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Abstract
Renal artery stenosis (RAS) is the most common underlying medical condition in secondary hypertension among adults, 

representing about 5% of all cases of hypertension. Early diagnosis of RAS is an important clinical objective since interven-
tional therapy may improve or cure hypertension and preserve renal function. Contrast angiography is the currently reference 
standard for the diagnosis of RAS; however, its invasive nature renders it unsuitable for screening purposes. Among screen-
ing tests used for the detection of RAS (computed tomography angiography, magnetic resonance angiography, radionuclide 
scanning), multiple studies have shown that color Doppler ultrasound (CDUS), although highly operator-dependent, can be 
an effective tool in the diagnosis of RAS. CDUS imaging is a simple, safe (noninvasive) and widely available technique; in 
addition, the procedure is painless and well tolerated by patients. In this concrete review we will  underline the established 
color Doppler ultrasound criteria used for the detection of RAS,  highlight their limitations and see how their combination may 
improve the diagnostic accuracy of this method.
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Rezumat
Stenoza arterei renale (RAS) este cea mai importantă cauză medicală de hipertensiune secundară la adulţi, reprezentând 

1-5% din totalitatea cazurilor de hipertensiune. Diagnosticul precoce al RAS este un obiectiv clinic important deoarece terapia 
intervenţională poate ameliora sau chiar trata hipertensiunea păstrând funcţia renală. Angiografia este metoda de referinţă 
standard pentru diagnosticul  RAS; totuşi, natura invazivă a acestei metode o face necorespunzătoare screening-ului. Multiple 
studii au arătat că printre testele screening utilizate în detectarea RAS (angiografia CT, angiografia MR, scaning radionuclear), 
ultrasonografia Doppler color (CDUS) poate fi un instrument efectiv în diagnosticul RAS, în ciuda operator-dependenţei 
ridicate. CDUS este o tehnică imagistică simplă, sigură (neinvazivă) şi cu largă aplicabilitate din punct de vedere tehnic; în 
plus, procedura este nedureroasă şi bine tolerată de către pacient. În prezentul articol vom prezenta criteriile ecografice color 
Doppler folosite în detectarea RAS, vom prezenta limitele lor şi vom analiza cum combinarea lor poate îmbunătăţi acurateţea 
diagnostică a acestei metode.
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Introduction
Renal artery stenosis (RAS) is the most common 

cause of potentially curable secondary hypertension [1]. 
Its prevalence varies, depending on the study sample; it 
accounts for about 5% of all hypertensions and reaches 
up to 30% in populations selected with a clinical ap-
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cular hypertension (RVH) [4]. Less invasive screening 
tools, such as intravenous pyelography and radionuclide 
scans, are abnormal in the majority of patients with RVH, 
but have false positive rates of 11% and 25%, respec-
tively [5,6]. 

Color Doppler ultrasound (CDUS) has been applied 
for RAS evaluation. Although it is highly operator-de-
pendent, it is a noninvasive, suitable for outpatient use, 
low cost and widely available method, which may be 
used as an alternative first line screening tool for RAS. 
Two methods are used in CDUS evaluation of RAS: a 
direct and an indirect approach. A combination of these 
methods is recommended to optimize results [7]. We will 
present a concrete review of the CDUS parameters cur-
rently used for establishing RAS (fig 1-7).

proach [2]. Atherosclerosis in older patients and fibro-
muscular dysplasia (FMD) in younger patients accounts 
for approximately 90% of the cases of RAS, with an in-
creasing frequency because of demographic changes in 
population development.

The gold standard technique for RAS diagnosis is se-
lective arteriography; however, it remains unsuitable for 
RAS screening because it is an invasive and expensive 
method [3]. Magnetic resonance angiography (MRA) and 
computed tomography angiography (CTA) are promising 
alternative techniques, which are also expensive and not 
widely available; moreover, these methods only provide 
anatomical information about RAS and cannot document 
whether a stenosis is severe enough to cause a pressure 
gradient, trigger renin release and subsequent renovas-

Fig 1. Color flow US image in an asymptomatic 45 years old 
male demonstrates a normal left renal artery.    

