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Abstract
Renovascular disease, especially atherosclerotic renal artery
stenosis (ARAS) in older subjects, is commonly encoun-
tered in clinical practice. This is at least in part due to the
major advances in non-invasive imaging techniques that
allow greater diagnostic sensitivity and accuracy than ever
before. Despite increased awareness of ARAS, renal revas-
cularization is less commonly performed, likely as a result
of several prospective, randomized, clinical trials which
fail to demonstrate major benefits of renal revascularization
beyond medical therapy alone. Primary care physicians are
less likely to investigate renovascular disease and nephrolo-
gists likely see more patients after a period of unsuccessful
medical therapy with more advanced ARAS. The goal of
this review is to revisit current diagnostic and therapeutic
paradigms in order to characterize more clearly which
patients will likely benefit from further evaluation and in-
tensive treatment of renal artery stenosis.

Keywords: chronic kidney disease; hypertension; imaging; renal artery
stenosis

Introduction

The landscape of clinical renovascular disease (RVD) has
shifted dramatically over the last decade. Major advances
in non-invasive vascular imaging allow more frequent de-
tection and precise diagnostic assessment than ever
before. In the past, it was often considered automatic to
propose revascularization for individuals with high-grade
RVD [1]. However, results from several prospective, ran-
domized clinical trials comparing current medical therapy
with or without renal revascularization largely favor a
conservative approach for patients with moderate vascular
disease [2, 3]. Indeed, many patients have moderate, but
radiologically evident, disease that remains clinically
silent. On the other hand, experienced clinicians recog-
nize that important subsets of patients with significant
atherosclerotic renal artery stenosis (ARAS), refractory
hypertension and progressive vascular injury may benefit
enormously from renal revascularization. How to identify

© The Author 2012. Published by Oxford University Press on behalf of ERA-EDTA. All rights reserved.
For Permissions, please e-mail: journals.permissions@oup.com

Nephrol Dial Transplant (2012): Editorial Review 2657



and select these patients optimally, however, remains chal-
lenging. The goal of this review is therefore to delineate
this topic further and to characterize more clearly those
patients with hypertension who likely will benefit from
further diagnostic evaluation of renal artery stenosis. Our
overall premise is that clinical evaluation of ARAS is a
two-step process: (i) clinical determination that medical
therapy alone is insufficient and that further studies with
the intention of restoring the renal blood flow are war-
ranted and (ii) establishing that hemodynamically signifi-
cant ARAS is present and treatable.

Clinical criteria for pursuing the initial diagnosis
of renovascular disease

Several clinical features raise the suspicion for RVD
(Table 1) and should prompt further consideration [4].
These features include an early onset of hypertension
below the age of 30 with a negative family history, late
onset (above age 55) or accelerated and especially severe
or resistant hypertension. Additional clinical features
include asymmetric kidneys with >1.5 cm of difference in
the size and/or otherwise unexplained loss of kidney func-
tion. More specific clinical findings are acute elevation of
serum creatinine (>30% above pre-treatment levels) after
initiation of renin–angiotensin system inhibitor. Realisti-
cally defining these features requires a willingness to
advance antihypertensive drug therapy, evaluate medi-
cation adherence and clinical response over a period of
time, sometimes for months. If acceptable blood pressure
control can be achieved with an easily tolerated drug
regimen and renal function remains stable, many would
argue that little is to be gained by undertaking further
expensive and occasionally hazardous imaging and vascu-
lar intervention [5, 6]. Conversely, if successful blood
pressure control remains hard to achieve despite careful
buildup of drug therapy, both patient and physician can
better accept the potential benefits of identifying revers-
ible components underlying elevated systemic pressures.

An important additional constellation of conditions
characterized by recurrent, refractory congestive heart
failure, sudden ‘flash’ pulmonary edema or unstable
angina as a result of rapidly rising arterial pressure rather
than a true acute coronary syndrome have been designated
as the ‘cardiorenal’ syndromes. Symptoms of rapidly de-
veloping pulmonary edema reflect defective natriuresis
often associated with bilateral RVD, magnified by diastolic

dysfunction of the left ventricle associated with a rapid
rise in blood pressure and failure of the pulmonary capil-
lary blood-gas exchange barrier as reviewed recently [7].
Regardless of the specific clinical context, extending

the work-up to further imaging and other diagnostic pro-
cedures implies sufficient clinical commitment to adjust
therapy based on the results. We believe it to be prudent
to emphasize this to the patient and all concerned
beforehand.

