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Background: Doppler ultrasound (DUS) is recommended in first-line imaging for the diagnosis of renal
artery stenosis (RAS). However, the correct selection of Doppler direct or indirect parameters and their
optimal thresholds remain controversial. This study explored simple ultrasound Doppler parameters to
diagnose severe RAS (RAS >70%) in routine clinical practice.

Methods: In this retrospective study, patients with clinically suspected renovascular hypertension who first
underwent renal artery DUS and contrast-enhanced ultrasound (CEUS) and subsequent digital subtraction
angiography (DSA) or computed tomography angiography (CTA) were consecutively included. Clinical
characteristics and ultrasound Doppler hemodynamic parameters were collected, including peak systolic
velocity (PSV), the ratio of the peak velocities in the renal artery and the aorta (RAR), the ratio of the peak
velocities in the renal artery and the segmental artery (RSR), and the ratio of the peak velocities in the renal
artery and the interlobar artery (RIR). All enrolled patients were divided into two groups based on the
degree of diameter reduction: a severe stenosis group (diameter reduction >70%) and a non-severe stenosis
group (diameter reduction <70%). Logistic regression analysis was performed to determine the independent
predictors for severe stenosis. Receiver operating characteristic curves and areas under the curve were used
to evaluate the diagnostic performance of the ultrasound Doppler parameters.

Results: A total of 85 patients (106 renal arteries) with RAS were included in this study. The optimal
thresholds of PSV in the main renal artery and the PSV ratios for diagnosing severe RAS obtained via
receiver operating characteristic curves were 249.5 cm/s for PSV, 2.94 for RAR, 5.1 for RSR, and 7.5 for
RIR. The areas under the curve of PSV and the ratios all exhibited good diagnostic efficiency (all >0.8). The
combination of these four Doppler variables demonstrated a significant benefit to the overall diagnostic
value compared with any factor alone [area under the curve (AUC) =0.962; 95% confidence interval (CI):
0.906-0.989; P<0.05]. The combination of PSV and RSR (AUC =0.925; 95% CI: 0.858-0.967) exhibited
comparable diagnostic efficiency to the combination of four ultrasonographic variables (z statistic =1.882;
P=0.06).
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Conclusions: This simple and accurate method to evaluate severe RAS based on the velocity obtained via

basic DUS may facilitate the detection of severe RAS in the majority of medical institutions and provide a

reliable basis for the selection of proper candidates for further angiography or revascularization.
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Introduction

Renovascular hypertension is the most common type of
secondary hypertension, affecting approximately 5-10%
of the general population, with an even higher prevalence
among patients with severe hypertension or end-stage
renal disease and among older adults (1,2). Renal artery
stenosis (RAS) is the most common cause of renovascular
hypertension and is mainly secondary to atherosclerotic
disease and fibromuscular dysplasia (FMD) (3). Medical
therapy remains the cornerstone of treatment for RAS, and
renal revascularization should be considered in patients with
anatomically and functionally severe RAS (2-7). Although
optimal therapy in patients with RAS is controversial and
should be determined based on the particular etiology or
clinical scenario, accurate diagnosis and evaluation are
reasonable and necessary.

Many imaging modalities are available for the diagnosis
of RAS. Contrast-enhanced computed tomography
angiography (CTA), magnetic resonance angiography
(MRA), and Doppler ultrasound (DUS) are recommended
for the establishment of an RAS diagnosis, and digital
subtraction angiography (DSA) is considered the gold
standard and predominantly used for RAS confirmation and
intervention (1). Although CTA and MRA provide accurate
anatomical images of renal arteries, there are still some
limitations in their clinical application related to radiation
absorption, specific metallic or electrical implants, devices,
foreign bodies, imposition of severe claustrophobia, and
impaired renal function (1,3,8-14).

DUS is an attractive technique owing to its
noninvasiveness, simplicity, and reproducibility and is
associated with numerous parameters and abnormal criteria
capable of indicating possible renovascular disease (1). DUS
is recommended in first-line imaging for the diagnosis of RAS
in the European Society of Cardiology/European Society
for Vascular Surgery (ESC/ESVYS) practice guidelines (2). In
the American College of Cardiology Foundation/American
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Heart Association (ACCF/AHA) practice guidelines,
DUS is recommended as a screening test to establish
the diagnosis of RAS (15). Over the past few years, the
rapid development of new technologies, such as contrast-
enhanced ultrasound (CEUS), has further increased the
accuracy of RAS diagnosis (16). CEUS can clearly show
the renal arteries and is remarkably consistent with DSA,
the widely acknowledged gold standard, in the diagnosis of
RAS >70% (17). DUS and CEUS can accurately identify
patients with severe RAS who are suitable candidates
for angiography, thus effectively avoiding unnecessary
revascularization, the risk of complications, and health care
COSts.

