
419© Springer International Publishing AG 2018
A.E. Berbari, G. Mancia (eds.), Disorders of Blood Pressure Regulation,  
Updates in Hypertension and Cardiovascular Protection,  
https://doi.org/10.1007/978-3-319-59918-2_25

A. Persu, M.D., Ph.D. (*) 
Cardiology Department, Cliniques Universitaires Saint-Luc, Université Catholique 
de Louvain, 10 avenue Hippocrate, 1200 Brussels, Belgium
e-mail: alexandre.persu@uclouvain.be 

P. Van der Niepen, M.D., Ph.D. 
Department of Nephrology and Hypertension, Universitair Ziekenhuis Brussel,  
Vrije Universiteit Brussel, Laarbeeklaan 101, 1090 Brussels, Belgium
e-mail: Patricia.VanderNiepen@uzbrussel.be
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25.1	 �Pathophysiology of Renovascular Hypertension

Progressive atherosclerotic stenosis of the renal artery leads to hypoperfusion of the 
juxtaglomerular apparatus with release of renin and increased production of angio-
tensin II. The subsequent increases in sympathetic nerve activity and synthesis of 
intrarenal prostaglandin, aldosterone, and nitric oxide and the decrease in renal 
sodium excretion result in vasoconstriction and secondly in sodium and water reten-
tion, causing hypertension. Moreover, renal perfusion becomes volume and angio-
tensin II dependent, especially in bilateral RVD [1–3]. In the absence of renin 
increase or altered renin-angiotensin system modulation in patients with FMD com-
pared to essential hypertensive patients, the applicability of this model to FMD-
related renal artery stenosis has been recently questioned [4].

25.2	 �Atherosclerotic Renovascular Disease

25.2.1	 �Epidemiology

The prevalence of RVH is estimated at 5% of all hypertensive persons but varies 
depending on the screened cohort from <1% in mild to >50% in severe hypertension 
[5, 6]. In patients with extrarenal atherosclerosis, end-stage renal failure, and heart 
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failure, the prevalence of ARAD is high and varies from 4 to18.4% in patients with 
proven coronary artery disease and from 12 to 45.5% in patients with peripheral 
artery disease or aortic disease [7]. The exact prevalence of atherosclerotic (A) RAS 
is unknown because the disease is often asymptomatic and few patients are screened 
unless they have symptoms or significant risk factors. Yet, among potential living 
kidney donors with normal BP and kidney function, renal artery narrowing or ath-
erosclerosis, i.e., “incidental” RAS, can be identified in 5.3% by CT scan [8]. RVD, 
diagnosed with renal Doppler ultrasound (US) (>60% stenosis suggested by peak 
systolic velocity (PSV) >1.8 m/s in the main renal artery), was present in 6.8% of 
free-living, community-dwelling subjects above age 65 [9]. The prevalence of 
ARAD in autopsy series of patients died in hospital varies between 4.3 and 86% [6].

25.2.2	 �Clinical Presentation

Patients are often true treatment resistant, can present with recurrent (“flash”) pul-
monary edema, or suffer acute renal deterioration after BP lowering or administra-
tion of renin-angiotensin system blockers [5, 10].

The elevated BP due to RAD is responsible per se for an increased cardiovascular 
(CV) risk [11]. An increased rate of new CV events, including death, was observed 
in the 2 years after identification of new ARAS in patients aged >67 years in the 
United States. CV events were far more frequent than further loss of kidney func-
tion [12]. Progressive ARAS can indeed lead to ischemic nephropathy with progres-
sive renal failure and occlusion with renal atrophy. However, it has been shown that 
renal outcomes in patients with ARAS are influenced by underlying hypertension 
and diabetes [6, 13]. The underlying mechanisms explaining why ARAD is a strong 
independent predictor of long-term mortality are not well understood, but excess 
neurohumoral activation (i.e., increased sympathetic nervous tone and stimulation 
of the renin-angiotensin-aldosterone axis) may be a major contributor to mortality 
in ARAD [6].

25.2.3	 �Diagnostic Evaluation

Not every patient with hypertension should be submitted to an extensive work-up 
for atherosclerotic RVH.  The presence of an abdominal bruit, new onset hyper-
tension or recent loss of BP control, a unilateral small kidney or a difference of 
at least 1.5 cm, grade 3 or 4 retinopathy, accelerated or malignant hypertension, 
unprovoked hypokalemia, increased serum creatinine after RAAS blockade or 
BP decline, absence of family history of hypertension, significant atherosclerotic 
disease in another vascular bed, elevated plasma renin activity, former or current 
cigarette smoking, flash pulmonary edema, proteinuria, older age, and true resis-
tant hypertension are all clinical clues to RVH. Krijnen et al. proposed a “clinical 
prediction rule,” derived from three small cohorts of patients with drug-resistant 
hypertension, based on patient’s history (age, gender, presence of atherosclerotic 
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CV disease, onset of hypertension within 2 years, smoking), physical examination 
(BMI, abdominal bruit), and some laboratory values (serum creatinine and choles-
terol). A nomogram provides the probability of RVH in patients with drug-resistant 
hypertension [14].

25.2.4	 �Screening and Diagnostic Tests

Screening for atherosclerotic RVH should be restricted to those patients with at least 
an intermediate risk for RVH.

Several tests, based on physiologic or anatomic or both parameters, have been 
evaluated to screen for RVH.  Analyzing plasma renin activity, unstimulated or 
after stimulation by a captopril challenge test, is not very sensitive or specific. 
Determination of renin activity in the blood from renal veins compared to peripheral 
veins has been abandoned because of the invasive nature of the procedure.

Renal scintigraphy, using 99Tc-DTPA, 131I-hippurate, or 99Tc-MAG3, with and 
without captopril can be used but is no longer recommended by the American 
College of Cardiology/American Heart Association as a screening test for RVH. In 
2003, the Society of Nuclear Medicine published updated interpretation criteria 
[15]. The most specific diagnostic criterion for RVH is an ACEI-induced change in 
the renogram. In patients with normal or minimally reduced renal function (creati-
nine <1.7 mg/dL) and in azotemic patients, ACEI renography has a sensitivity and 
specificity of about 90% and 80%, respectively, for diagnosis of RVH. Moreover, 
ACEI-induced renographic findings of RVH may indicate a high probability of 
hypertension cure or improvement after revascularization [16]. However, the lat-
ter has not been shown in the DRASTIC trial [17]. Furthermore, sensitivity and 
specificity of ACEI renography are affected by several factors that contribute to 
confusion in the literature, e.g., use of different isotopes, different clinical charac-
teristics (azotemic and non-azotemic patients), as well as different antihypertensive 
treatment [16].

Duplex ultrasonography not only identifies renal arteries anatomically by using 
B-mode US but also provides hemodynamic information by using Doppler flow 
studies. The Doppler US criteria of RAS can be divided into two groups based 
on direct findings obtained at the level of the stenosis (proximal criteria: peak 
systolic velocity, PSV, and renal aortic ratio) or on flow changes observed in the 
renal vasculature distal to the site of stenosis (distal criteria: resistance index, RI, 
and acceleration time) (Table 25.1). The RI, determined from segmental arterial 
flow characteristics, reflects the status of the flow in the renal circulation beyond 
the main renal arteries. An elevated RI may reflect intrinsic parenchymal or small 
vessel disease. However, reliance upon RI as a predictive parameter for ARAS 
management remains controversial. Radermacher et al. reported that patients with 
RI >0.8 before angioplasty had less BP improvement and worse renal outcomes 
than those with RI <0.8 [19]. In contrast, Zeller et al. reported similar BP and renal 
outcomes for patients with RI >0.8 and those with RI <0.8 [20]. Finally, Bruno 
et al. reported that a RI within the contralateral kidney, and using a cut point of 
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0.73, was the best single predictor of functional outcome (recovery of estimated 
glomerular filtration rate (eGFR)). No US parameter predicted the response of BP 
[21]. In a hemodynamically significant stenosis, a “tardus parvus” wave can be 
observed, as the systolic acceleration of the waveform is slow and the systolic peak 
is of low height [18, 22].

