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A, Angiogram from a patient with FMD with 
lesions characteristic of medial fibroplasia. The 
“string-of-beads” appearance typically develops in 
the mid portion of the vessel from circumferential 
webs within the vessel. These lesions may 
progress, particularly in smokers. 
 
  
 
 
 
 
 
 
B, MRA from an individual with atherosclerotic 
disease affecting the renal arteries. These 
lesions commonly arise near the ostium of the 
vessel and may be an extension of aortic plaques. 
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Schematic summary of the clinical manifestations  
of renovascular disease 
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Pressor mechanisms 
identified in renovascular hypertension 

Garovic V.D. and Textor S.C., Circulation. 2005; 112: 1362-1374  



Depiction of phases observed in experimental 
renovascular hypertension 

Brown J.J. et al., Lancet, 1976, 1, 1219-1221 
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Measured fall in arterial pressure  and blood flow   

across stenotic vascular lesion induced in experimental animals 
 

These data indicate that „critical” lesions require 70-80% luminal obstruction 

before hemodynamic effects can be detected 

(A) (B) 



Hemodynamic consequences of renal artery stenosis 
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Pathogenesis of ischemic nephropathy 

Adamczak M., Wiecek A., Nefrologia,  2012;32:432-438 



Three-dimensional tomographic images of the cortical 
microcirculation in sham, RAS, and RAS + PTRA pigs 

Favreau F.D. et al., Kidney Int.;2010 78: 1110–1118 



Proposed mechanisms for CD40/sCD40L signaling in the 
proximal tubule contributing to the development of renal 

injury in atherosclerotic renal artery stenosis 

Haller S.T., Discov. Med., 2013, 16: 255-260  
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Pathophysiology of ischemic nephropathy 



Textor S.C. et al.  Kidney Int., 2012, 83, 28-40 

Blood Oxygen Level–Dependent (BOLD) magnetic resonance imaging technique  



Cortical hypoxia and inflammation develop in severe 
Atherosclerotic Renovascular Disease (ARVD) 

Textor S.C., and Lerman L.O., J. Am. Soc. Nephrol., 2015, 26: 2074–2080 
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High grade atherosclerotic stenosis of left renal artery (A); 
result after stent placement (B) 



Diagnostic work up of patients  
with suspected renal artery stenosis in 2015 

 x 

- BOLD? 
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Serum creatinine values in a 63-year-old man with coronary disease and 
congestive cardiac failure subjected to bilateral PTRA 

Garovic V.D. and Textor S.C., Circulation. 2005; 112: 1362-1374  



Angiograms and blood pressures in a 
63-year old man with incidentally 

identified renal artery stenosis during 
coronary angiography 

Garovic V.D. and Textor S.C., 
 Circulation. 2005; 112: 1362-1374  



Serum creatinine levels from 1 year before to 
1 year after renal revascularization 

Textor S.C., Clin J Am Soc Nephrol., 2014,  9: 1117–1123 



Textor S.C., Curr. Opin. Nephrol .Hypertens., 2013, 22,525–530  

Renal angiograms and serial serum creatinine values during a 6-week 
time period obtained for a 62-year-old diabetic patient 



Serum creatinine concentration increased on four occasions in association with 

angiotensin converting enzyme inhibition, leading to dialysis, then remained stable 

despite patient taking angiotensin converting enzyme inhibitor after dilation and 

stenting of right renal artery.  

Brit. Med. J. 2003, 326,489-491   



Renal arteriogram showing occlusion of left renal artery (left) and tight stenosis of right renal artery 

before (arrowed) and after stenting (right) 

Brit. Med. J. 2003, 326,489-491   



Serum creatinine concentration increased on four occasions in association with 

angiotensin converting enzyme inhibition, leading to dialysis, then remained stable 

despite patient taking angiotensin converting enzyme inhibitor after dilation and 

stenting of right renal artery.  
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Mean (±SEM) change in MAP and the number 
of antihypertensive drugs taken after the correction of RAS, 
according to resistance index values before revascularization 
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Mean changes in creatinine clearance after the correction of RAS, 
according to resistance index values before revascularization 



Injury pathways and targets in Atherosclerotic 
Renovascular Disease (ARVD) 

