80%, and
the cutoff values for different degrees of stenosis exhibit
satisfactory discrimination, which is convenient for clini-
cal application. A meta-analysis study showed that RPSV
exhibits superior performance characteristics, with an
expected sensitivity of 85% and specificity of 92% [16].
It should be noted that the diagnostic thresholds used
in various research centers are different. The commonly
used diagnostic thresholds of >50% or>60% RAS typi-
cally correspond to velocities of 180 cm/s or 200 cm/s,
yielding sensitivities and specificities ranging from 85
to 90% [6, 17-22]. In the case of TAK patients, when
the renal artery is involved, the PSV usually exceeds
143 cm/s, and when PSV is greater than 152 cm/s or
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183 cm/s, it indicates that the degree of RAS is equal to
or exceeds 50% or 70%, respectively, as demonstrated in
this study.

RIR is the ratio of RPSV to IPSV, and it is less affected
by factors such as aortic disease or cardiac function; thus,
this index is one of the reliable indicators for ultrasound
diagnosis of renal artery stenosis. Similar parameter is
RSR, which is the ratio of RPSV to the PSV of the seg-
mental artery. Souza de Oliveira et al. used ROC curve
analysis to obtain that the optimal threshold of RSR for
diagnosing>50% RAS was 5, yielding a sensitivity of
93.33% and specificity of 89.47% [23]. Similarly, Li et al.
demonstrated that the optimal diagnostic threshold of
RIR for>50% RAS was 5.5, with an AUC of 0.927, and
both sensitivity and specificity were reported to be 88%
[24]. For TAK patients, our study showed that the opti-
mal thresholds for diagnosing RAL >50% RAS, and >70%
RAS were determined to be 4.6, 5.6, and 6.4, respectively.
Notably, the diagnostic threshold of>50% RAS (5.6)
closely aligned with the findings of Li et al. (5.5), indicat-
ing that the influence of etiology on RIR may be minimal.

For RAR, this study proposes that aortic stenosis
occurring above the origin of the renal artery signifi-
cantly affects the performance of it. Taking no account
of aortic stenosis, the cutoff values and diagnostic accu-
racies of RAR were suboptimal, and it demonstrated
limited ability to differentiate between RAI, >50% RAS,
and>70% RAS in TAK patients. The respective cut-
off values for RAL >50% RAS, and>70% RAS were 1.1,
1.3, and 1.3, with corresponding diagnostic accuracies
of 70.79%, 79.04%, and 77.32%, respectively. When cat-
egorized based on whether the aortic PSV at the level of
renal artery opening was>140 cm/s (the optimal cutoff
value for >30% aortic stenosis), the diagnostic effective-
ness of RAR was significantly enhanced when the aor-
tic PSV was<140 cm/s, and meantime the diagnostic
threshold for RAS >70% was determined to be 2.2, with
a sensitivity of 84.00%, specificity of 89.93%, and diag-
nostic accuracy of 89.08%. But, when aortic stenosis
was>30% or aortic PSV was >140 cm/s, the diagnostic
effectiveness of RAR was not satisfactory. Therefore, for
TAK patients, RAR should not be used as a diagnostic
indicator when the abdominal aorta is narrow or the aor-
tic PSV is increased (>140 cm/s). Conversely, when the
abdominal aorta is within normal limits or the stenosis
is less than 30%, a diagnosis of RAS>70% can be estab-
lished if RAR >2.2. This diagnostic threshold is compara-
tively lower than that of non-TAK RAS (2.5~ 3.7, mostly
3.5) [6, 7, 20, 25-27], indicating a decrease in the dispar-
ity between the PSV of the abdominal aorta and the PSV
of the narrow renal artery in TAK patients, which may
be attributed to the hemodynamic alterations occurring
within the systemic circulation system of TAK patients.
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For the hemodynamic parameters of the interlobar
artery, IEDV had no significant difference among groups
of different stenosis degrees, while the differences in
IPSV, IRI, and AT among these groups were not as sig-
nificant as those observed in RPSV and RIR. In addi-
tion, due to aorta or coronary artery involvement, some
patients might also have cardiac structural and func-
tional abnormalities, such as aortic valve insufficiency.
In this group of TAK patients, the proportion of aortic
valve insufficiency was as high as 37.0%, with 8.6% of
cases classified as moderate to severe. Aortic valve insuf-
ficiency can lead to a decrease in diastolic blood flow and
velocity within the renal artery, which directly leads to an
increase in renal artery RI. Therefore, in TAK patients,
the increase of renal artery RI is not necessarily caused
by renal impairment but may also be caused by cardiac
problems such as aortic valve insufficiency, which needs
comprehensive analysis.

The major limitation of this study is that most of the
TAK patients underwent CTA examination rather than
DSA, because the use of catheter-based arteriograms has
been largely replaced by noninvasive imaging modalities
in TAK patients nowadays [28]. Therefore, there may be
the possibility of overestimating or underestimating the
degree of RAS in some cases, which may compromise the
power of the conclusion. However, the diagnostic accu-
racy of CTA for detecting renal artery stenosis has been
reported to be as high as 97.8% [29, 30]. Consequently,
CTA has become a widely utilized method for evaluat-
ing arterial involvement in TAK patients. In the case
of a large sample size, it can reduce the impact on the
research conclusions. In addition, the proportion of TAK
patients who underwent renal artery ultrasonography
and angiography within a 4-week period was relatively
small, and further prospective study is needed.

Conclusions

In conclusion, our study has indicated that RPSV and
RIR remain the most valuable ultrasonic diagnostic
parameters for assessing RAS, even in TAK patients,
but the optimal thresholds for these parameters seem to
differ from the existing diagnostic criteria established
based on atherosclerotic patients. For TAK patients,
our data suggests the optimal thresholds of RPSV for
diagnosing >50% RAS and >70% RAS were determined
to be 152 cm/s and 183 cm/s, respectively; meanwhile,
the optimal thresholds of RIR were identified as 5.6 and
6.4, respectively. For RAR, its diagnostic value can be
judged according to the severity of aortic stenosis. In
our study, when the aortic PSV is>140 cm/s, RAR is
not considered a satisfied parameter for diagnosing
RAS. However, when the aortic PSV is<140 cm/s, a
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RAR value>2.2 can serve as the diagnostic threshold
for identifying renal artery stenosis of >70%.

Additional research is warranted to explore the
potential influence of cardiac-related issues on the
hemodynamics of patients diagnosed with Takayasu’s
arteritis.
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