A meta-analysis showed duplex US had 85% sensitivity and 92% specificity for 
detection of RAS. PSV had the highest performance characteristics, and additional 
measurements did not increase accuracy. Operator dependency and sometimes lim-
ited quality images because of patient characteristics are responsible for large varia-
tions in sensitivity (0–98%) and specificity (73–100%) [23].

Contrast-enhanced magnetic resonance angiography (MRA) provides good ana-
tomical information with diagnostic sensitivity of 90% and specificity of 94% [24]. 
Limitations of MRA include a tendency to overestimate moderate stenosis and a 
reduced accuracy in small and distal arteries. In patients with CKD stage 3b or 
more, gadolinium has to be avoided because of the risk of nephrogenic fibrosing 
dermopathy; Dotarem instead can be used. New techniques such as blood-oxygen 
level-dependent MRI (BOLD-MRI) can identify critically ischemic kidneys and 
can predict change in renal function post-revascularization [25].

Computed tomographic angiography (CTA) has also good sensitivity of 84% and 
specificity of 91% [24]. A major limitation is the volume of intravenous contrast 
and the potential nephrotoxic risk. In contrast with MRA, obfuscation of signal by 
indwelling stents is not a concern. CTA is cost-effective in patients for whom there 
is low suspicion of RAS [26].

A meta-analysis showed CTA and gadolinium-enhanced MRA gave more accu-
rate diagnosis than US or captopril scintigraphy [27].

The gold standard investigation remains catheter digital subtraction angiography 
(DSA). It can provide not only accurate anatomical and some functional informa-
tion but also permits to intervene during the same examination. However, this test is 
invasive and carries the potential risk of access site complications, embolic events, 
and contrast-induced nephropathy [28]. Initial diagnostic testing by DSA may nev-
ertheless be considered in those individuals with a high risk for RVH [29].

Figure 25.1 summarizes the diagnostic algorithm for renovascular hypertension.

Table 25.1  Doppler ultrasound criteria for the classification of RA stenosis by color Doppler US

Proximal criteria Peak systolic velocity (cm/s) Renal aortic ratio (renal PSV/aortic PSV)
 � Normal RA  � <180  � <3.5
 � RA diameter 

reduction <60%
 � <180  � <3.5

 � RA diameter 
reduction ≥60%

 � >180  � ≥3.5

 � Occlusion  � No signal  � Indeterminable
Distal criteria Resistance index Acceleration time (m/s)
 � RA diameter 

reduction ≥60%
 � Side-to-side differences in 

RI: >0.05
 � >70

Adapted from Granata et al. [18]
PSV peak systolic velocity, RA renal artery, RI resistance index
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25.2.5	 �Therapy

Despite decades of expertise in treating RAS, uncertainty still exists whether revas-
cularization is warranted. Table 25.2 lists the most widely used potential indica-
tions and contraindications that can help in decision-making [30]. See also fig. 25.2 
representing a clinical casus of an older patient with acute deterioration of kidney 
function due to ARAS who benefited from PTAS.

Suspicion of RVH/ RAS

High

Angiogram
RAS present:
consider significant if
-   Stenosis³70%
-   TSPG³20 mm Hg
-   MSPG³10 mm Hg
-   Pd/Pa ratio<0.9

Suggestive of
RAS

RAS absent

*Recurrent “flash” pulmonary edema
Refractory hypertension despite appropriate triple drug therapy
Progressive unexplained decline in renal function
Acute but reversible kidney injury after RAAS blockade or BP lowering
Renal resistive index <80 mmHg on Doppler US

Not suggestive
of RAS

Treat HT and other
CVRF

Consider
revascularization if*

LowIntermediate

Screening test
PSV>180 cm/s
RAR³3.5

- Doppler US PSV<180 cm/S; no RAS

- CTA or MRA

Fig. 25.1  Diagnostic algorithm for renovascular hypertension. BP blood pressure, CTA computed 
tomographic angiography, CVRF cardiovascular risk factors, MRA magnetic resonance angiogra-
phy, RAAS renin-angiotensin aldosterone system, RAS renal artery stenosis, RVH renovascular 
hypertension, US ultrasound

Table 25.2  Possible indications and contraindications for revascularization

Favorable response after revascularization
Recurrent “flash” pulmonary edema
Refractory hypertension despite appropriate triple drug therapy
Progressive unexplained decline in renal function
Acute but reversible kidney injury after renin-angiotensin system blockade or blood pressure 
lowering
Renal resistive index <80 mmHg on Doppler ultrasound
Unfavorable response after revascularization
Normalized blood pressure with less than three antihypertensive drugs
Unilateral or bilateral small kidneys (<8 cm length)
Renal resistive index ≥80 mmHg on Doppler ultrasound
Long-standing hypertension (>10 years)
Renal artery stenosis <70%

Adapted from Elliott [5]
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25.2.5.1	 �Medical Management
Optimal medical therapy is mandatory in these high-risk patients to reduce CV risk. 
Besides BP lowering, control of other atherosclerotic CV risk factors is required. 
Maximal medical therapy, including low-dose aspirin, statins, and glycemic control, 
together with smoking cessation, is recommended [30].

A major concern about intensive BP lowering with or without RAAS blockers 
is the risk of acute kidney injury. A maximal increase in serum creatinine of 30% 
is allowed; discontinuing RAAS blockade or returning to a higher BP will reverse 
serum creatinine to baseline values [31]. Acute renal function degradation following 
RAAS blockade can be an indication for revascularization [5].

In an observational study, the use of ACEIs was associated with improved sur-
vival and a reduced risk of increasing serum creatinine in both revascularized and 
medically treated patients [32]. This observation emphasizes the need for RAAS 
blockers in the treatment of high-risk patients. However, the prevalent use of RAAS 
blockade prior to randomization in the CORAL trial was only 49% [33].

A population-based cohort study in 4040 patients >65 years with RVD suggests 
that statins are associated with improved prognosis as well [34].

25.2.5.2	 �Angioplasty With or Without Stenting
Renal artery angioplasty alone was first performed by Gruntzig in 1978 [35].

Angioplasty without stenting is no longer preferred for atherosclerotic RAS due 
to high rate of technical failure, restenosis, and failure to lower BP, documented in 
observational studies and small RCTs. An even poorer outcome is observed in case 
of ostial stenosis, multiple and branch lesions. There is also little change in renal 
function after angioplasty [36]. However, large and randomized trials are lacking.

Angioplasty with stenting reduces the risk of restenosis as well as local dissec-
tion, prevents elastic recoil eventually responsible for acute restenosis and thrombo-
sis, and can reduce pressure gradients across lesions after angioplasty.

In a multicenter registry including 1058 patients, stent revascularization of RAS, 
performed for poorly controlled hypertension, preservation of renal function, and/
or congestive heart failure, was overall successful. At 4-year follow-up, BP had 
significantly decreased despite of a decrease in the number of antihypertensive 
medications, as well as serum creatinine. The cumulative probability of survival 
was 74% ± 3% at 4 years and was adversely affected by renal dysfunction despite 
adequate revascularization [37]. Similar results have been obtained in subsequent 
but smaller studies. In a retrospective analysis of patients treated for RVH, those 
who had a baseline eGFR of >40 mL/min/1.73 m2 demonstrated a better response 
to RA stenting at each follow-up interval, with a significant difference at 2–4 years, 
compared with patients with a lower eGFR [38]. Another retrospective study in 
patients with chronic kidney disease (CKD) (creatinine clearance <50 mL/min) and 
RVD suggested that the rate of renal dysfunction progression before angioplasty 
with or without stenting is an independent and strong predictor of improvement in 
renal function after revascularization [39].