New ultrasound technology, such as CEUS, provides
added value in the diagnosis of RAS. However, due to a
few factors, including the higher cost of contrast agents
and the specialized training required for performing
and interpreting CEUS examinations, the popularity of
CEUS in renal artery examination is not particularly high,
especially in basic-level hospitals in China. Conventional
DUS, which can reflect the degree of stenosis and intrarenal
hemodynamic changes with morphologic recognition and
quantitative analysis of the Doppler waveform, remains the
leading method to diagnose RAS. However, some factors
limit the clinical application and popularity of DUS. For
one, renal artery examination is relatively complicated
and time-consuming requiring examiners with systematic
training and prior experience in abdominal and vascular
DUS examination, which greatly reduces the detection
rate of RAS. For another, over the past few decades, many
parameters and thresholds for the diagnosis of RAS have
been proposed. Peak systolic velocity (PSV) in the main
renal artery, the ratio of the peak velocities in the renal
artery and the aorta (RAR), the ratio of the peak velocities
in the renal artery and the segmental artery (RSR), and
the ratio of the peak velocities in the renal artery and the
interlobar artery (RIR) are all useful for the diagnosis of
RAS (18-27). However, the correct selection of these direct
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or indirect parameters and their optimal thresholds remain
controversial. Overall, further research and standardization
efforts are necessary to overcome these limitations and
optimize the clinical application of DUS for the evaluation
of RAS.

PSV is the most widely used and accurately measured
Doppler parameter and can directly reflect the
hemodynamic changes in stenosis (1,3). Higher velocity
may correlate with a greater pressure differential across the
stenosis (3). In this study, we retrospectively analyzed PSV
and PSV-related DUS parameters and explored a simple,
accurate, fast, and efficient (SAFE) DUS examination
method for screening and diagnosing severe RAS in routine
clinical practice. We present this article in accordance with
the STARD reporting checklist (available at https://qims.
amegroups.com/article/view/10.21037/qims-23-605/rc).

Methods
Patient selection

This study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013), approved by
the Institutional Review Board of Beijing Hospital (No.
2018BJYYEC-043-02), and registered in the China Clinical
Trial Registration Center (No. ChiCTR1800016252). All
patients or their legal guardians signed an informed consent
form before examination. From January 2018 to September
2021, a total of 1,110 patients underwent renal artery CEUS
examinations in our institute and were retrospectively
analyzed. All patients were consecutively enrolled and were
first examined by renal artery CEUS followed by DSA or
CTA to determine the presence and degree of RAS.

The inclusion criteria were the following: (I) RAS first
diagnosed with ultrasound (30%< stenosis rate <99%);
(II) complete DUS data, including PSV in the aorta, main
renal artery, segmental artery, and interlobar artery; and
(TIT) RAS (stenosis rate >30%) confirmed via DSA or CTA
examination.

Meanwhile, the exclusion criteria were the following:
(I) normal renal artery or RAS rate <30%; (II) renal
artery occlusion; (III) diffuse severe stenosis of the main
renal artery or high-speed blood flow at the stenosis that
could not be measured; (IV) abdominal aorta stenosis
or abdominal aortic aneurysm; (V) patients with severe
cardiac or pulmonary insufficiency or who were allergic to
the ultrasound contrast agent; (VI) pregnant and lactating
patients; and (VII) poor quality ultrasound images.
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Study protocol and imaging analysis

Renal artery CEUS examinations were performed as
follows. First, the patient’s detailed medical history was
obtained to determine the purpose of the examination.
Second, basic DUS parameters, such as PSV, were acquired.
Third, a CEUS examination of the renal artery was
performed.

All ultrasound images were interpreted by two
experienced ultrasound doctors (over 5 years of experience
in vascular and abdominal ultrasound) working in consensus
and blinded to other diagnostic results.