Diagnostic criteria for RVD: Doppler, computed
tomography angiography and magnetic
resonance angiography

Advanced non-invasive imaging modalities have become
focal points in the evaluation of ARAS [8, 9]. The choice
of initial imaging depends both on patient characteristics,
local availability and expertise. Computed tomography
angiography (CTA) and magnetic resonance angiography
(MRA) are more costly compared with Doppler ultra-
sound and usually require contrast exposure. However,
none of these tests completely excludes the disease if
negative, and they are most informative for clinical pur-
poses when the results are positive in a population at high
risk for disease. In some instances, further CT or MR
studies may be warranted after a Doppler study to better
define vascular anatomy, renal functional characteristics
and anomalies before proceeding with intra-arterial angio-
graphy. Defining the specific goals of diagnostic imaging
in advance will increase the value of these procedures
[10]. In some cases, the primary goal may be simply to
identify if high-grade stenosis is present at all. In others,
it may be used to determine whether lesions are bilateral,
affect all vessels and/or are in location suitable for either
endovascular or surgical repair. The value and sequence
of imaging may vary depending upon the specific goals
for each patient. If clinical suspicion for severe ARAS is
high and non-invasive tests remain inconclusive, catheter
angiography may be performed, although this procedure
now is typically reserved for patients considered candi-
dates for endovascular intervention at the same session.
Duplex Doppler renal ultrasonography is an excellent

initial imaging tool and can provide both functional and
structural assessment [11]. Because of its limited expense,
ultrasound can be used to follow patients serially and to
evaluate vascular patency after revascularization. The
peak systolic velocity (PSV) has the highest performance
characteristics and reaches a sensitivity of 85% and a
specificity of 92% for the diagnosis of ARAS [12]. The
limitations of this technique hinge upon its dependence
upon operator skills and patient body habitus, leading to
reported accuracy estimates that range from 60 to >90%
[9]. The resistive index (RI) is determined from segmental
arterial flow characteristics. The RI is defined as height of
the peak systolic velocity (PSV) minus height of the end-
diastolic velocity (EDV) divided by the PSV [RI =
(PSV – EDV)/PSV] and thus reflects the status of the flow
characteristics in the renal microcirculation beyond the
main renal arteries. An elevated RI indicates limited

Table 1. Adapted from 2005 ACC/AHA practice guidelines

Clinical findings associated with renovascular disease
Onset hypertension before age of 30 years old
Accelerated, resistant, malignant hypertension
Deterioration of renal function in response to angiotensin-converting
enzyme inhibitors or angiotensin-receptor blocker
New onset of hypertension after 50 years of age (suggestive of
atherosclerotic renal artery stenosis)
Asymmetric kidneys with more than 1.5 cm of difference in the size and
otherwise unexplained loss of kidney function
Sudden unexplained pulmonary edema
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diastolic flow and may reflect intrinsic parenchymal or
small-vessel disease. In conjunction with clinical findings,
RI has been promoted as a useful parameter to predict
benefit after revascularization [13, 14]. Radermacher et al.
[13, 15, 16] report that patients with RI >0.8 before an-
gioplasty have worse renal outcomes compared with
those with an RI <0.8. Zeller et al. [16] evaluated a
cohort of 241 patients treated with endovascular stent-
ing with severe ARAS (>70%) and found that 39 of
the 241 patients had RI >0.8 and nonetheless did have
clinical improvement of blood pressure and renal func-
tion at 6 months after revascularization. In contrast,
Garcia-Criado et al. [15] report similar renal outcomes
for patients with RI >0.8 and those with RI <0.8 in a
cohort of 36 revascularized patients (Table 2). Hence,
reliance upon RI as a predictive parameter for ARAS
management remains controversial. Our interpretation of
these studies is that lower RI likely is associated with
more preserved renal flow characteristics and better
kidney function overall, but should not determine the
final decision for revascularization.

What constitutes ‘significant’ renal arterial disease?