Restenosis rates vary between 10 and 50%, depending on location and sever-
ity of stenosis and on length of follow-up. Studies have suggested that secondary 
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interventions for recurrent RAS have outcomes that are comparable with those for 
primary interventions, whereas others have reported worse outcomes. In a retro-
spective analysis of 57 patients undergoing 65 secondary interventions for recur-
rent RAS, it was shown that these patients had outcomes (BP and renal function) 
comparable with 180 patients for 216 primary interventions. These data suggest that 
repeated endovascular procedures for RAS can be undertaken with similar expec-
tations for clinical improvement [40]. Early renal artery PSV, within 1 week after 
renal artery percutaneous angioplasty and stenting (RA-PTAS), predicted renal 
artery restenosis and lower post-procedure renal function [41].

Statin use has been associated with decreased restenosis in 112 patients 
after primary RA-PTAS, whereby restenosis rates were 65% less likely with 
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Fig. 25.2  Serum creatinine, blood pressure, and medications over an 8-year period in an elderly 
patient with unilateral renovascular disease. This elderly atherosclerotic patient developed an acute 
rise in serum creatinine. Doppler US showed a smaller right kidney (10.1 cm) than the left kidney 
(11.2 cm) without hydronephrosis. Because of a high suspicion of renal artery stenosis, a DSA was 
performed, immediately followed by angioplasty and stenting. A marked decrease in serum creati-
nine was observed and remained stable till his death. An ACEI was started and BP was well con-
trolled. a shows the ostial stenosis; b and c show the renal artery during and after angioplasty with 
stenting. ACEI angiotensin-converting enzyme inhibitor, AKI acute kidney injury, BP blood pres-
sure, DSA digital subtraction angiography, RA-PTAS renal artery percutaneous transluminal angio-
plasty with stenting, Rx medical therapy, US ultrasound
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pre-angioplasty statin use, as well as after secondary renal interventions in 51 
patients [42, 43]. These findings support the routine use of statins in patients 
undergoing RA-PTAS.

One important concern of RA-PTAS is the risk of cholesterol embolization. 
According to the results of recent RCTs, acute atheroembolic renal disease, associ-
ated with clinical evident bad prognosis, is present in 0–2.2% of cases [44]. The 
majority of atheroembolic disease is subclinical and perhaps responsible for the 
frequently observed decline in kidney function, despite successful revasculariza-
tion. Therefore, embolic devices have been developed. The frequency of athero-
sclerotic debris recovered in protection devices is >50% [45]. However, in a RCT 
of 100 patients undergoing RA-PTAS, renal artery stenting alone; stenting with 
Angioguard, an embolic protection device; and stenting with abciximab, a glyco-
protein IIb/IIIa inhibitor, were associated with similar declines in GFR at a 1-month 
follow-up, whereas combination therapy with embolic protection and abciximab 
was better than no treatment or either treatment alone [46].

Several randomized clinical trials comparing angioplasty with and/or without 
stenting versus medical treatment have been performed. However, their interpreta-
tion is often complicated by various confounders, i.e., crossovers from medical to 
interventional arms, role of comorbid disease, hypertension vintage, proportion of 
patients with renal insufficiency or bilateral RAS, and different definitions of drug-
resistant hypertension. Other limitations of these studies are related to patient selec-
tion (exclusion of patients with severe hypertension and progressive renal function 
decline, nonstandardized therapy for hypertension and dyslipidemia, nonstandard-
ized BP measurement) or outcome (variable definitions of BP goals, variable mea-
surements of kidney function, short duration of follow-up) [47]. The main results 
from these trials are summarized in Table 25.3.

The EMMA (Essai Multicentrique Medicaments vs. Angioplastie) study, the 
SNRASCG (Scottish and Newcastle Renal Artery Stenosis Collaborative Group) 
trial, and the DRASTIC (Dutch Renal Artery Stenosis Intervention Cooperative) 
study have compared angioplasty without stenting with medical therapy [17, 51, 52].

In the EMMA study, 49 of 76 eligible hypertensive patients with unilateral ARAS 
of ≥75% (or ≥60% with positive screening test) were randomized (26 patients were 
medically treated; 23 patients had angioplasty, of whom two had stents). The pri-
mary endpoint was ambulatory BP at 6 months or at study termination. Angioplasty 
reduced the number of antihypertensive drugs but was associated with more com-
plications (one patient had renal artery dissection with segmental renal infarction, 
five had hematomas, and three developed restenosis, requiring re-intervention) than 
previously reported [51].

In the SNRASCG study, 55 of 135 eligible hypertensive patients treated with 
at least two antihypertensive drugs and with ≥50% RAS were randomized and 
stratified by unilateral (n, 27) or bilateral disease. The primary endpoints were the 
changes in BP and serum creatinine at baseline and at 6 months. A modest improve-
ment in BP was seen with angioplasty in those with bilateral disease, again at the 
expense of a higher complication rate. No significant differences in serum creatinine 
were observed [52].
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In the DRASTIC study, 106 of 169 eligible patients were randomized (50 
patients were medically treated, 56 patients had angioplasty, of whom two with 
stent). All patients were either taking at least two antihypertensive drugs, or had pre-
vious deterioration of renal function with an ACEI, and had ≥50% RAS and serum 
creatinine <2.3 mg/dL at baseline. The primary endpoint, mean office BP at 3 and 
at 12 months, was not different between groups, although the number of antihyper-
tensive drugs was lower in the angioplasty group. However, 20 of 50 patients ini-
tially assigned to the medical treatment group underwent angioplasty at 3 months, 
as diastolic BP was >95 mmHg despite ≥3 antihypertensive drugs. At 3 months, 
estimated creatinine clearance (Cockroft and Gault formula) was slightly but not 
significantly higher in the angioplasty group. Restenosis rate was high (52%) in the 
angioplasty group [17].

Several meta-analyses of these RCTs concluded that balloon angioplasty has a 
modest but significant effect on BP. However, no evidence of improving or preserv-
ing renal function was found, although none of the trials were designed to address 
this issue [36, 62, 63].

The ASTRAL (angioplasty and stenting for renal artery lesions), CORAL (car-
diovascular outcomes in renal atherosclerotic lesions), RADAR, NITER (nephropa-
thy ischemic therapy), and STAR (stent placement and blood pressure and lipid 
lowering for the prevention of progression of renal dysfunction caused by athero-
sclerotic ostial stenosis of the renal artery) randomized trials have compared initial 
angioplasty with stenting with medical therapy [54–56, 64, 65].

The STAR trial randomized 140 patients with ostial ARAS of >50% and esti-
mated (Cockroft and Gault) creatinine clearance <80 mL/min/1.73m2 (74 were 
assigned to medical therapy, 46 patients of the 64 assigned to balloon angioplasty 
with stent insertion underwent the allocated treatment). The primary endpoint 
was a 20% decline in estimated creatinine clearance. The intention-to-treat and 
the per protocol analysis revealed similar results in both arms after 2  years of 
follow-up [54].

The ASTRAL trial randomized 806 patients with uncontrolled or refractory 
hypertension or unexplained renal dysfunction with angiographically proven 
ARAS. Of the 403 patients assigned to RA-PTAS, only 301 were actually revas-
cularized with stent placement. Of the 403 patients assigned to medical therapy, 24 
(6%) crossed over to revascularization. The primary outcome was renal function, 
measured by the reciprocal of serum creatinine. No significant difference in the 
primary endpoint was observed. An important bias in this large study was the opin-
ion of the physician: patients were only enrolled if their physician was uncertain as 
to whether revascularization would be of clinical benefits, which may have led to 
exclusion of patients most likely to benefit from revascularization [55].