Ultrasound instruments and contrast agent

The following three types of ultrasound instruments
and contrast conditions were used in this study: (I)
RS80A (Samsung, Seoul, South Korea); (II) Aplio i800
(Canon, Otahara City, Japan); and (III) LOGIQ E8 (GE
HealthCare, Chicago, USA). The CEUS contrast agent was
SonoVue (Bracco Spa, Milan, Italy).

Renal artery DUS

The patients fasted for more than 8 hours to reduce
intestinal movement and gas disturbances. We first
measured the basic Doppler parameters. The contents
of the DUS parameter measurements included the peak
systolic flow velocity of the abdominal aorta, PSV at the
stenosis of the main renal artery, PSV of the renal segmental
artery, and PSV of the renal interlobar artery (Figure ).

Details of specific measurement method were as follows:
(I) the abdominal aortic blood flow velocity was measured
at 1-1.5 cm below the superior mesenteric artery. (II)
The PSV at the stenosis of the main renal artery was
measured on the modified lateral lumbar coronal section.
The patient’s back was placed at a 60°-90° angle with
the operating bed when he or she was in the right lateral
decubitus position and a 45°-60° angle when he or she
was in the left lateral decubitus position. The purpose of
this placement was to relax the abdominal wall into a soft
state. Then, the direction of the probe was adjusted to
first display the long axis of the abdominal aorta, and the
probe was pressed deeply to clearly display the opening of
the renal artery. (III) The segment arteries and interlobar
arteries in the middle of the kidney with the smallest
angle to the direction of the sound beam were selected for
measurement.
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Figure 1 Ultrasound images demonstrating the measurement method of extrarenal and intrarenal arteries. The PSV was measured on the

modified lateral lumbar coronal section with the direction of the stenotic location being parallel to the direction of the acoustic beam as

much as possible (A,B). The segment arteries and interlobar arteries in the middle of the kidney with the smallest angle to the direction of

the sound beam were selected for measurement (C,D). PSV, peak systolic velocity.

Renal artery CEUS

In this study, it was necessary to display the entire main
renal artery as much as possible and then fix the probe to
enter the angiography mode.

Following the bolus injection of 1 mL of SonoVue into
the median cubital vein, 5 mL of 0.9% sodium chloride was
quickly injected to flush the cannula. The recording was
started at the same time as contrast agent injection, and
30 seconds of dynamic imaging was recorded. The clearest
CEUS image was selected to measure the renal artery
lumen diameter and stenosis rate. All CEUS examination
results of 106 renal arteries were then compared with
those of DSA or CTA examination to confirm the degree
of stenosis. In cases where CEUS examination revealed a
RAS greater than 70%, DSA examination was performed
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for confirmation. For cases where CEUS examination
indicated a RAS less than 70%, DSA or CTA examination
was performed for confirmation.

Statistical methods

The data were analyzed using SPSS version 24.0 (IBM
Corp., NY, USA) and MedCalc version 20.111 (MedCalc
Software, Ostend, Belgium). Continuous variables are
expressed as the median and interquartile range (IQR),
while categorical variables are expressed as the number
of cases and percentages. Mann-Whitney test was used
for comparison between the continuous variables. In
order to identify potential candidates for revascularization
more effectively, all enrolled patients were divided into
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Table 1 Baseline characteristics of the patients

Zhang et al. Doppler parameters for diagnosing severe RAS

Variable

Patients with RAS (N=85) Stenosed renal arteries (N=106)

Age (years)

Male sex

Bilateral RAS

RAS secondary to atherosclerosis disease

Left main renal artery

RAS located in the proximal segment of the main renal artery

Severe RAS (diameter reduction >70%)

71 [64-77] -
58 [68] -
21 [25] -
81 [95] -

_ 51 [48]

- 101 [95]

- 62 [58]

Data are shown as median [IQR] or n [%]. RAS, renal artery stenosis; IQR, interquartile range.

two groups based on the degree of diameter reduction:
a severe stenosis group (diameter reduction >70%) and
a non-severe stenosis group (diameter reduction <70%).
Logistic regression analysis was performed to determine
the independent predictors for severe stenosis among
the DUS parameters, including PSV in the main renal
artery, RAR, RSR, and RIR. The diagnostic performance
of different Doppler parameters was evaluated using the
receiver operating characteristic (ROC) curve and area
under the curve (AUC). The optimal thresholds were
determined using the Youden index derived from the ROC
curve to balance sensitivity and specificity. The threshold
value that corresponded to the highest Youden index was
chosen as the cutoff point. Various performance measures,
including sensitivity, specificity, positive predictive value
(PPV), negative predictive value (NPV), and total accuracy
of Doppler hemodynamic parameters were calculated
and displayed. MedCalc was used to generate ROC
curves for different Doppler variables and compare their
diagnostic performance based on the AUC values. First, the
differences in AUC values among PSV, RAR, RSR, and RIR
were compared. Subsequently, the AUC of the combined
4 metrics was compared with the individual AUC values.
A P value <0.05 was considered to indicate a statistically
significant difference.