The answer to this question depends more upon the he-
modynamic consequences of a lesion than its anatomic
appearance. Traditionally, ‘significant’ stenosis has been
defined by an approximate renal artery cross-sectional oc-
clusion of at least 50% [17]. However, studies using latex
casts to characterize luminal occlusion fail to detect mea-
surable pressure or flow changes at levels <60% and indi-
cate that the threshold for hemodynamic effects develops
between 75 and 85% of luminal occlusion [18]. Doppler
studies indicate that a luminal stenosis of 60% is associ-
ated with PSV of 200 cm/s [19]. Many clinical reports
suggest that non-invasive estimates of stenosis often exag-
gerate the degree of occlusion. A substantial number of
patients enrolled in the STAR trial assigned to renal artery
stenting, for example, were not treated because actual ste-
noses at the time of angiography were trivial [2]. As a
corollary, recent studies evaluating duplex velocities with
quantitative angiography suggest that 60% stenoses are
better detected with velocities >300 cm/s [20]. Our own
studies utilizing blood oxygen level-dependent (BOLD)

MR to identify cortical hypoxia in severe renal arterial
disease suggest that velocities >385 cm/s are more com-
monly associated with renal hypoxia [21].
Activation of renal pressor systems, most notably the

renin–angiotensin–aldosterone system (RAAS) depends
on sufficient lumen reduction to reduce post-stenotic renal
perfusion pressure. Studies in humans using expanded
balloon occlusion show that renin release does not occur
until the pressure distal to the lesion falls at least by 10–
20% below the pressure proximal to the lesion [22]. This
corresponds to translesional peak systolic gradients of 20–
25 mmHg and degrees of luminal stenoses of 70–80%
[23]. These data are consistent with hyperemic studies
using dopamine to induced translesional mean pressure
gradients. These results indicate that gradients >20 mmHg
independently predict improvement of hypertension after
revascularization [24].
Advances in imaging technology favor expanded use of

spiral multidetector CT angiography and MRA as valid
methods to visualize ARAS [25]. Compared with catheter-
based renal angiography, these modalities are less inva-
sive, allow multi-planar imaging of the arteries and soft
tissue and are suitable for complex reconstruction analysis
[26]. CTA and MRA are of comparable accuracy, reaching
sensitivity and specificity >90% in a number of single-
center studies compared with catheter angiography [25].
Leung et al. [27] used breath-hold contrast enhanced
MRA in 96 renovascular patients without fibromuscular
dysplasia (FMD) and found that MRA had a sensitivity of
97% and negative predictive value of 98% for the detec-
tion of renal artery stenoses of at least 60%. Eklof et al.
[28] and Rountas et al. [29] also compared accuracy of
CTA and MRA to catheter angiography in 58 renovascular
patients, showing sensitivity >90% for both modalities.
However, specificity was lower (62%) in Eklof’s study.
The authors relate the discrepancy in the results to border-
line lesions (Table 3). Even though CTA offers better
spatial resolution currently, MRA has the advantage of
avoiding radiation. The main limitations of these imaging
studies include the risk of contrast nephropathy with CTA
and concerns regarding the potential for nephrogenic sys-
temic fibrosis in patients with significant renal insuffi-
ciency [glomerular filtration rate (GFR) <30 mL/min/1.73
m2] receiving gadolinium with MRA [30].

Table 2. Blood pressure and renal function response after revascularization based on resistive index by duplex ultrasound

Reference Definition of outcome RI BP outcome RF outcome

Santos et al. [14] No benefit (NB), improvement (I) or cure (C) of BP >0.8 5% improvement No difference of RF
in either group<0.8 70% improvement

2.5% cure
Radermacher et al. [13] Mean arterial BP: ↓ by 10% after RV >0.8 3% improvement 80% RF worsening

RF: worsening of CrCl by 10% after RV <0.8 94% improvement 3% RF worsening
Zeller et al. [16] Mean arterial BP: ↓ by 5 mmHg after RV >0.8 Improvement of BP is

similar in all groups
Improvement of Scr is
similar in all groupsRF:↓ Scr by 10% at 6 months after RV 0.7–0.8

<0.8
Garcia-Criado et al. [15] Diastolic BP: ↓ by 15% after RV >0.8 50% improvement 29% improvement

RF:↓ Scr by 20% after RV <0.8 85% improvement 45% improvement

RI, resistive index; %, percentage; BP, blood pressure; mmHg, millimeters of mercury; RF, renal function; RV, revascularization; Scr, serum
creatinine; ↓, decrease; CrCL, creatinine clearance.
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Should clinicians use functional tests for
renovascular disease?