The CORAL trial included 947 patients with ARAS of >80% or 60–79% with 
a systolic pressure gradient of  >20  mmHg across the stenotic lesion on angiog-
raphy and a systolic BP >155 mmHg on at least two antihypertensive drugs and/
or eGFR (MDRD) <60  mL/min/1.73  m2. The CORAL investigators factually 
selected patients with less severe RA stenosis but only with evidence of a signifi-
cant translesional SP gradient. The latter is suggestive for a stenosis responsible 
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for an upregulation of renin production and, thus, for RVH and consequently may 
predict hypertension improvement after stenting of RAS [66]. Patients with renal 
FMD, nonischemic nephropathy, or a kidney length of <7 cm were excluded in the 
CORAL trial. 467 patients were assigned to RA-PTAS (embolic protection devices 
were used) and medical therapy (442 actually underwent revascularization) and 480 
to medical therapy alone (4% crossover). Medical treatment was standardized. The 
primary endpoint was a composite of death from CV or renal causes, myocardial 
infarction, stroke, hospitalization for congestive heart failure, progressive renal fail-
ure, or the need for renal replacement therapy. The authors concluded that renal 
artery stenting did not confer a significant benefit with respect to the prevention 
of clinical events when added to comprehensive, multifactorial medical therapy in 
patients with ARAS and hypertension or CKD [56].

The RADAR trial was designed to compare the best medical treatment versus the 
best medical treatment plus RA-PTAS in patients with hemodynamically significant 
ARAS (>70%). The primary endpoint is the change of eGFR over 12 months. The 
study was prematurely terminated, and the results of the trial, including 89 patients, 
have not been fully published [44, 47]. Also the results of the NITER trial have not 
been fully published [44, 53].

The Cochrane collaboration meta-analysis of Jenks et al. and other reviews all 
concluded that revascularization using balloon angioplasty, with or without stent-
ing, is not superior to medical therapy for the treatment of ARAS in patients with 
hypertension. However, balloon angioplasty results in a small improvement in dia-
stolic BP and a small reduction in antihypertensive drug requirements. Balloon 
angioplasty also appears to be safe and results in similar numbers of CV and renal 
adverse events as compared to medical therapy [44].

The primary objective of the ongoing METRAS trial is to determine whether 
RA-PTAS is superior or equivalent to optimal medical treatment for preserv-
ing GFR in the ischemic kidney as assessed by 99mTc-DTPA sequential renal 
scintigraphy [60].

The primary objective of the RAVE study is to determine the frequency of pro-
gression to the composite endpoint (death, dialysis, and doubling of serum creati-
nine) in patients with ARAD and indication for revascularization, randomized to 
medical therapy or renal revascularization over a minimum of 6 months. The study 
has been completed, but no results till now were published. [59].

The primary endpoint of the recently started ANDORRA study in resistant hyper-
tension (daytime SBP ≥135 or DBP ≥85 mmHg on ≥3 antihypertensive drugs) and 
UL or BL ARAS ≥60%; kidney length ≥7 cm; eGFR ≥20 mL/min is the mean 
change in diurnal systolic BP on 24 h ABPM after 12 months [61].

25.2.5.3	 �Surgical Revascularization
Surgical revascularization is no longer the first-choice treatment since angioplasty 
became widely available. Surgery is reserved for difficult and complex lesions or 
in case of a complication during angiography. To minimize atheroembolism, aor-
torenal bypass and renal endarterectomies have nowadays been superseded by non-
aortic site bypasses (splenic, celiac, mesenteric, hepatic, or ileac arterial).
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Few RCTs evaluated surgery versus medical therapy or angioplasty. A small 
randomized study including 52 patients with ARAS at risk for ischemic nephropa-
thy, comparing surgery with medical therapy, did not show any difference in mortal-
ity at 5 years. No data on BP control or kidney function were published [48].

Another small study randomized 58 hypertensive patients with ARAS to sur-
gery versus balloon angioplasty without stenting. The technical success rate was 
83% in the RA-PTAS and 97% in the surgical group and not significantly different. 
The primary patency rate at 2 years was significantly higher for surgical than for 
angioplasty-treated patients (96% vs. 75%, p <0.05). A significant decrease in BP 
in both groups was observed, but without intergroup differences. The number of 
patients receiving more than three antihypertensive drugs was reduced to a similar 
extent in both groups. There was also no difference between the two methods with 
regard to influence on renal function [49].

Balzer et al. randomized 50 patients with hypertension and renal artery ostial 
occlusive disease (RAOOD) to surgical revascularization or RA-PTAS. Four-year 
follow-up mortality was 18% in the stent group and 25% in the surgical group 
(NS). Both groups showed significant (p <0.01) improvement of hypertension and 
nonsignificant improvement (surgery) or stabilization of renal function. Freedom 
from recurrent RAOOD (>70%) was achieved in 90.1% of the surgical group and 
79.9% of the stent group (NS). Despite the nonsignificant differences in outcome, 
the authors concluded that surgical reconstruction remains the gold standard for 
patients with RAOOD [50]. Other advocates of surgery also question the pre-
dominance of endovascular intervention in ARAS and advance the need for more 
RCTs [67].

25.2.6	 �Future Perspectives

Despite the neutral results of the RCTs, it is obvious that patients with ARAD con-
stitute a heterogeneous group. To date, the available RCTs have been subject to 
selection bias, excluding high-risk patients. Therefore, their data may not apply 
for all patients. Revascularization should still be considered in patients with true 
resistant hypertension, recurrent flash pulmonary edema, or rapid decline in kidney 
function [10, 68–70]. However, no hard evidence is available.

Which technique (US or DSA) or which parameter (i.e., RI, PSV, translesional 
pressure gradient) can reliably identify patients likely to benefit from revascula
rization remains controversial. Perhaps BOLD-MRI could help to resolve this 
problem [25].

Technical improvement of endovascular revascularization is continuing, with the 
use of drug-eluting stents, resulting in less complications [23, 28, 56, 68, 71].

It is increasingly recognized that atherosclerosis is a systemic disorder, charac-
terized by inflammation. Poststenotic porcine and human kidneys release—even 
despite successful revascularization—several inflammatory cytokines and oxidative 
stress markers that may accelerate target organ injury. Recent research strategies 
try to ameliorate inflammation and oxidative stress by a single intrarenal infusion 
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of allogeneic adipose tissue-derived mesenchymal stem cells during PTRA. These 
experiments preserved stenotic kidney function, reduced systemic oxidative stress 
and inflammation, and thereby improved cardiac function, oxygenation, and myo-
cardial injury 4 weeks after revascularization [72]. Endothelin-1 receptor blockers, 
angiogenic factors like vascular endothelial growth factor or hepatocyte growth fac-
tor, and mitochondria-targeted peptides also confer renoprotective effects in the ste-
notic kidney [73–76]. Whether these interventions might improve clinical outcome 
awaits further research.

25.3	 �Renal Artery Stenosis Due to Fibromuscular Dysplasia

25.3.1	 �Definition, Prevalence, and Classification

FMD-related renal artery stenosis has been for long considered a rare entity, with an 
estimated prevalence of <1% in the general population [77]. However, recent data 
suggest that FMD is much more common. A meta-analysis based on kidney donor 
data indeed found silent renal FMD lesions in 4% of the potential kidney donor 
population [78]. Furthermore, in the CORAL trial, where FMD was an exclusion 
criterion, the prevalence of FMD was 5.8% [78].

Three main histopathological types of renal FMD have been described according 
to the arterial wall involved, i.e., intimal FMD (5%), medial FMD (>85%), and peri-
medial FMD (10%) [79]. However, nowadays, as few cases of FMD require surgery 
and pathological documentation is lacking, this classification has become largely 
obsolete. Based on pathological-angiographic correlations, Kincaid proposed three 
types of renal artery FMD: multifocal (“string-of-beads” appearance), unifocal (sol-
itary stenosis <1 cm in length), and tubular (stenosis at least 1 cm in length) FMD 
[80]. As the two last categories differ only by the length of the diseased segment, 
Savard et al. have proposed to group them under the generic term “unifocal” [81]. 
This pragmatic classification has been endorsed by the authors of the European 
consensus on FMD [82] and the American Heart Association [83].