Results
Characteristics of the patient population

A total of 85 patients, comprising 106 stenosed renal
arteries, were enrolled in this study. Their screening and
analysis flow diagram is presented in Figure S1, while the
baseline characteristics of the patients are detailed in 7able 1.
The median age of the patients was 71 (range, 64-77) years,
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and 4 were younger than 18 years old. RAS was mainly
secondary to atherosclerosis disease (81 in 85 patients)
in this group. A total of 101 lesions were located in the
proximal segment or ostium of the main renal arteries, 4
in the middle, and 1 in the distal segment. Based on DSA
findings, 62 renal arteries with severe stenosis (diameter
reduction >70%) were identified. Compared with other
angiographic techniques, CEUS overestimated 2 cases
and underestimated 4 cases in identifying severe RAS. No
adverse events occurred in the study.

Basic Doppler parameters for the renal artery

The basic Doppler parameter measurements included
PSV of the abdominal aorta, PSV at the stenosis of the
main renal artery, PSV of the renal segmental artery, and
PSV of the renal interlobar artery. For the severe stenosis
group, the median PSVs of stenosis, segmental artery,
and interlobar artery were 301.1, 33.5, and 25.0 cm/s,
respectively. The median RAR, RSR, and RIR were 4.2,
9.2, and 12.0, respectively. Other median values and IQRs
of basic DUS parameters recorded from renal arteries are
presented in the Table S1. The ultrasound contrast agent
was injected after the acquisition of basic DUS parameters.
CEUS was used to locate and confirm the narrowest point
of the main renal artery. The clearest CEUS image was
selected to measure the RAS rate and lumen diameter.

Establishment of the optimal thresholds for the diagnosis of
severe RAS

Doppler data were reviewed to identify the parameters
that best predicted angiographic RAS >70%. Logistic
regression analysis was performed based on the stenosis
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Table 2 Diagnostic performance of the Doppler variables for severe RAS

Doppler variable (thresholds)  Sensitivity (%) Specificity (%) PPV (%) NPV (%) Accuracy (%) AUC (95% Cl)

PSV,an (249.5 cm/s) 80.65 90.91 92.59 76.92 84.91 0.858 (0.777-0.918)
RAR (2.94) 93.55 77.27 85.29 89.47 86.79 0.854 (0.772-0.915)
RSR (5.1) 93.55 84.09 89.23 90.24 89.62 0.888 (0.812-0.941)
RIR (7.5) 88.71 77.27 84.62 82.93 83.96 0.830 (0.745-0.896)

RAS, renal artery stenosis; PPV, positive predictive value; NPV, negative predictive value; AUC, area under the curve; Cl, confidence
interval; PSV, peak systolic velocity; PSV,....,, PSV of the main renal artery; RAR, ratio of the peak velocities in the renal artery and the aorta;
RSR, ratio of the peak velocities in the renal artery and the segmental artery; RIR, ratio of the peak velocities in the renal artery and the

interlobar artery.

degree, and patients were categorized into two groups
(diameter reduction >70% and diameter reduction <70%).
Significant differences in PSV, RAR, RSR, and RIR were
noted between the two groups (P<0.05) and are detailed in
Table S1. An ROC curve was constructed to demonstrate
the performance of these parameters in the detection of
severe RAS. The PSV of the stenosed main renal artery
(PSV,.in), RAR, RSR, and RIR exhibited good diagnostic
efficiency (AUC >0.8). The optimal thresholds for the
diagnosis of severe RAS obtained via ROC curves were
249.5 cm/s, 2.94, 5.1, and 7.5 for PSV, RAR, RSR, and
RIR, respectively. Given that the difference between each
value of RAR was small, two decimal places were reported
to ensure a closer approximation to the real situation and
better differentiation.