Using captopril, radionucleotide renography has been
used to evaluate RVD. Diethylenetriaminepentaacetic acid
and mercapto-acetyltriglycine (MAG 3) are the most com-
monly employed radionucleotides with the latter being
more reliable in renal insufficiency, since MAG3 is
secreted effectively by the proximal tubule [31].The cri-
teria for RVD include (i) a decrease in the percentage of
uptake of the isotope by the affected kidney to <40% of
the total, (ii) delayed time to peak uptake of the isotope to
>10–11 min, well above the normal value of 6 min and
(iii) delayed excretion of the isotope with retention at 25
min or >20%. The addition of captopril and comparison
with a baseline (non-captopril) renogram allow estimation
of the functional role of angiotensin in maintaining glo-
merular filtration and exaggerates hemodynamic differ-
ences between a kidney with stenosis and one without. In
a selected population of patients with known ARAS, re-
nograms before and after captopril are highly sensitive
(83%) and specific (93%) in detecting unilateral renal
artery stenosis in patients with normal renal function and
>70% stenosis [32]. However, this test does not dis-
tinguish reliably unilateral and bilateral ARAS. Among
patients with bilateral disease, asymmetry was identified
in the more severely affected kidney, but the presence or
absence of stenosis in the contralateral kidney could not
be reliably identified [33]. Most importantly, renogram
sensitivity and specificity decrease with decline of renal
function, especially for patients who have serum creati-
nine levels >2 mg/dL. As summarized in a recent meta-
analysis, renogram sensitivity ranges from 58 to 95% and
its specificity ranges from 17 to 100%, even when studies
were performed in selected patients who had an interven-
tion based on positive results on angiography [25]. The
role of renography in the current era may be primarily to
evaluate the relative function of each kidney prior to pro-
ceeding with therapeutic nephrectomy.

Pressor systems in renovascular hypertension:
plasma renin activity

Renovascular occlusive disease, regardless of the cause,
activates multiple pressor systems, most notably the
RAAS. Experimental models using the 2- or 1-kidney-1-
clip hypertension are among the most extensively studied

secondary forms of hypertension and remain a prototype
of ‘angiotensin-dependent’ hypertension [34]. Initial acti-
vation of the RAAS is necessary for these models, but is
often transient. Later in the course of these disorders
additional pathways are recruited which include oxidative
stress injury, sympathoadrenergic activation and impaired
vasodilatation [35]. Not surprisingly, numerous studies
have attempted to utilize measurements of the plasma
renin activity (PRA) to identify renovascular hypertension
and to predict blood pressure response to renal revascular-
ization. Peripheral PRA has been disappointing in clinical
use. It is not sensitive enough under routine conditions to
reliably diagnose renovascular hypertension. It is elevated
in only half of the patients and is variably affected
by ethnicity, age, medications, volume status and other
variables [36].
PRA measurements performed from renal venous

sampling have been widely used to plan surgical renal re-
vascularization in the past and have a better positive pre-
dictive value for the response to therapy [37]. Indeed, a
ratio of renal vein renin levels >1.5 has a predictive posi-
tive value for blood pressure improvement up to 92% in
some studies [38]. Some authors propose that a ‘net con-
tribution’ of PRA from the stenotic kidney (defined as
100 * [(renal vein PRA− infrarenal vena cava (IVC)
PRA)/IVC PRA]) >24% indicates excessive production of
renin and levels >48% meet Vaughan criteria for curabil-
ity in patients with unilateral disease [39, 40]. Conditions
for testing are critical; however, the degree of lateraliza-
tion is sensitive to volume status, concurrent medications
and arterial pressure levels. An additional limitation of
renal vein measurements is the invasive nature of the pro-
cedure. Although widely used to identify candidates for
surgical revascularization, use of renal vein renin
measurements fell off during the era of expanding endo-
vascular angioplasty and stenting. In view of ambiguous
results from recent endovascular trials, some may argue
that careful patient selection may benefit from revisiting
this diagnostic approach.

Estimating the benefits of revascularization:
when is it too late?

Although catheter-based techniques have improved and
complication rates have decreased over the past two
decades, the clinical benefits of renal revascularization
remain unclear. Two trials examining the role of

Table 3. Sensitivity and specificity of CTA and MRA on diagnosis renal artery stenosis

Reference Modality Year No. of patients Stenosis (%) Sensitivity (%) Specificity (%)