Fig 3. Color flow US image at the middle segment of left renal 
artery, translumbar approach, in a 54 year old man, shows lu-
men constriction and aliasing, findings that indicate increased 
PSV a high grade stenosis. 

Fig 2. Color flow Doppler sonography in the left renal artery of 
a 38 years old female patient, shows strong blood flow in the 
vessel without any local acceleration.    

Fig 4. The same patient as in fig 3. Doppler frequency spectrum 
documents high systolic flow velocity of 213cm/sec in the jet 
of high grade stenosis of middle segment of left renal artery. 
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Color Doppler ultrasound criteria for RAS

Gray scale ultrasound (B-mode) exam begins with 
imaging of both kidneys. Each kidney’s length is meas-
ured and compared to the contralateral one. A length dif-
ference > 2cm is suggestive of RAS on the side of smaller 
kidney. The renal parenchyma is also evaluated in terms 
of thickness (>1cm) and echogenicity (equal or slightly 
less than the normal liver parenchyma). 

Direct parameters’ evaluation includes the entire 
length of the main renal artery, including any accessory 
renal arteries. Using CDUS with proper technique (angle 

Fig 5. Doppler frequency spectrum in a 46 years old female 
patient suffering of hypertension shows a disturbed and accel-
erated systolic flow velocity of 243cm/sec that indicate a high 
grade stenosis of proximal segment of right renal artery.

Fig 6. CDUS in a 52 years old male patient demonstrate high 
systolic flow velocity of 216cm/sec in the jet of high grade ste-
nosis at the ostium of the right renal artery.

Fig 7. Doppler frequency spectrum in a 40 years old male pa-
tient with high grade stenosis of the proximal segment of left 
renal artery documents high systolic and diastolic flow veloci-
ties of 255cm/sec and 98,9cm/sec respectively.

adaptation <60°, a 2-3 MHz Doppler frequency, increase 
the  system pulse repetition frequency (PRF) whenever 
aliasing is encountered, updating the image after probe 
manipulation) we measure the following parameters: a) 
highest peak systolic (PSV), b) end-diastolic velocity 
(EDV) in the renal trunk, c) the velocity of abdominal 
aorta at the level of renal arteries in order to calculate 
the renal/aortic ratio (RAR) and d) the renal/renal ratio 
(RRR): the rate between PSV at the proximal or mid seg-
ment of the renal artery and PSV measured at the distal 
segment of the renal artery, proposed by Chain et al [8].  

The indirect evaluation for renal artery stenosis adds 
another layer of information to that already obtained 
from the direct method. Normal intrarenal segmental and 
interlobar arteries display an early systolic peak (ESP) 
at the beginning of systole and is best seen at Doppler 
angles 0-30º and Doppler frequencies of ≥3 MHz. The 
ESP is absent in case of >60% stenosis of the main re-
nal artery. It is necessary to obtain Doppler samplings at 
the upper, mid and lower pole of the kidney; otherwise, 
RVH due to stenosis of an accessory renal artery could 
be missed. A significant RAS, delays the systolic rise 
in arteries immediately distal to it, resulting in a wave-
form termed “tardus parvus”. Bilateral “tardus parvus” 
waveforms could potentially be the result of a proximal 
stenosis in the aorta or aortic aneurysm rather than bi-
lateral RAS. Other limitations associated with indirect 
evaluation for RAS include the inability to differentiate 
between severe stenosis and occlusion of the main renal 
artery. Collateral flow to the kidney in renal artery occlu-
sion can produce an intrarenal Doppler presentation simi-
lar to that seen with severe RAS. We should keep in mind 
that it takes an even greater amount of stenosis before 
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the acceleration time becomes abnormal and a “tardus 
parvus” waveform develops.

The indirect parameters measured by Doppler wave 
curves from intrarenal segmental arteries are a) intrarenal 
resistance index (RI= PSV - EDV: PSV) and b) the accel-
eration time (AT). The RI value is calculated as the mean 
value of at least three measurements obtained at different 
areas in the renal parenchyma; this index should not be 
taken into account in patients with arrhythmias, Distal to 
a relevant stenosis the increase of systolic flow velocity 
to peak velocity is delayed; this time interval is called ac-
celeration time or time-to-maximum systole. The normal 
value of AT is defined as 0.07 sec. Every increase in the 
AT is suspicious for a severe proximal stenosis.

