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Renal artery stenosis (RAS) is one of the major causes of secondary hypertension and renal impairment. Ultrasound (US)
is a noninvasive, real-time examination method for detecting RAS. The available US scanners enable the depiction of
small vessels or organs. Gray-scale US can assess the morphology of the renal artery and kidney. Hemodynamic
changes in the renal artery and kidney are evaluated with color and spectral Doppler US. Contrast-enhanced US may
directly show the diameter change in the renal artery with intravascular contrast material that is not harmful to patients
with poor renal function. Therefore, US is a useful examination method for detecting RAS, regardless of patient renal
function.
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| 1. Introduction

There are many imaging studies on detecting RAS with ultrasound (US) & computed tomography (CT) & magnetic
resonance imaging (MRI) BIBIE  digital subtraction angiography (DSA) [BI& and angiotensin-converting enzyme
inhibitor scintigraphy 2L CT or MRI is preferred because radiologists are familiar with CT and MR angiography.
However, these examinations require the use of intravascular contrast material for evaluating the diameter of the renal
artery. Given that these patients frequently have decreased renal function, serious complications can be induced by the
intravascular administration of iodine 1211311141 or gadolinium contrast material [EI[231116]

Renal artery US is a more-skilled technique than renal US because the renal artery is a small vessel that is deep-seated
in the retroperitoneal space (Table 1). For this reason, many radiologists or sonographers rely on renal US to identify
RAS. Understanding the anatomical characteristics and differences between the right and left renal arteries is essential for
properly conducting renal artery US. Breath-holding is not necessary during renal artery US (Table 1). Accordingly, renal
artery US appears to be better for detecting RAS in patients who cannot easily control respiration on their own. However,
this US examination has several limitations: First, even though the main renal artery can be assessed with renal artery
US, the assessment of segmental or subsegmental renal arteries is limited. Second, assessing renal arteries can be
technically difficult because of poor sonic windows that result from bowel gas, poor image resolution, or weak frequent
shift. Left RAS is more difficult to detect than right RAS. The left renal artery is farther from the transducer, more frequently
obscured by bowel loops, and travels straighter without angulation. Third, multiple renal arteries are harder to detect with
renal artery US because each is smaller than a single renal artery. Finally, renal artery US is more influenced by patient
body mass index than renal US.

Table 1. Renal artery US versus renal US in detecting for RAS.

US Techniques and Accuracy Renal Artery US Renal US
Imaging techniques More difficult Less difficult
Scan time Longer Shorter
Breath hold Unnecessary Necessary
Bowel artifact Frequent Infrequent
Diagnostic performance Higher Lower

Note: RAS, renal artery stenosis.

Renal US requires less difficult techniques than renal artery US. However, breath-holding is essential to acquire an
optimal Doppler spectrum which is important when calculating acceleration time, rate, and resistive index. This



guantitative measurement is a key to precisely identify delayed and weak pulse in patients with RAS. Therefore, renal US
has a limitation in patients who have shortness of breath or respiratory distress.

| 2. Renal Artery US: Imaging Techniques

Renal artery US is not established terminology on PubMed; there are no researchs defining it, even though many
investigations have demonstrated the utility of US in assessing the velocity of bilateral renal arteries. It can be defined as
an US technique used to directly assess the renal artery. The renal artery is not easy to detect with US because it is a
deeply situated small vessel 2. The right and left renal arteries are sited posterior to the left renal vein. Therefore, to
assess RAS, the first step is to find the left renal vein 8. The right renal artery arises from 9-12 o'clock of the aorta and
passes behind the inferior vena cava (Figure 1). These anatomical characteristics result in the focal angulation of the right
renal artery, in which blood flow is clearly visible because of the good frequency shift. In contrast, the left renal artery
arises from 2-5 o’clock of the aorta and travels away from the transducer (Figure 1).