Leung et al. [27] MRA 1999 89 60 97 85
Eklof et al. [28] CTA 2006 58 50 94 62

MRA 93 91
Rountas et al. [29] CTA 2007 58 50–99 94 93

MRA 90 94

CTA, computed tomography angiography; MRA, magnetic resonance angiography; %, percentage.
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revascularization to slow progression of kidney disease in
ARAS identify no added benefit from endovascular stent-
ing. Recent studies of renal adaptation to ARAS provide
one possible explanation by demonstrating remarkable
preservation of oxygenation despite substantial reductions
in the blood flow and GFR in post-stenotic kidneys. Glo-
viczki et al. [41] demonstrated that stenotic kidneys of
patients with unilateral RVD have reduced the blood flow
and GFR compared with patients with essential hyperten-
sion. Tissue oxygenation as defined by R2* values (a
measure of deoxyhemoglobin) using BOLD MR are pre-
served in cortical and medullary regions for most of these
patients despite of the presence of high-grade lesions
(mean 71%) [42]. These data argue that ‘adaptation’ of
the post-stenotic kidney allows a reduction in GFR
without worsening overt tissue hypoxia. Hence, many
ARAS patients tolerate antihypertensive drug therapy
with reduced kidney function without necessarily being
subjected to further tissue injury. These observations are
fully consistent with the observations of reasonably stable
renal function for many patients treated medically in pre-
vious series and in the prospective trials [2, 3, 43]. Opti-
mizing antihypertensive drug therapy before deciding
upon the need for further evaluation usually poses little
hazard over the short term (Figure 1).

It is equally clear, however, that high-grade RVD ulti-
mately reaches a limit to these ‘adaptive’ mechanisms.
Analysis of tissue oxygenation using BOLD MR for

kidneys with more severe renovascular stenosis (mean
77%), defined by Doppler velocities >385 cm/s and ad-
vancing loss of GFR, did identify loss of tissue perfusion
and cortical oxygenation compared with a less severe
RVD (higher cortical R2* level, i.e. 22 versus 16) [42].
Biopsy samples from advanced disease demonstrate pro-
gressive accumulation of inflammatory cells and intersti-
tial fibrosis [44]. AT1 receptor activation of T cells is
capable of activating sympathoadrenergic and chemokine
pathways leading to vasoconstriction and inflammation
[45]. Murine 2-kidney-1-clip hypertension models are
characterized by stimulation of TGF-β and recruitment of
other inflammatory cells as a consequence of the kidney
injury [46]. Studies in a swine model indicate that the
‘atherosclerotic milieu’ itself further modifies vascular re-
activity and accelerates rarefaction of renal microvessels
[47]. The atherosclerotic environment and age associated
with ARAS may explain part of the relative infrequency
of tissue injury in subjects with FMD when compared
with atherosclerotic disease [35]. These data underscore
the need for preservation of the renal microcirculation.
Important predictors of the functional renal outcome in
clinical ARAS are the degree of histopathological damage
and the time of duration of RVD [48]. Taken together, ne-
phrologists must recognize that reduced renal perfusion
ultimately can reach a point beyond which the kidney
suffers tissue injury, which may be irreversible. These
considerations underscore the urgent need for better tools

Fig. 1. CT angiography and blood oxygen level-dependent (BOLD) MR: (A and C) CT angiograms depicting unilateral moderate (A) and severe (B)
atherosclerotic renal artery stenosis affecting the left kidney in each case. Both were treated with antihypertensive drug therapy including ACE/ARB
inhibition before evaluation. In case (A), BOLD imaging in an axial cross-sectional image at 3 T demonstrates low levels of deoxyhemoglobin in the
cortex (blue areas) with a normal gradient to higher levels of deoxyhemoglobin (yellow-red zones in the medulla). In this patient, reduction in the
blood flow does not produce overt hypoxia in the kidney itself (see text.). In contrast, the individual in Panel (C) has more severe and advanced
vascular occlusion to the smaller kidney associated with evident cortical hypoxia (green zone in the cortex) and widening fraction of the medulla
with overt hypoxia (red zone). These measurements allow the identification of kidney tissue for which ARAS poses little risk of progressive renal
injury (A and B) when compared with a kidney with advancing occlusive injury, hypoxia and ischemic nephropathy (C and D).
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to identify kidneys at risk for injury that may benefit from
revascularization and other reparative procedures.

When to rely on medical therapy—and
when not to

Intensive management of atherosclerotic disease remains
a cornerstone for treating all patients with ARAS, both
before and after revascularization. Objectives in the man-
agement of RVD include optimizing blood pressure
control, preservation of renal function and prevention of
complications such as recurrent flash pulmonary edema.
Beyond lifestyle modification and antihypertensive drug
therapy, blockade of the RAAS is important for those
who are able to tolerate it. Both clinical series and Cana-
dian pharmacy registration data indicate that the use of
ACE inhibitors or ARBs offers survival advantages for
patients with ARAS [49]. Up-regulation of angiotensin II
has been linked to inflammation and oxidative stress [50].
Furthermore, beta-blockade often is recommended in this
population due to the increased cardiovascular risk. Statin
therapy is also important based on concomitant cardiovas-
cular disease and may slow rates of deterioration of renal
function [51, 52].