Diagnostic performance of DUS for detecting RAS >70%

All the Doppler variables exhibited good accuracy in the
diagnosis of severe RAS (83.96-89.62%). The sensitivity,
specificity, PPV, NPV, and total accuracy are detailed
in Table 2. At a cutoff level of 249.5 ecm/s, PSV,,, had a
specificity of 90.91% and a PPV of 92.59% in the detection
of RAS >70%. An RAR greater than 2.94 was identified
as the optimal cutoff value to detect RAS greater than
70%, with a total accuracy of 86.79%. When RAR was
considered as the diagnostic criterion, the sensitivity was
better (93.55%), and a comparable accuracy (86.79%) was
obtained. An RSR greater than the threshold of 5.1 provided
a sensitivity of 93.55%, an NPV of 90.24%, and a total
accuracy of 89.62%, with these values being slightly better
than those noted for the other parameters. When RIR was
considered as the diagnostic criterion, the sensitivity was
better than that of PSV ;. (88.71% wvs. 80.65%), whereas
the specificity, PPV, NPV and total accuracy were relatively
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inferior. Compared with other parameters, RAR and RSR
exhibited better sensitivities (93.55%) and total accuracies
(86.79% and 89.62%). PSV i, showed better specificity
(90.91%) and PPV (92.59%) than did the other Doppler
variables.

The AUCs of PSV,,.,, RAR, RSR, and RIR alone were
similar and showed no statistically significant difference in
pairwise comparisons (1ible 3). At a cutoff value of 5.1, the
AUC of RSR was 0.888 (95% CI: 0.812-0.941). To improve
the accuracy for diagnosis, two or more Doppler variables
were combined, and then the AUCs were calculated and
compared with either parameter alone (7zble 3). The
combination of these four Doppler variables (PSV .,
RAR, RSR, and RIR) demonstrated a significant benefit
to the overall diagnostic value compared with the above
4 parameters used alone (AUC =0.962; 95% CI:
0.906-0.989; P<0.05) (Figure 24). Considering that the
measurement of all these ultrasound variables is time-
consuming and complicated when employed in daily clinical
procedures, the basic and easily obtained duplex parameters,
PSV.,... and RSR, which directly reflect stenosis grading
and indirectly indicate intrarenal blood perfusion, were
combined to balance the sensitivity and specificity in the
diagnosis of severe RAS. Comparison of AUCs showed that
the combination of PSV,,,;, and RSR (AUC =0.925; 95%
CI: 0.858-0.967) exhibited comparable diagnostic efficiency
to the combination of four analyzed ultrasonographic
variables in the detection of RAS >70% (Figure 2B). No
statistically significant difference was observed between
these two groups (z statistic =1.882; P=0.06).

Discussion

RAS is a common cause of secondary hypertension,
especially in older adult patients with other atherosclerotic

Quant Imaging Med Surg 2023;13(12):8042-8052 | https://dx.doi.org/10.21037/qims-23-605


https://cdn.amegroups.cn/static/public/QIMS-23-605-Supplementary.pdf

8048

Table 3 Pairwise comparison of area under the ROC curves

Object z statistic Si?:\jgf?;)ce
PSV,.n+ RAR + RSR + RIR vs. PSV, ., 3.676 <0.001
PSV,...+ RAR + RSR + RIR vs. RAR 3.727 <0.001
PSV,...+ RAR + RSR + RIR vs. RSR 2.992 0.003
PSV,..n+ RAR + RSR + RIR vs. RIR 4.070 <0.001
PSV . vs. RAR 0.078 0.94
PSV,..in vs. RSR 0.869 0.39
PSV,...n vs. RIR 0.749 0.45
RAR vs. RSR 0.863 0.39
RAR vs. RIR 0.554 0.58
RSR vs. RIR 1.768 0.08
PSV,.n+ RSR vs. PSV, ...+ RAR + 1.882 0.06
RSR + RIR

ROC, receiver operating characteristic; PSV, peak systolic velocity;
PSV,...» PSV of the main renal artery; RAR, ratio of the peak
velocities in the renal artery and the aorta; RSR, ratio of the peak
velocities in the renal artery and the segmental artery; RIR, ratio of
the peak velocities in the renal artery and the interlobar artery.
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manifestations, and is frequently associated with refractory
hypertension and renal insufficiency (28,29). Zierler et al.
observed the natural history of RAS in patients who were
not candidates for immediate renal revascularization and
found that the degree of RAS progressed every year during
the study (30). Therefore, precise assessment of RAS,
especially severe RAS, is essential to appropriately directing
clinical decision-making (31-33).