Multifocal FMD accounts for over 80% of cases of renovascular FMD, and its 
histological substrate is medial FMD.  It affects mainly women between 30 and 
50 years old. The lesions commonly involve the middle or distal thirds of the main 
renal artery, and there is often extension into the proximal portion of the first-level 
branches. Lesions are bilateral in 60% of cases. Although the “string-of-beads” 
appearance is almost pathognomonic of multifocal (medial) FMD, the diagnosis 
requires exclusion of intoxication by sympathomimetic agents and ergotamine 
derivatives [77, 82].

Unifocal FMD can be found at the ostium, the trunk, or the bifurcation of the 
renal arteries. The diagnosis is suspected in young (usually <40 years old) patients 
with no atherosclerosis, after exclusion of other less frequent diseases. The differen-
tial diagnosis of unifocal FMD includes compression of the proximal renal artery by 
the median arcuate ligament; Takayasu or giant cell arteritis, usually associated with 
biological inflammation and vascular thickening; and rare monogenic or congenital 
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diseases (type 1 neurofibromatosis, tuberous sclerosis, pseudoxanthoma elasticum, 
vascular Ehlers-Danlos syndrome, Alagille syndrome, Williams syndrome, and 
Turner syndrome) [73, 78].

25.3.2	 �Clinical Presentation

Hypertension of variable severity is the most common clinical presentation of 
FMD. Occasionally, an epigastric or flank bruit at physical examination can also 
lead to the diagnosis. Flank pain may be a manifestation of renal artery dissection or 
aneurysm. FMD-associated arterial aneurysms at any location have been reported in 
17% (33% in renal artery) and dissections in 20% (22% in renal artery) of patients 
in the US registry [84]. Renal insufficiency is uncommon and often due to renal 
artery dissection and renal infarction. Progression to end-stage renal disease is very 
rare. Finally, occurrence of FMD in at least another relative has been reported in 
7–11% of cases [84, 85].

25.3.3	 �Diagnosis

The European consensus on fibromuscular dysplasia has recommended screening 
in patients <30 years old, especially in women and/or patients with severe, resistant, 
or malignant hypertension [82]. However, as the mean age at diagnosis of FMD 
in the US registry [84] and other recent cohorts is ~50 years, it appears reason-
able to consider screening up to the fifth decade of life, especially in hypertensive 
women. Additional indications for screening include patients with small kidney in 
the absence of history of uropathy and abdominal bruit without apparent athero-
sclerosis and patients with demonstrated FMD in at least another vascular territory 
[82]. However, the true prevalence of FMD in these different subgroups has not 
been documented.

The diagnosis of renal FMD can be made by using noninvasive imaging stud-
ies including duplex ultrasonography and angiography by computed tomography 
or magnetic resonance. While, in the European consensus on FMD, renal duplex 
was still recommended as the first-line screening test [82], CT angiography—or, if 
contraindicated, MR angiography—is increasingly considered as a reasonable first-
line imaging modality, in view of its higher resolution, especially for distal lesions, 
ability to detect FMD lesions without hemodynamic consequences, and decreas-
ing costs and radiation exposure. This is especially true in case of high diagnostic 
probability or expected low performance of renal duplex (obese or hypo-echogenic 
patients, lack of local expertise, etc.).

Digital subtraction angiography remains the gold standard, but, in view of its 
invasiveness, it is usually reserved for patients in whom performing a simultane-
ous percutaneous angioplasty (PTA) is justified. DSA is also advised in the case 
of a high clinical suspicion of FMD-related stenosis, when the diagnosis remains 
uncertain after performing noninvasive tests [82]. In equivocal cases, intravascular 
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ultrasound (IVUS) and pressure measurements can help to assess the hemodynamic 
significance of a stenosis and the anatomical success after percutaneous intervention 
[86, 87].

25.3.4	 �Screening for FMD Lesions of Other Vascular Beds

Analysis of various cohorts of FMD patients from Europe and the United States 
suggests that up to one third of patients with FMD may harbor lesions of two or 
more vascular beds [82]. As vascular investigations were neither systematic nor 
standardized, these figures are likely underestimated. Notably, in the US registry, 
65% of patients with renal FMD also have carotid FMD lesions [84]. Therefore, 
screening for cervico-cephalic FMD lesions in patients with renal FMD is recom-
mended, provided there are arguments that identification of lesions in the second 
vascular bed could modify management [82]. CT- or, if contraindicated, MR angi-
ography should be preferred to carotid duplex, first because cervical FMD lesions 
are often distal and thus may escape carotid duplex and secondly because CT angi-
ography also allows detecting associated cerebral aneurysms [82, 88]. Screening of 
other, less often involved vascular beds (mesenteric, lower, or upper limb arteries) 
should also be considered in the presence of suggestive symptoms (claudication, 
abdominal angina, etc.) or medical history.

25.3.5	 �Therapy

The treatment of patients with renal FMD may include medical therapy with sur-
veillance, endovascular therapy (angioplasty without stenting), or surgery. The deci-
sion depends on the nature and location of vascular lesions (stenosis/dissection/
aneurysm), the presence and severity of symptoms, prior vascular events related to 
FMD, and comorbid conditions.

25.3.5.1	 �Medical Management
Medical therapy includes antihypertensive drugs, preferably blockers of the renin-
angiotensin system, treatment of other cardiovascular risk factors, and antiplatelet 
or antithrombotic drugs after angioplasty or in case of renal artery dissection or 
thrombosis. Furthermore, it has been suggested that smoking is associated with a 
more aggressive course of the disease [89, 90]. Accordingly, smoking cessation is 
strongly encouraged in patients with FMD.

25.3.5.2	 �Angioplasty With or Without Stenting
There are no randomized controlled studies comparing revascularization to medical 
treatment only or revascularization by percutaneous angioplasty (PTA) to surgi-
cal revascularization in patients with FMD. In contrast with atherosclerotic RAS, 
hypertension cure is fairly common following revascularization of FMD-related 
RAS (30–50% according to the definition of normotension) [91]. As shown in a 
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meta-analysis, cure rates are higher in younger patients, those with more recent 
onset of hypertension, and in unifocal FMD compared with multifocal FMD [91]. 
It appears appropriate to propose revascularization in hypertensive patients with 
FMD-related RAS, especially if hypertension is of recent onset or in case of drug-
resistant hypertension [82].

The two options available for renal artery revascularization are PTA and renal 
artery surgery. In view of its less invasive character and of the large experience 
acquired, PTA is currently the first-line revascularization technique. There is no 
evidence of superiority of renal artery PTA followed by stenting vs. PTA alone in 
FMD patients. Furthermore, cases of stent kinking of fracture have been reported 
in patients with renal FMD [92]. Therefore, stenting is not indicated after primary 
PTA unless needed due to a significant per-procedural dissection [82]. Surgery 
remains the primary approach for patients with complex lesions of arterial bifurca-
tion or branches, stenoses associated with complex aneurysms, or following PTA 
failure. A second PTA may be attempted following PTA failure, but a third PTA is 
not recommended so as to prevent arterial trauma, which could jeopardize surgical 
results [82].

25.3.6	 �Future Perspectives

One of the major aims of current research is to identify the genetic and environ-
mental factors involved in the pathogenesis of FMD. Besides candidate gene stud-
ies, which have proven disappointing so far [77], non-hypothesis-driven strategies 
such as genome-wide association studies performed in large discovery and rep-
lication cohorts and whole exome sequencing in selected familial, severe, early-
onset cases [93] may contribute to unravel the genetic determinants of the disease. 
Environmental factors, including tobacco and hormones, and possible gene-environ-
ment interactions also need further evaluation. Additional research efforts should be 
devoted to identification of the disease subtypes more likely to progress, definition 
of an evidence-based screening and follow-up algorithm, and improvement in quan-
tification of FMD-related renal artery stenosis. A common prerequisite of most of 
these investigations is to collect systematically and prospectively in a standardized 
way all FMD cases into national and international registries such as US [84], French 
[94], and European registries.