It should be self-evident that failure to achieve adequate
blood pressure control and/or stable kidney function should
prompt re-examination of this issue. Specific outcomes and
hazards associated with renal revascularization are beyond
the scope of this review. Nonetheless, successful revascular-
ization of pressor kidneys undoubtedly lowers antihyperten-
sive drug requirements [53]. Previous studies indicate that a
short duration of renovascular hypertension is among the
strongest predictors of clinical benefit of renovascular inter-
vention [35]. However, a recent meta-analysis could ident-
ify no specific clinical characteristic that reliably predicts
the renal functional outcome. The best clinical predictor
was larger diastolic blood pressure (DBP) reduction in
patients with high pretreatment DBP [54].

One predictable result of recent negative trials
(ASTRAL, STAR) is that primary physicians are less
likely to pursue the diagnosis of ARAS. We are already
seeing patients that have been managed medically now
presenting with more advanced ARAS than before. More
than ever, we believe that the role of the nephrologist
necessarily will focus on recognizing patients with ARAS
in time to both evaluate their severity and to identify those
patients who may benefit from vascular intervention.

Acknowledgement. The project described was supported by Award
Number PO1HL85307 from the National Heart, Lung and Blood Insti-
tute and NIH/NCRR CTSA Grant Number UL1 RR024150. The content
is solely the responsibility of the authors and does not necessarily rep-
resent the official views of the National Heart, Lung, and Blood Institute
or the National Institutes of Health.

References

1. Bell GM, Reid J, Buist TA. Percutaneous transluminal angioplasty
improves blood pressure and renal function in renovascular hyperten-
sion. Q J Med 1987; 63: 393–403.

2. Bax L, Woittiez AJ, Kouwenberg HJ et al. Stent placement in patients
with atherosclerotic renal artery stenosis and impaired renal function:
a randomized trial. Ann Int Med 2009; 150: 840–848, W150–1.

3. Wheatley K, Ives N, Gray R et al. Revascularization versus medical
therapy for renal-artery stenosis. N Engl J Med 2009; 361:
1953–1962.

4. Hirsch AT, Haskal ZJ, Hertzer NR et al. ACC/AHA 2005 Practice
Guidelines for the management of patients with peripheral arterial
disease (lower extremity, renal, mesenteric, and abdominal aortic): a
collaborative report from the American Association for Vascular
Surgery/Society for Vascular Surgery, Society for Cardiovascular An-
giography and Interventions, Society for Vascular Medicine and
Biology, Society of Interventional Radiology, and the ACC/AHA
Task Force on Practice Guidelines (Writing Committee to Develop
Guidelines for the Management of Patients With Peripheral Arterial
Disease): endorsed by the American Association of Cardiovascular
and Pulmonary Rehabilitation; National Heart, Lung, and Blood Insti-
tute; Society for Vascular Nursing; TransAtlantic Inter-Society Con-
sensus; and Vascular Disease Foundation. Circulation 2006; 113:
e463–e654.

5. Meier P. Atherosclerotic renal artery stenosis: update on management
strategies. Curr Opin Cardiol 2011; 26: 463–471.

6. Plouin PF. Stable patients with atherosclerotic renal artery stenosis
should be treated first with medical management. Am J Kidney Dis
2003; 42: 851–857.

7. Messerli FH, Bangalore S, Makani H et al. Flash pulmonary oedema
and bilateral renal artery stenosis: the Pickering syndrome. Eur Heart
J 2011; 32: 2231–2235.

8. Baumgartner I, Lerman LO. Renovascular hypertension: screening
and modern management. Eur Heart J 2011; 32: 1590–1598.

9. Zhang HL, Sos TA, Winchester PA et al. Renal artery stenosis:
imaging options, pitfalls, and concerns. Prog Cardiovasc Dis 2009;
52: 209–219.

10. Textor SC. Pitfalls in imaging for renal artery stenosis. Ann Intern
Med 2004; 141: 730–731.

11. Spyridopoulos TN, Kaziani K, Balanika AP et al. Ultrasound as a
first line screening tool for the detection of renal artery stenosis: a
comprehensive review. Med Ultrason 2010; 12: 228–232.

12. Williams GJ, Macaskill P, Chan SF et al. Comparative accuracy of
renal duplex sonographic parameters in the diagnosis of renal artery
stenosis: paired and unpaired analysis. AJR Am J Roentgenol 2007;
188: 798–811.

13. Radermacher J, Chavan A, Bleck J et al. Use of Doppler ultrasono-
graphy to predict the outcome of therapy for renal-artery stenosis. N
Engl J Med 2001; 344: 410–417.