(b)

Figure 1. Normal anatomy of renal artery. (a) Gray-scale US axial image shows right renal artery (arrows) arising 10
o’clock from the aorta. It shows a short segmental angulation behind the inferior vena cava (IVC); (b) gray-scale US axial
image shows left renal artery arising 4 o’clock from the aorta. It is located below the left renal vein (LRV) and is traveling
away from the transducer without angulation.

| 3. Renal Artery US: Imaging Features
3.1. Gray-Scale US

Gray-scale US is not well-known to be particularly useful in detecting RAS. Previously published studies did not clearly
describe the imaging features of gray-scale US, but rather those of Doppler US. Renal artery occlusion was not directly
assessed even in an animal study 8. However, current gray-scale US has the potential to assess renal arteries directly
because the ongoing development of US scanners is providing higher resolution imaging than before. Transabdominal US
can be used to evaluate proximal and middle segments of renal arteries. Transrenal US can be used to assess the distal
segment of renal arteries in the flank. The location, number, and length can be shown depending on the patient's obesity
or bowel gas (Figure 2).
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Figure 2. Renal artery and renal US examinations of a 50-year-old man. (a) Gray-scale US axial image shows focal
stenosis (arrows) in the proximal right renal artery (RRA) and poststenotic dilatation (arrowhead). His RAS was
incidentally detected in the routine check-up because his clinical or laboratory findings were unclear. (b) Gray-scale US
sagittal image that shows a small (9 cm) right kidney in which the cortex (RC) is more hyperechoic compared with the liver
parenchyma. Arrows indicate clear cortico-medullary differentiation in the right kidney. (¢) Color Doppler US shows a focal
stenosis (arrowhead) in the proximal renal artery. Bright red and blue signals are seen in the poststenotic dilatation
(arrow). (d) Spectral Doppler US shows a high PSV (357 cm/s) in the poststenotic dilatation (arrow). However, a low PSV
(108 cm/s) was measured in the stenotic artery because the frequency shift from the RAS was not sufficient.

3.2. Color Doppler US

Color Doppler US shows mainly blue or red signals in the normal renal artery. The brightness of these signals is increased
in the renal artery. The speed of blood flow increases as RAS becomes severe (Figure 3). These Doppler signals show
mixed bright red and bright blue colors in the poststenotic dilatation because turbulence is created from the back-and-forth
high-speed blood flows out of the stenosis by means of colliding with the lumen of renal artery (Figure 2 and Figure 3).
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Figure 3. RAS-positive renal artery US in a 20-year-old man with negative renal US. (a) Spectral Doppler US does not
show pulsus tardus and parvus pattern in the right kidney even though the size (11 cm) and echogenicity appear normal.
(b) Color Doppler US shows a focal stenosis (arrow) in the proximal right renal artery (RRA), suggesting RAS. (c) Spectral
Doppler US shows a high peak systolic velocity (PSV) (212 cm/s) in the stenotic right renal artery.

Color Doppler US of the kidneys is not an ideal approach for detecting RAS. Renal perfusion can be normal in early stage
RAS (Figure 4) and decreases in intermediate or late-stage RAS. Renal perfusion is an indirect finding suggesting RAS.

Accordingly, it is not adequately sensitive for detecting early stage RAS.
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Figure 4. A high reno-aortic PSV ratio in a 78-year-old man. (a) Spectral Doppler US shows that a PSV is measured 83
cm/s 1-2 cm below the origin of superior mesenteric artery. (b) Spectral Doppler US shows that a PSV is measured 318



cm/s in the poststenotic area, showing turbulence flow. The frequency shift in the proximal left renal artery (arrow) is not
sufficient to precisely quantify. The high-PSV RAR is more than 3.8 (318/83) because the PSV in the RAS should be
higher than that in the poststenotic area.