Textor S.C., and Lerman L.O., J. Am. Soc. Nephrol., 2015, 26: 2074–2080 
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Kaplan-Meier plots of freedom from requiring renal replacement therapy for 550 
patients with variable pre-treatment levels of estimated GFR after technically 

successful renal artery angioplasty and stenting 

Textor S.C. et al., Kidney Int., 2013; 83: 28–40 



ASTRAL Trial protocol 

Diagnosis of ARVD  
(Unilateral or Bilateral) 

Revascularisation not contraindicated 

 
Randomisation 

No revascularisation 
 

Medical Treatment only 

Revascularisation 
 

with angioplasty and/or stent  

(and medical treatment) 

Uncertain whether to revascularise 

Kalra P. N. Engl. J. Med., 2009, 361,1953-62 
 



ASTRAL - Patients characteristic – 
 percent of lumen stenosis 

Mean stenosis =76% (20-100%)
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ASTRAL - Systolic and diastolic blood pressure in patients with renal 
artery stenosis treated with revascularization or medical therapy alone 

Kalra P. N. Engl. J. Med., 2009, 361,1953-62 
 



ASTRAL - Renal function in patients with renal-artery stenosis treated  
with revascularization or medical therapy alone 

Kalra P. N. Engl. J. Med., 2009, 361,1953-62 
 



ASTRAL - Kaplan–Meier curves for the time   
to the first renal events 

Kalra P. N. Engl. J. Med., 2009, 361,1953-62 
 



ASTRAL - Kaplan–Meier curves for the time 
 to the first cardiovascular events 

Kalra P. N. Engl. J. Med., 2009, 361,1953-62 
 



ASTRAL  
Kaplan–Meier curves for overall survival 

Kalra P. N. Engl. J. Med., 2009, 361,1953-62 
 





Cooper C. J. et al., N. Engl.J. Med., 2014, 370, 13 - 22 

The CORAL Study 
Kaplan–Meier Curves for the Primary Outcome 



Cooper C. J. et al., N. Engl. J. Med., 2014, 370, 13 - 22 

The CORAL Study: 
Forest Plot of Treatment Effects within Subgroups                 





Renal artery revascularization: 
 updated metaanalysis with the CORAL trial summary estimates of 
cardiovascular outcomes for revascularization vs medical therapy 

Oparil S. and Schmieder R., Circ. Res., 2015, 116:1074-1095   



Renovascular Hypertension Revisited: 
To intervene or not? 

 The decision to revascularize the renal artery in atherosclerotic 
renal artery stenosis usually is made with the assumption that 
ischemia is partially responsible for the decrease in kidney function 
and that correcting the stenosis and restoring kidney perfusion will 
stabilize or improve glomerular filtration 
 

 The aim with this type of treatment ultimately is to avoid or at least 
delay the need for RRT. However, kidney function may continue to 
decrease even if revascularization is successful. This highlights how 
complex the physiopathology of ischemic nephropathy is because it 
includes an important intrarenal (parenchymal) component that is 

     affected by risk factors for atherosclerosis 

Boehlke M. and Correa Barcellos F., Am J Kidney Dis., 2015, 65: 611-622  



Renovascular Hypertension Revisited: 
To intervene or not? 

Boehlke M. and Correa Barcellos F., Am J Kidney Dis., 2015, 65: 611-622  

 Therefore, the assumption that restoring renal artery 
patency always protects the kidney is false. In addition, 

sometimes the revascularization procedure causes a 
worsening of kidney function, in addition to the high 
risk of major complications and increased economic 

costs associated with the procedure 



Renovascular Hypertension Revisited: 
To intervene or not? 

Boehlke M. and Correa Barcellos F., Am J Kidney Dis., 2015, 65: 611-622  

 Based on current evidence, patients with good BP control, stable 
kidney function, and no recurrent flash pulmonary edema should be 
treated with medical therapy only. The medical therapy should 
include ACE inhibitors or ARBs, with additional antihypertensive 
drugs aimed at adequate BP control, antiplatelet therapy, HMG-CoA 
(3-hydroxy-3-methylglutaryl coenzyme A) reductase inhibitors, 
antidiabetic therapy if indicated, and smoking cessation.  
 

 In addition, there seems to be little value in screening for 
atherosclerotic renal artery stenosis in asymptomatic patients who 
have atherosclerosis and CKD or hypertension, including the current 
practice of “drive-by” angiography, or even screening low-risk 
symptomatic patients who have a good response to medical therapy  



Renovascular Hypertension Revisited: 
To intervene or not? 