14. Santos SN, Leite LR, Tse TS et al. Renal resistance index predicting
outcome of renal revascularization for renovascular hypertension.
Arq Bras Cardiol 2010; 94: 452–456.

15. Garcia-Criado A, Gilabert R, Nicolau C et al. Value of Doppler so-
nography for predicting clinical outcome after renal artery revascu-
larization in atherosclerotic renal artery stenosis. J Ultrasound Med
2005; 24: 1641–1647.

16. Zeller T, Muller C, Frank U et al. Stent angioplasty of severe
atherosclerotic ostial renal artery stenosis in patients with diabetes
mellitus and nephrosclerosis. Catheter Cardiovasc Interv 2003; 58:
510–515.

17. Rundback JH, Sacks D, Kent KC et al. Guidelines for the reporting
of renal artery revascularization in clinical trials. J Vasc Interv
Radiol 2002; 13: 959–974.

18. May AG, De Weese JA, Rob CG. Hemodynamic effects of arterial
stenosis. Surgery 1963; 53: 513–524.

19. Zeller T, Bonvini RF, Sixt S. Color-coded duplex ultrasound for
diagnosis of renal artery stenosis and as follow-up examination
after revascularization. Catheter Cardiovasc Interv 2008; 71:
995–999.

20. Chi YW, White CJ, Thornton S et al. Ultrasound velocity criteria for
renal in-stent restenosis. J Vasc Surg 2009; 50: 119–123.

21. Gloviczki ML, Lerman LO, Textor SC. Blood oxygen level-depen-
dent (BOLD) MRI in renovascular hypertension. Curr Hypertens
Rep 2011; 13: 370–377.

2662 Nephrol Dial Transplant (2012): Editorial Review



22. De Bruyne B, Manoharan G, Pijls NH et al. Assessment of renal
artery stenosis severity by pressure gradient measurements. J Am
Coll Cardiol 2006; 48: 1851–1855.

23. Drieghe B, Madaric J, Sarno G et al. Assessment of renal artery
stenosis: side-by-side comparison of angiography and duplex ultra-
sound with pressure gradient measurements. Eur Heart J 2008; 29:
517–524.

24. Mangiacapra F, Trana C, Sarno G et al. Translesional pressure gradi-
ents to predict blood pressure response after renal artery stenting in
patients with renovascular hypertension. Circ Cardiovasc Interv
2010; 3: 537–542.

25. Vasbinder GB, Nelemans PJ, Kessels AG et al. Diagnostic tests for
renal artery stenosis in patients suspected of having renovascular hy-
pertension: a meta-analysis. Ann Intern Med 2001; 135: 401–411.

26. Leiner T, de Haan MW, Nelemans PJ et al. Contemporary imaging
techniques for the diagnosis of renal artery stenosis. Eur Radiol
2005; 15: 2219–2229.

27. Leung DA, Hoffmann U, Pfammatter T et al. Magnetic resonance
angiography versus duplex sonography for diagnosing renovascular
disease. Hypertension 1999; 33: 726–731.

28. Eklof H, Ahlstrom H, Magnusson A et al. A prospective comparison
of duplex ultrasonography, captopril renography, MRA, and CTA in
assessing renal artery stenosis. Acta Radiol 2006; 47: 764–774.

29. Rountas C, Vlychou M, Vassiou K et al. Imaging modalities for
renal artery stenosis in suspected renovascular hypertension: pro-
spective intraindividual comparison of color Doppler US, CT angio-
graphy, GD-enhanced MR angiography, and digital substraction
angiography. Ren Fail 2007; 29: 295–302.

30. O’Neill WC, Bardelli M, Yevzlin AS. Imaging for renovascular
disease. Semin Nephrol 2011; 31: 272–282.

31. Derkx FH, Schalekamp MA. Renal artery stenosis and hypertension.
Lancet 1994; 344: 237–239.

32. Fommei E, Ghione S, Hilson AJ et al. Captopril radionuclide test in
renovascular hypertension: a European multicentre study. European
Multicentre Study Group. Eur J Nucl Med 1993; 20: 617–623.

33. Mann SJ, Pickering TG, Sos TA et al. Captopril renography in the
diagnosis of renal artery stenosis: accuracy and limitations. Am J
Med 1991; 90: 30–40.

34. Brunner HR, Kirshman JD, Sealey JE et al. Hypertension of renal
origin: evidence for two different mechanisms. Science 1971; 174:
1344–1346.