Evaluation of direct CDUS-RAS parameters
A PSV >200 cm/sec with the presence of post-sten-

otic turbulence is the most frequently used parameter in 
determining relevant RAS (>60% in renal arteriography) 
and has a relatively high sensitivity (71-98%) and spe-
cificity (62-98%) [7]. An EDV >150 cm/sec has been 
reported to be associated with significant RAS (> 80%) 
if there is no underlying kidney structural disease (RI 
<0.7). In patients with a RI >0.7, EDV was not elevated 
>150 cm/sec even in the presence of significant stenosis 
[9]. Zeller et al correlated a RAR >3.5 (side-to-side RI 
difference ≤0.05) with an angiographic 70% RAS. This 
study reported that RAR is an index with high sensitivity 
(100%) and relatively low specificity (6%), attributed to 
the fact that this parameter was initially defined to de-
tect less significant RAS [10]. RAR is not reliable in the 
presence of an aortic aneurysm and an aortic peak flow 
velocity greater than 40 cm/sec. Finally, a RAR >2.7 is 
suggestive of RAS >50% with comparably high sensitiv-
ity and specificity to the ones of PSV [8]. 

Evaluation of indirect CDUS-RAS parameters
A side-to-side difference of the RI of >0.05 for the de-

tection of at least 70% RAS has a specificity of 99% and 
a sensitivity of 77% [10]. Of note is that the absolute val-
ue of the RI is of no relevance in terms of detecting RAS. 
The RI increases physiologically with age, in bradycar-
dia, and pathologically increased in aortic valve insuffi-
ciency and any type of parenchymal renal disease such as 
diabetic kidney disease, hypertensive kidney disease, and 
other tubulo-interstitial kidney diseases [11,12]. Motew 
et al evaluated the correlation of an AT with a threshold 
of 100 ms and an angiographic >60% RAS. The sensitiv-
ity was only 32%, however, the specificity 100% [13]. 

Evaluation of combined direct and indirect CDUS-
RAS parameters

The combination of a PSV >200 cm/sec and the side-
to-side difference in RI has been reported to detect a 
>70% RAS with a sensitivity of 89% and a specificity of 

92% [14]. Another study showed that the combination of 
the RAR >3.5 with the side to- side difference of the RI 
can detect a ≥70% RAS, with high specificity (97%) and 
a relatively low sensitivity (76%), which was explained 
by the fact that about ¼ of the study sample had bilateral 
severe RAS affecting negatively the predictive value of 
the side-to-side difference of the RI, since the RI was de-
creased in both kidneys [10]. Finally, Mollo et al reported 
a sensitivity and specificity of a combined use of an el-
evated PSV and extended AT in detecting severe RAS of 
75 and 100%, respectively [15]. 

Conclusion

It is absolutely mandatory to use strict color Doppler 
criteria in diagnosing a severe RAS. The most reliable 
approach to detect severe RAS is the combined use of a 
direct parameter  such as a PSV >200 cm/sec or the RAR 
>3.5 and an indirect parameter, most likely the side-to-
side difference of the RI. Based on the previous evidence 
Zeller et al proposed an algorithm of how to use CDUS 
for the detection of severe RAS [7]. First, measure PSV 
at the origin of renal artery and abdominal aorta velocity 
at the same level. If PSV is >200 cm/sec or RAR >3.5, 
the diagnosis of RAS is obvious. In the case of unilat-
eral stenosis, the measurement of RI provides evidence 
regarding its severity; if the dRI is >0.05, the stenosis 
is relevant and a revascularization should be considered. 
If the dRI is <0.05, the patient should be followed-up 
every 6 months, because of the risk of progression. As 
mentioned above, in the case of bilateral RAS, the dRI 
is a non-reliable diagnostic tool in detecting severe RAS. 
Additionally, AT should be measured; if AT is >0.07 sec-
onds, stenosis is relevant and should be considered for 
percutaneous revascularization; otherwise, serial follow-
up visits are indicated.
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