�Conclusions
The prevalence of renovascular hypertension is highly variable according to the 
studied cohorts. Renal angiography remains the gold standard for the diagnosis 
of renal artery stenosis.

In atherosclerotic renal artery disease, medical therapy remains the corner-
stone of treatment, and cardiovascular risk factors should be aggressively tar-
geted. Revascularization with balloon angioplasty and stent placement should be 
considered for selected patients with atherosclerotic renal artery stenosis and 
poorly controlled hypertension and/or rapidly declining kidney function and/or 
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flash pulmonary edema. Recent research highlights the transition from a pure 
hemodynamic condition to a complex inflammatory process in the ischemic kid-
ney, creating new opportunities for innovative therapies [95].

For FMD-related renal artery stenosis, angioplasty without stenting should be 
considered in most cases, especially in young patients with recent onset of hyper-
tension and/or patients with resistant hypertension. FMD appears more and more 
as a systemic disease with a heritable component. Therefore, management should 
also include screening for lesions of other vascular beds, particularly cervico-
cephalic FMD, and careful family history taking [82].

Acknowledgments  The authors are indebted to Dr. Elena Berra for her assistance in preparing 
and checking the references and to Mrs. Nadia Fenners for editing the tables.

References

	 1.	Textor SC, Novick A, Mujais SK et  al (1983) Responses of the stenosed and contralateral 
kidneys to [Sar1, Thr8] AII in human renovascular hypertension. Hypertension 5:796–804

	 2.	Textor SC, Lerman LO (2015) Paradigm shifts in atherosclerotic renovascular disease: where 
are we now? J Am Soc Nephrol 26:2074–2080

	 3.	Kwon SH, Lerman LO (2015) Atherosclerotic renal artery stenosis: current status. Adv 
Chronic Kidney Dis 22:224–231

	 4.	Conlon PJ, O’Riordan E, Kalra PA (2000) New insights into the epidemiologic and clinical 
manifestations of atherosclerotic renovascular disease. Am J Kidney Dis 35:573–578

	 5.	Elliott WJ (2008) Renovascular hypertension: an update. J Clin Hypertens 10:522–533
	 6.	Van Twist DJ, Houben AJ, de Haan MW et al (2016) Renal hemodynamics and renin-angioten-

sin system activity in humans with multifocal renal artery fibromuscular dysplasia. J Hypertens 
34:1160–1169

	 7.	De Mast Q, Beutler JJ (2009) The prevalence of atherosclerotic renal artery stenosis in risk 
groups: a systematic literature review. J Hypertens 27:1333–1340

	 8.	Lorenz EC, Vrtiska TJ, Lieske JC et al (2010) Prevalence of renal artery and kidney abnormali-
ties by computed tomography among healthy adults. Clin J Am Soc Nephrol 5:431–438

	 9.	Hansen KJ, Edwards MS, Craven TE et al (2002) Prevalence of renovascular disease in the 
elderly: a population-based study. J Vasc Surg 36:443–451

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

	11.	Shafique S, Peixoto AJ (2007) Renal artery stenosis and cardiovascular risk. J Clin Hypertens 
9:201–208

	12.	Kalra PA, Guo H, Kausz AT et al (2005) Atherosclerotic renovascular disease in United States 
patients aged 67 years or older: risk factors, revascularization, and prognosis. Kidney Int 
68:293–301

	13.	Yu TM, Sun CS, Lin CL et  al (2015) Risk factors associated with end-stage renal disease 
(ESRD) in patients with atherosclerotic renal artery stenosis. a nationwide population-based 
analysis. Medicine (Baltimore) 94:e912 doi:https://doi.org/10.1097/MD.0000000000000912

	14.	Krijnen P, Steyerberg EW, Postma CT et al (2005) Validation of a prediction rule for renal 
artery stenosis. J Hypertens 23:1583–1588

	15.	Taylor A, Blaufox MD, Dubovsky EV et  al (2003) Society of nuclear medicine procedure 
guideline for diagnosis of renovascular hypertension. Society of Nuclear Medicine and 
Molecular Imaging website http://interactivesnmorg/docs/pg_ch16_0403pdf Published 
August 2003. Accessed 29 Feb 2016

25  Renovascular Hypertension

https://doi.org/10.1097/MD.0000000000000912
http://interactive.snm.org/docs/pg_ch16_0403.pdf


440

	16.	Taylor AT (2014) Radionuclides in nephrourology, part 2: pitfalls and diagnostic applications. 
J Nucl Med 55:786–798

	17.	Van Jaarsveld BC, Krijnen P, Pieterman H et al (2000) The effect of balloon angioplasty on 
hypertension in atherosclerotic renal-artery stenosis. Dutch Renal Artery Stenosis Intervention 
Cooperative Study Group. N Engl J Med 342:1007–1014

	18.	Granata A, Fiorini F, Andrulli S et al (2009) Doppler ultrasound and renal artery stenosis: an 
overview. J Ultrasound 12:133–143

	19.	Radermacher J, Chavan A, Bleck J et al (2001) Use of Doppler ultrasonography to predict the 
outcome of therapy for renal-artery stenosis. N Engl J Med 344:410–417

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

	21.	Bruno RM, Daghini E, Versari D et  al (2014) Predictive role of renal resistive index for 
clinical outcome after revascularization in hypertensive patients with atherosclerotic renal 
artery stenosis: a monocentric observational study. Cardiovasc Ultrasound 12:9. https://doi.
org/10.1186/1476–7120–12-9

	22.	Schäberle W, Leyerer L, Schierling W et al (2016) Ultrasound diagnostics of renal artery ste-
nosis. Stenosis criteria, CEUS and recurrent in-stent stenosis. Gefässchirurgie 21:S4–S13

	23.	Williams GJ, Macaskill P, Chan SF et al (2007) Comparative accuracy of renal duplex sono-
graphic parameters in the diagnosis of renal artery stenosis: paired and unpaired analysis. Am 
J Roentgenol 188:798–811

	24.	Rountas C, Vlychou M, Vassiou K et al (2007) Imaging modalities for renal artery stenosis in 
suspected renovascular hypertension: prospective intraindividual comparison of color Doppler 
US, CT angiography, GD-enhanced MR angiography, and digital subtraction angiography. 
Ren Fail 29:295–302

	25.	Chrysochou C, Mendichovszky IA, Buckley DL et al (2012) BOLD imaging: a potential pre-
dictive biomarker of renal functional outcome following revascularization in atheromatous 
renovascular disease. Nephrol Dial Transplant 27:1013–1019

	26.	Van Helvoort-Postulart D, Dirksen CD, Nelemans PJ et al (2007) Renal artery stenosis: cost-
effectiveness of diagnosis and treatment. Radiology 244:505–513

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

	28.	Zeller T, Frank U, Müller C et al (2003) Technological advances in the design of catheters 
and devices used in renal artery interventions: impact on complications. J Endovasc Ther 
10:1006–1014

	29.	Martin LG, Rundback JH, Wallace MJ et al (2010) Quality improvement guidelines for angi-
ography, angioplasty, and stent placement for the diagnosis and treatment of renal artery ste-
nosis in adults. J Vasc Interv Radiol 21:421–430

	30.	Bavishi C, de Leeuw PW, Messerli FH (2015) Atherosclerotic renal artery stenosis and hyper-
tension: pragmatism, pitfalls, and perspectives. Am J Med 129:635.e5–635.e14

	31.	Bakris GL, Weir MR (2000) Angiotensin-converting enzyme inhibitor-associated elevations in 
serum creatinine: is this a cause for concern? Arch Intern Med 160:685–693