35. Textor SC, Lerman L. Renovascular hypertension and ischemic
nephropathy. Am J Hypertens 2010; 23: 1159–1169.

36. Wilcox CS. Use of angiotensin-converting-enzyme inhibitors for
diagnosing renovascular hypertension. Kidney Int 1993; 44:
1379–1390.

37. Pickering TG, Sos TA, Vaughan ED, Jr et al. Predictive value and
changes of renin secretion in hypertensive patients with unilateral
renovascular disease undergoing successful renal angioplasty. Am J
Med 1984; 76: 398–404.

38. Maxwell MH, Rudnick MR, Waks AU. New approaches to the diag-
nosis of renovascular hypertension. Adv Nephrol Necker Hosp 1985;
14: 285–304.

39. Pickering TG, Sos TA, Vaughan ED, Jr et al. Differing patterns of
renal vein renin secretion in patients with renovascular hypertension,
and their role in predicting the response to angioplasty. Nephron
1986; 44(Suppl. 1): 8–11.

40. Vaughan ED, Jr, Buhler FR, Laragh JH et al. Renovascular hyper-
tension: renin measurements to indicate hypersecretion and contral-
ateral suppression, estimate renal plasma flow, and score for surgical
curability. Am J Med 1973; 55: 402–414.

41. Gloviczki ML, Glockner JF, Lerman LO et al. Preserved oxygen-
ation despite reduced blood flow in poststenotic kidneys in human
atherosclerotic renal artery stenosis. Hypertension 2010; 55:
961–966.

42. Gloviczki ML, Glockner JF, Crane JA et al. Blood oxygen level-
dependent magnetic resonance imaging identifies cortical hypoxia in
severe renovascular disease. Hypertension 2011; 58: 1066–1072.

43. Ives NJ, Wheatley K, Stowe RL et al. Continuing uncertainty about
the value of percutaneous revascularization in atherosclerotic reno-
vascular disease: a meta-analysis of randomized trials. Nephrol Dial
Transplant 2003; 18: 298–304.

44. Keddis MT, Garovic VD, Bailey KR et al. Ischaemic nephropathy
secondary to atherosclerotic renal artery stenosis: clinical and histo-
pathological correlates. Nephrol Dial Transplant 2010; 25:
3615–3622.

45. Textor SC, Lerman LO. Inflammatory cell markers as indicators of
atherosclerotic renovascular disease. Clin J Am Soc Nephrol 2012;
7: 193–195.

46. Cheng J, Zhou W, Warner GM et al. Temporal analysis of
signaling pathways activated in a murine model of two-kidney, one-
clip hypertension. Am J Physiol Renal Physiol 2009; 297:
F1055–F1068.

47. Chade AR, Rodriguez-Porcel M, Grande JP et al. Mechanisms of
renal structural alterations in combined hypercholesterolemia and
renal artery stenosis. Arterioscler Thromb Vasc Biol 2003; 23:
1295–1301.

48. Wright JR, Duggal A, Thomas R et al. Clinicopathological corre-
lation in biopsy-proven atherosclerotic nephropathy: implications for
renal functional outcome in atherosclerotic renovascular disease.
Nephrol Dial Transplant 2001; 16: 765–770.

49. Hackam DG, Spence JD, Garg AX et al. Role of renin-angiotensin
system blockade in atherosclerotic renal artery stenosis and renovas-
cular hypertension. Hypertension 2007; 50: 998–1003.

50. Chade AR, Lerman A, Lerman LO. Kidney in early atherosclerosis.
Hypertension 2005; 45: 1042–1049.

51. Shah S, Paparello J, Danesh FR. Effects of statin therapy on the pro-
gression of chronic kidney disease. Adv Chronic Kidney Dis 2005;
12: 187–195.

52. Baigent C, Landray MJ, Reith C et al. The effects of lowering
LDL cholesterol with simvastatin plus ezetimibe in patients
with chronic kidney disease (Study of Heart and Renal Protection):
a randomised placebo-controlled trial. Lancet 2011; 377:
2181–2192.

53. Balk E, Raman G, Chung M et al. Effectiveness of management
strategies for renal artery stenosis: a systematic review. Ann Intern
Med 2006; 145: 901–912.

54. Ronden RA, Houben AJ, Kessels AG et al. Predictors of clinical
outcome after stent placement in atherosclerotic renal artery stenosis:
a systematic review and meta-analysis of prospective studies. J Hy-
pertens 2010; 28: 2370–2377.

Received for publication: 6.4.2012; Accepted in revised form: 24.4.2012

Nephrol Dial Transplant (2012): Editorial Review 2663