RAS that can be surgically interfered with is typically
located in the main renal artery. Ultrasonography is
recommended as the first-line method for screening RAS,
and routine use of DUS is encouraged for detecting silent
atherosclerotic lesions in the renal artery in clinical practice
(2,28). The majority of previous studies defined RAS greater
than 60% as severe RAS (2,20,21,26-28). However, based
on our experience, these clinical justification criteria may
overestimate the impact of RAS, resulting in unnecessary
clinical intervention. In this study, diameter reduction
>70% was defined as severe stenosis, which was similar
to the evaluation criteria of DSA, and could accurately
identify patients as potential candidates for angiography or

revascularization.
B 100
80
X 60 -
> 4
= 1
s 114
3 {
5 40+ H
20
B — Combination of the 4 parameters
04 ---- Combination of PSV,,,,, and RSR

0 20 40 60 80 100
100-Specificity, %

Figure 2 Comparisons of diagnostic value among PSV and PSV ratios. MedCalc was used to draw the ROC curve of different Doppler

variables, and their diagnostic performance was compared with AUC. The combination of these 4 doppler variables (blue indicates a
significant benefit of the combined variables to the overall diagnostic value compared to each used alone; AUC =0.962; 95% CI: 0.906-0.989;
P<0.05) (A). The combination of PSV,;, and RSR (AUC =0.925; 95% CI: 0.858-0.967; P=0.06) had comparable diagnostic efficiency to
the combination of the 4 analyzed ultrasonographic variables in detection of RAS >70% (B). PSV, peak systolic velocity; PSV, ., PSV of the

main renal artery; RAR, ratio of the peak velocities in the renal artery and the aorta; RSR, ratio of the peak velocities in the renal artery and

the segmental artery; RIR, ratio of the peak velocities in the renal artery and the interlobar artery; ROC, receiver operating characteristic

curve; AUGC, area under the curve; CI, confidence interval; RAS, renal artery stenosis.
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Baxter et al. reported that color DUS failed to
demonstrate a stenotic segment of the renal artery in 16%
cases (34). CEUS can better display the entire main trunk
of the bilateral renal arteries than can color Doppler flow
imaging (CDFI) and is remarkably consistent with DSA in
the diagnosis of RAS >70% (17). We used CEUS to display
the stenosis of the main renal artery, which provide clearer
and more accurate visualization than did the CDFI images
used in early studies. Accurate display of the main RAS site
is the basis of the accurate measurement of stenosis velocity.

Renal artery CEUS is complicated and time-consuming
(15 to 60 minutes) and requires that examiners have
considerable experience and professional training in
abdominal and vascular ultrasonography (35). In basic-level
hospitals, DUS remains the leading method for diagnosing
RAS. Therefore, in this study, the point was to identify
DUS hemodynamic parameters that can be simply acquired
by most sonographers and identify their optimal thresholds
for accurately diagnosing severe RAS.

The most frequently used parameter of DUS is PSV,
which depends on a direct evaluation of elevated velocity
in a stenosed segment (1). The results of a meta-analysis
demonstrated that PSV had the highest performance
characteristics compared with other parameters such as
RAR, with an expected sensitivity and specificity of 85%
and of 92%, respectively (36). Once the RAS waveform
is obtained, the measurement of the PSV is simpler and
more accurate. In addition, a higher velocity may correlate
with a greater pressure differential across the stenosis (3).
Therefore, in this study, we chose PSV as the fundamental
parameter to investigate a SAFE method for diagnosing
RAS >70%. However, PSV is influenced by current blood
pressure, wall vessel compliance, the tortuosity of renal
arteries, and chronic renal parenchymal damage, and in
young people, it can also be affected by hyperdynamic
circulation, hyperthyroidism, and anemia (18). Therefore,
the ratio of PSV (RAR, RSR, and RIR) was used together
to decrease the influence of the abovementioned systemic
factors on PSV and produce more reliable results.