3.3. Spectral Doppler US

Spectral Doppler US quantitatively measures the velocity of blood flow in the stenotic renal artery. The peak systolic
velocity (PSV) within the stenotic renal artery is frequently more than 180-200 cm/s [Z720121]1221[23] (Fjgyre 2 and
Figure 3). If PSV is more than 180 cm/s, the sensitivity and specificity for RAS range from 85-97% and 72-98%,
respectively [21122124125] |y case of unilateral RAS, PSV is significantly different between the two renal arteries. At this
point, two simple concepts should be kept in mind: first, the normal PSV values in normal renal arteries without stenosis
(about 70-100 cm/s), and, second, angle correction is essential to obtain reproducible and accurate measurements of
PSVs. If the PSV of the renal artery is =3.5-fold that of the aorta (renal-to-aorta ratio (RAR)), it can suggest RAS [28][271(28]
29 (Figure 4). The PSV RAR is another good indicator for identifying RAS. If RAR is 3.5 or greater, the sensitivity and
specificity ranges are 91-92% and 71-95%, respectively [281271[28]

3.4. Contrast-Enhanced US

Compared with CT or MRI contrast material, US contrast material does not harm patients with poor renal function
because it does not influence renal function or induce nephrogenic systemic fibrosis. US contrast material is composed of
microbubbles, which are destroyed with US and excreted from the pulmonary circulation B9, Therefore, it does not
deteriorate renal function in patients with chronic kidney disease. Initially, this US technique was frequently used for
differentiating renal masses BHB32I331B34135] The yse of US contrast is expanding to assess renal microcirculation for the
detection of chronic ischemia [B8IB78I3Y  RAS induces decreased blood flow to the renal cortex, which is more
susceptible to ischemia than the renal medulla. Moreover, high-frame-rate, contrast-enhanced US can show changes in
perfusion parameters, and the shape of the time—intensity curve is useful for assessing cortical perfusion after angio-
intervention 9. Finally, cortex thinning occurs after RAS is persistent. When it is intravenously injected, the renal artery
can be imaged as if it were shown on DSA. Contrast-enhanced US can be called “US angiography” if it is used for
vascular imaging. Accordingly, the renal artery can be hemodynamically assessed with contrast-enhanced US.

| 4. Diagnostic Steps for RAS

Radiologists or sonographers should be familiar with the following steps for detecting RAS: First, they should identify the
left renal vein as the first step in detecting bilateral renal arteries with US (Figure 5). If the right or left renal artery is
detected on the US, it should be carefully evaluated with gray-scale US. When RAS is detected with gray-scale US, color
and spectral Doppler US also should be performed to depict the imaging features of RAS. However, even though RAS is
not identified with gray-scale US, renal arteries must be assessed with color Doppler US to detect RAS. RAS may be
staged earlier when it is negative on gray-scale US, but positive on color or spectral Doppler US. Angioplasty or stenting is
more effective in gray-scale US-negative RAS than in gray-scale US-positive RAS.
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Figure 5. Diagnostic steps for detecting RAS. The flow diagram shows that assessing the renal artery is the first step for
diagnosing RAS with gray-scale US, color or spectral Doppler US, or contrast-enhanced US. Next, renal US should be
performed to assess kidney size and cortical echogenicity. When RAS is indeterminate on renal artery US, kidneys should
be assessed with gray-scale US, color or spectral Doppler US, or contrast-enhanced US. RAS, renal artery stenosis; PSV,
peak systolic velocity; RAR, reno-aortic ratio.

| 5. Conclusions

CT, MRI, and DSA using contrast material are rarely recommended for patients who have poor renal function due to RAS.
Hence, renal artery US is useful as a primary examination for RAS scanning. Radiologists or sonographers can assess
renal arteries once they find the left renal vein behind which the right and left arteries travel. Therefore, RAS can be
determined with various imaging features on gray-scale, color Doppler, spectral Doppler, and contrast-enhanced US. The
direct assessment using renal artery US is more sensitive to detecting RAS compared with assessment by renal US. In
addition, the ongoing development of US scanners has and will provide better hemodynamic information on RAS in
patients who cannot undergo contrast-enhanced CT or MR angiography.
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