	32.	Losito A, Errico R, Santirosi P et al (2005) Long-term follow-up of atherosclerotic renovascu-
lar disease. Beneficial effect of ACE inhibition. Nephrol Dial Transplant 20:1604–1609

	33.	Evans KL, Tuttle KR, Folt DA et al (2014) Use of renin-angiotensin inhibitors in people with 
renal artery stenosis. Clin J Am Soc Nephrol 9:1199–1206

	34.	Hackam DG, Wu F, Li P et al (2011) Statins and renovascular disease in the elderly: a popula-
tion based cohort study. Eur Heart J 32:598–610

	35.	Gruntzig A, Vetter W, Meier B et al (1978) Treatment of renovascular hypertension with per-
cutaneous transluminal dilation of a renal artery stenosis. Lancet 311:801–802

	36.	 Ives NJ, Wheatley K, Stowe RL et al (2003) Continuing uncertainty about the value of percuta-
neous revascularization in atherosclerotic renovascular disease: a meta-analysis of randomized 
trials. Nephrol Dial Transplant 18:298–304

A. Persu and P.V. der Niepen

https://doi.org/10.1186/1476–7120–12-9
https://doi.org/10.1186/1476–7120–12-9


441

	37.	Dorros G, Jaff M, Mathiak L et  al (2002) Multicenter Registry Participants. Multicenter 
Palmaz stent renal artery stenosis revascularization registry report: four-year follow-up of 
1,058 successful patients. Catheter Cardiovasc Interv 55:182–188

	38.	Beck AW, Nolan BW, De Martino R et al (2010) Predicting blood pressure response after renal 
artery stenting. J Vasc Surg 51:380–385

	39.	Muray S, Martın M, Amoedo ML et al (2002) Rapid decline in renal function reflects revers-
ibility and predicts the outcome after angioplasty in renal artery stenosis. Am J Kidney Dis 
39:60–66

	40.	Simone TA, Brooke BS, Goodney PP et al (2013) Clinical effectiveness of secondary interven-
tions for restenosis after renal artery stenting. J Vasc Surg 58:687–694

	41.	Christie JW, Conlee TD, Craven TE et al (2012) Early duplex predicts restenosis after renal 
artery angioplasty and stenting. J Vasc Surg 56:1373–1380

	42.	Corriere MA, Edwards MS, Pearce JD et al (2009) Restenosis after renal artery angioplasty 
and stenting: incidence and risk factors. J Vasc Surg 50:813–819

	43.	Davies MG, Saad WA, Bismuth JX et al (2009) Outcomes of endoluminal reintervention for 
restenosis after percutaneous renal angioplasty and stenting. J Vasc Surg 49:946–952

	44.	Jenks S, Yeoh SE, Conway BR (2014) Balloon angioplasty, with and without stenting, versus 
medical therapy for hypertensive patients with renal artery stenosis. Cochrane Database Syst 
Rev 12:CD002944. https://doi.org/10.1002/14651858.CD002944.pub2.

	45.	White CJ (2010) Optimizing outcomes for renal artery intervention. Circ Cardiovasc Interv 
3:184–192

	46.	Cooper CJ, Haller ST, Colyer W et al (2008) Embolic protection and platelet inhibition during 
renal artery stenting. Circulation 117:2752–2760

	47.	Textor SC, Misra S, Oderich G (2013) Percutaneous revascularization for ischemic nephropa-
thy: past, present and future. Kidney Int 83:28–40

	48.	Uzzo RG, Novick AC, Goormastic M et al (2002) Medical versus surgical management of 
atherosclerotic renal artery stenosis. Transplant Proc 34:723–725

	49.	Weibull H, Bergqvist D, Bergentz S-E et  al (1993) Percutaneous transluminal renal angio-
plasty versus surgical reconstruction of atherosclerotic renal artery stenosis: a prospective ran-
domized study. J Vasc Surg 18:841–852

	50.	Balzer KM, Pfeiffer T, Rossbach S et  al (2009) Prospective randomized trial of operative 
vs interventional treatment for renal artery ostial occlusive disease (RAOOD). J Vasc Surg 
49:667–675

	51.	Plouin PF, Chatellier G, Darné B et al (1998) Blood pressure outcome of angioplasty in athero-
sclerotic renal artery stenosis. A randomized trial. Hypertension 31:823–829

	52.	Webster J, Marshall F, Abdalla M et al (1998) Randomised comparison of percutaneous angio-
plasty vs continued medical therapy for hypertensive patients with atheromatous renal artery 
stenosis. Scottish and Newcastle Renal Artery Stenosis Collaborative Group. J Hum Hypertens 
12:329–335

	53.	Van de Ven PJ, Kaatee R, Beutler JJ, Beek FJ, Woittiez AJ, Buskens E et al (1999) Arterial 
stenting and balloon angioplasty in ostial atherosclerotic renovascular disease: a randomised 
trial. Lancet 353(9149):282–286

	54.	Bax L, Woittiez A-JJ, Kouwenberg HJ et al (2009) Stent placement in patients with athero-
sclerotic renal artery stenosis and impaired renal function. A randomized trial. Ann Intern Med 
150:840–848

	55.	 Investigators TASTRAL, Wheatley K, Ives N et al (2009) Revascularization versus medical 
therapy for renal-artery stenosis. N Engl J Med 361:1953–1962

	56.	Cooper CJ, Murphy TP, Cutlip DE et al (2014) Stenting and medical therapy for atheroscle-
rotic renal-artery stenosis. N Engl J Med 370:13–22

	57.	Scarpioni R, Michieletti E, Cristinelli L et  al (2005) Atherosclerotic renovascular disease: 
medical therapy versus medical therapy plus renal artery stenting in preventing renal failure 
progression: the rationale and study design of a prospective, multicenter and randomized trial 
(NITER). J Nephrol 18:423–428

25  Renovascular Hypertension

https://doi.org/10.1002/14651858.CD002944.pub2.


442

	58.	Zeller T (2013) RADAR—data of a prematurely terminated randomized, multi-centre, pro-
spective study comparing best medical treatment versus best medical treatment plus renal 
artery stenting in patients with hemodynamically relevant atherosclerotic renal artery stenosis 
[Abstract]. Vasa 42:40

	59.	Tobe SW, Atri M, Perkins N et al (2007) Renal Atherosclerotic reVascularization Evaluation 
(RAVE Study): study protocol of a randomized trial [NCT00127738]. BMC Nephrol 8:4

	60.	Rossi GP, Seccia TM, Miotto D et al (2012) The medical and endovascular treatment of athero-
sclerotic renal artery stenosis (METRAS) study: rationale and study design. J Hum Hypertens 
26:507–516

	61.	Azizi M (2015) Renal artery stenting in patients with documented resistant hyperten-
sion and atherosclerotic renal artery stenosis (ANDORRA). https://clinicaltrials.gov/show/
NCT02539810

	62.	Nordmann AJ, Woo K, Parkes R et al (2003) Balloon angioplasty or medical therapy for hyper-
tensive patients with atherosclerotic renal artery stenosis? A meta-analysis of randomized con-
trolled trials. Am J Med 114:44–50

	63.	Caielli P, Frigo AC, Pengo MF et al (2015) Treatment of atherosclerotic renovascular hyperten-
sion: review of observational studies and a meta-analysis of randomized clinical trials. Nephrol 
Dial Transplant 30:541–555

	64.	Schwarzwälder U, Hauk M, Zeller T (2009) RADAR—a randomised, multi-centre, prospec-
tive study comparing best medical treatment versus best medical treatment plus renal artery 
stenting in patients with haemodynamically relevant atherosclerotic renal artery stenosis. 
Trials 10:60. https://doi.org/10.1186/1745–6215–10-60

	65.	Scarpioni R, Michieletti E, Pavone L, Gandolfi S, Ricardi M, Pecchini P et  al (2009) 
Atherosclerotic renovascular disease (ARVD): medical therapy plus renal artery stenting 
(PTRS), compared with medical therapy alone, do not offer more chances in preventing car-
dio-vascular (CV) or renal events. Preliminary results of a prospective, multicenter and ran-
domized trial [Abstract]. Presented at World Congress of Nephrology, Milan, Italy, 22–26 May 
2009