The mean PSV,,;, of the RAS >70% was 312.2+82.8 cm/s
in this study, which is similar to the results reported by
Krumme ez al. (316+146 cm/s) (22). The suggested PSV,,;,
threshold values vary among studies, and a PSV of 200 cm/s
is the commonly reported cutoff value in the diagnosis
of RAS >60% (1,7,8,20,28). In this study, we selected the
same criteria as those of DSA for the diagnosis of severe
RAS (diameter reduction >70%). The optimal threshold
of PSV was 249.5 cm/s. With this cutoff value, PSV ..,
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showed good specificity and PPV (90.91% and 92.59%,
respectively). Some authors recommend a higher PSV
threshold of 300 cm/s to improve specificity (1), but based
on our analysis, this would significantly reduce the total
accuracy. In addition, RAS is often located in the ostial
position, and there can be potential challenges related
to angle problems. Due to the anatomy and positioning,
the angle at which the DUS beam encounters the vessels
can affect the measured flow velocity. The blood flow
spectrum measured in the supine position (used in most
studies) may be higher than the actual value, leading to an
overestimation of the degree of RAS. In this study, we
adjusted the probe and patient position to optimize the
angle of insonation and reduce resulting measurement
errors. A greater than 249.5 cm/s increase in PSV can
accurately diagnosis severe RAS.

PSV ratios are minimally affected by the above factors
that affect the PSV result; therefore, it is both necessary
and feasible to measure PSV,,,,,, RAR, RIR, or RSR in the
diagnosis of RAS (26). The ratios of PSV (RAR, RSR, and
RIR) demonstrated better sensitivity and NPV than did
PSV,..in alone in predicting RAS >70% with the thresholds.
The RSR showed slightly better overall accuracy (89.62%)
than did the other Doppler parameters. Li er a/. reported
comparable results also based on Asian populations (26).
The optimal threshold values of PSV, .., RAR, RSR, and
RIR were 170 cm/s, 2.3, 4.0, and 5.5, respectively, for the
diagnosis of RAS >50% (26). In this study, a greater than
249.5 cm/s increase in PSV,;,, a greater than 2.94 increase
in RAR, a greater than 5.1 increase in RSR, and a greater
than 7.5 increase in RIR represent more realistic diagnostic
cutoff levels for the diagnosis of RAS >70% and will help
select patients who should proceed to angiography and
revascularization.

These ultrasound Doppler hemodynamic parameters
(PSV and PSV ratios) show good diagnostic performance in
the recognition of severe RAS, and no significant difference
was noted among these parameters.

The combination of PSV_,.,, RAR, RSR, and RIR
demonstrated significantly better diagnostic efficiency than
any one of them alone in predicting RAS >70% (P<0.05).
The AUC of the combined parameters was 0.962 (95% CI:
0.906-0.989). In routine clinical practice, the recognition
and measurement of the peak velocities in the segmental
artery is much easier and more accurate than other Doppler
parameters. To simplify its clinical application, two Doppler
parameters (PSV,,,;, and RSR) were combined and showed
comparable diagnostic performance to the combination of
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4 parameters (PSV .., RAR, RSR, and RIR) (AUC =0.925;
95% CI: 0.858-0.967; z statistic =1.882; P=0.06). These
simple DUS hemodynamic parameters can accurately
diagnose severe RAS.

In contrast to previous studies, we used modified lateral
lumbar coronal sections to visualize the main renal artery
and measure the blood flow spectrum of the stenosis. The
maximal Doppler shift occurs at an angle (0) of 0°. A 5°
error in estimating the Doppler angle at 30° will cause a
5.4% error in velocity determination (37). Therefore, the
best signal and best spectral image are obtained when the
direction of flow is parallel to the ultrasound beam (38).
Measuring the PSV in the modified section has the
advantage of the flow velocity being closer to the
actual flow velocity at the stenosis, which may prevent
the overestimation of stenosis, reflecting the actual
hemodynamic changes and providing results comparable to
angiography.

This study had several limitations. First, as we employed
a retrospective design, bias in patient selection and
validation was inevitable. Moreover, the majority of patients
included in the study were older adults, which may limit
its application value to other groups. Second, stenosis
of anomalous renal arteries, such as accessory RAS, was
not included, which might have led to a decrease in the
sensitivity of the application of this result in clinical practice.
Third, obesity, bowel gas, and dense atherosclerotic plaques
may interfere with the display of the main renal artery. In this
situation, the velocity of the stenosis cannot be detected.

Conclusions

We constructed a simple method to predict RAS >70%
based on the PSV and PSV ratios using basic DUS.
This simple and accurate method has the potential to
facilitate the detection of severe RAS in the majority of
medical institutions, especially in basic-level hospitals,
and to provide a reliable basis for the selection of suitable
candidates for further angiography or revascularization.
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