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

	67.	Abela R, Ivanova S, Lidder S et al (2009) An analysis comparing open surgical and endovas-
cular treatment of atherosclerotic renal artery stenosis. Eur J Vasc Endovasc Surg 38:666–675

	68.	Chrysant GS, Bates MC, Sullivan TM et al (2014) Proper patient selection yields significant 
and sustained reduction in systolic blood pressure following renal artery stenting in patients 
with uncontrolled hypertension: long-term results from the HERCULES trial. J Clin Hypertens 
(Greenwich) 16:497–503

	69.	Bloch MJ, Trost DW, Pickering TG et  al (1999) Prevention of recurrent pulmonary edema 
in patients with bilateral renovascular disease through renal artery stent placement. Am J 
Hypertens 12:1–7

	70.	Ritchie J, Green D, Chrysochou C et al (2014) High-risk clinical presentations in atheroscle-
rotic renovascular disease: prognosis and response to renal artery revascularization. Am J 
Kidney Dis 63:186–197

	71.	Safian RD, Madder RD (2009) Refining the approach to renal artery revascularization. JACC 
Cardiovasc Interv 2:161–174

	72.	Eirin A, Zhu X-Y, Ferguson CM et al (2015) Intra-renal delivery of mesenchymal stem cells 
attenuates myocardial injury after reversal of hypertension in porcine renovascular disease. 
Stem Cell Res Ther 6:7. https://doi.org/10.1186/scrt541

	73.	Chade AR, Tullos N, Stewart NJ et al (2015) Endothelin-A receptor antagonism after renal 
angioplasty enhances renal recovery in renovascular disease. J Am Soc Nephrol 26:1071–1080

	74.	Chade AR, Kelsen S (2010) Renal microvascular disease determines the responses to revascu-
larization in experimental renovascular disease. Circ Cardiovasc Interv 3:376–383

	75.	Stewart N, Chade AR (2013) Renoprotective effects of hepatocyte growth factor in the stenotic 
kidney. Am J Physiol Renal Physiol 304:F625–F633

A. Persu and P.V. der Niepen

https://clinicaltrials.gov/show/NCT02539810
https://clinicaltrials.gov/show/NCT02539810
https://doi.org/10.1186/1745–6215–10-60
https://doi.org/10.1186/scrt541


443

	76.	Eirin A, Ebrahimi B, Zhang X et al (2014) Mitochondrial protection restores renal function in 
swine atherosclerotic renovascular disease. Cardiovasc Res 103:461–472

	77.	Plouin PF, Perdu J, La Batide-Alanore A et al (2007) Fibromuscular dysplasia. Orphanet J 
Rare Dis 2:28

	78.	Hendricks NJ, Matsumoto AH, Angle JF et al (2014) Is fibromuscular dysplasia underdiag-
nosed? A comparison of the prevalence of FMD seen in CORAL trial participants versus a 
single institution population of renal donor candidates. Vasc Med 19:363–367

	79.	Harrison EG, McCormack LJ (1971) Pathologic classification of renal arterial disease in reno-
vascular hypertension. Mayo Clin Proc 46:161–167

	80.	Kincaid OW, Davis GD, Hallermann FJ et al (1968) Fibromuscular dysplasia of the renal arter-
ies. Arteriographic features, classification, and observations on natural history of the disease. 
Am J Roentgenol Radium Ther Nucl Med 104:271–282

	81.	Savard S, Steichen O, Azarine A et al (2012) Association between 2 angiographic subtypes of 
renal artery fibromuscular dysplasia and clinical characteristics. Circulation 126:3062–3069

	82.	Persu A, Giavarini A, Touzé E et al (2014) European consensus on the diagnosis and manage-
ment of fibromuscular dysplasia. J Hypertens 32:1367–1378

	83.	Olin JW, Gornik HL, Bacharach JM et al (2014) Fibromuscular dysplasia: state of the science 
and critical unanswered questions: a scientific statement from the American Heart Association. 
Circulation 129:1048–1078

	84.	Olin JW, Froehlich J, Gu X et al (2012) The United States Registry for fibromuscular dyspla-
sia: results in the first 447 patients. Circulation 125:3182–3190

	85.	Pannier-Moreau I, Grimbert P, Fiquet-Kempf B et al (1997) Possible familial origin of multifo-
cal renal artery fibromuscular dysplasia. J Hypertens 15:1797–1801

	86.	Gowda MS, Loeb AL, Crouse LJ et  al (2003) Complementary roles of color-flow duplex 
imaging and intravascular ultrasound in the diagnosis of renal artery fibromuscular dysplasia: 
should renal arteriography serve as the “gold standard”? J Am Coll Cardiol 41:1305–1311

	87.	Prasad A, Zafar N, Mahmud E (2009) Assessment of renal artery fibromuscular dysplasia: 
angiography, intravascular ultrasound (with virtual histology), and pressure wire measure-
ments. Catheter Cardiovasc Interv 74:260–264

	88.	Touze E, Oppenheim C, Trystram D et al (2010) Fibromuscular dysplasia of cervical and intra-
cranial arteries. Int J Stroke 5:296–305

	89.	Savard S, Azarine A, Jeunemaitre X et al (2013) Association of smoking with phenotype at 
diagnosis and vascular interventions in patients with renal artery fibromuscular dysplasia. 
Hypertension 61:1227–1232

	90.	O’Connor S, Gornik HL, Froehlich JB et al (2016) Smoking and adverse outcomes in fibro-
muscular dysplasia: US Registry Report. J Am Coll Cardiol 67:1750–1751

	91.	Trinquart L, Mounier-Vehier C, Sapoval M et al (2010) Efficacy of revascularization for renal 
artery stenosis caused by fibromuscular dysplasia: a systematic review and meta-analysis. 
Hypertension 56:525–532

	92.	Raju MG, Bajzer CT, Clair DG et al (2013) Renal artery stent fracture in patients with fibro-
muscular dysplasia: a cautionary tale. Circ Cardiovasc Interv 6:e30–e31

	93.	Kiando SR, Barlassina C, Cusi D et al (2015) Exome sequencing in seven families and gene-
based association studies indicate genetic heterogeneity and suggest possible candidates for 
fibromuscular dysplasia. J Hypertens 33:1802–1810

	94.	Toubiana L, Ugon A, Giavarini A et al (2015) A “pivot” model to set up large scale rare dis-
eases information systems: application to the Fibromuscular Dysplasia Registry. Stud Health 
Technol Inform 210:887–891

	95.	Lerman LO, Textor SC (2015) Gained in translation protective paradigms for the poststenotic 
kidney. Hypertension 65:976–982

25  Renovascular Hypertension


	25: Renovascular Hypertension
	25.1	 Pathophysiology of Renovascular Hypertension
	25.2	 Atherosclerotic Renovascular Disease
	25.2.1	 Epidemiology
	25.2.2	 Clinical Presentation
	25.2.3	 Diagnostic Evaluation
	25.2.4	 Screening and Diagnostic Tests
	25.2.5	 Therapy
	25.2.5.1	 Medical Management
	25.2.5.2	 Angioplasty With or Without Stenting
	25.2.5.3	 Surgical Revascularization

	25.2.6	 Future Perspectives

	25.3	 Renal Artery Stenosis Due to Fibromuscular Dysplasia
	25.3.1	 Definition, Prevalence, and Classification
	25.3.2	 Clinical Presentation
	25.3.3	 Diagnosis
	25.3.4	 Screening for FMD Lesions of Other Vascular Beds
	25.3.5	 Therapy
	25.3.5.1	 Medical Management
	25.3.5.2	 Angioplasty With or Without Stenting

	25.3.6	 Future Perspectives

	References