Boehlke M. and Correa Barcellos F., Am J Kidney Dis., 2015, 65: 611-622  

 High-risk patients, such those with recurrent flash 
pulmonary edema, rapidly declining kidney function, or 
refractory hypertension, may benefit from 
revascularization, but there is no definitive evidence.  
 

 Each case must be discussed with the patient and his or 
her family, weighing the potential benefits with the 
procedure risks. If revascularization is chosen, 
angioplasty with stent placement is the preferred 
method, considering its similar results when compared 
with surgery, with fewer complications and less costs and 
the lower rate of restenosis after stent placement. 



Factors favoring medical therapy plus 
revascularization for renal artery stenosis: 

 

 Progressive decline in GFR during treatment of hypertension 
 

 Failure to achieve adequate BP control with optimal medical 
therapy 
 

 Rapid or recurrent decline in GFR in association with a reduction 
in systemic pressure 
 

 Decline inGFR during therapy with ACE inhibitors or ARBs 
 

 Recurrent congestive heart failure in a patient in whom left 
ventricular failure does not explain the cause (flash pulmonary 
edema) 

Textor S.C., Clin J Am Soc Nephrol., 2014,  9: 1117–1123 



Factors favoring medical therapy and surveillance of 
renal artery disease 

 

 Controlled BP with stable renal function 
 
 Stable renal artery stenosis without progression on surveillance 

studies (e.g., serial duplex ultrasound) 
 
 Advanced age and/or limited life expectancy 
 
 Extensive comorbidities that make revascularization too risky 
 
 High risk for or previous experience with atheroembolic disease 
 
 Other concomitant renal parenchymal diseases that cause 

progressive renal dysfunction (e.g., diabetic nephropathy) or 
severely reduced kidney size (< 7.0 cm) 

Textor S.C., Clin J Am Soc Nephrol., 2014,  9: 1117–1123 



Indications for Renal Revascularization 

Garovic V.D. and Textor S.C., Circulation. 2005; 112: 1362-1374  



Diagnostic procedure in patients  
with suspected renal artery stenosis  

 The past: 
– Captopril test  
– Captopril renogram 

 
 

 The present time: 
– Colour Doppler Sonography (CDS) 
– Computed Tomography Angiography (CTA) 
– Magnetic Resonance Tomography Angiography (MRA) 

 

 The future 
– BOLD- Magnetic Resonance Imaging (MRI) 





Potential markers of cardiovascular-renal events (CVRE)  
in patients with renal artery stenosis  

Ogawa S. et al.,Circ. J., 2013; 77: 2816 – 2822 



Potential causes of renal artery stenosis 

Plouin P. et al. Nat. Rev. Nephrol., 2011, 6, 151-159 

 Atherosclerosis 

 Fibromuscular dysplasia 

– Medial (string-of-beads appearance) 

– Nonmedial (unifocal or tubular lesions) 

 Arteritis 

– Takayasu arteritis 

– Polyarteritis nodosa 

– Kawasaki disease 

 Rare diseases (mostly reported in children) 

– Familial diseases: type 1 neurofibromatosis, tuberous sclerosis, pseudoxanthoma 
elasticum, vascular Ehlers–Danlos syndrome, Alagille syndrome, Marfan syndrome, 
Williams syndrome, Turner syndrome 

– Idiopathic mid-aortic syndrome 

 Miscellaneous causes 

– Renal artery spasms induced by sympathomimetic agent or ergot alkaloid abuse 

– Segmental arterial mediolysis 

– Extrinsic compression 



 



Color duplex sonography of right-sided 
 ostial renal artery stenosis 

High peak systolic velocity of 3.36 m/s is obtained within in the stenosis. The green color indicates high 

blood flow velocity with turbulences near the stenosis. Low mean resistive index(RI=47) of the right 

kidney is an indirect sign of significant stenosis 

Krumme B. and Donauer J. Kidney Int. 2006: 70:1543-7  



Clinical results depend on the degree of blood flow 
reduction tissue hypoxia and the level of inflammatory 

and fibrotic injury 

Textor S.C., and Lerman L.O., J. Am. Soc. Nephrol., 2015, 26: 2074–2080 
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Probability of not experiencing a cardiovascular-renal 
events (CVRE) over time 

Ogawa S. et al.,Circ. J., 2013; 77: 2816 – 2822 



Schematic of pressor mechanisms 
identified in renovascular hypertension 

Garovic V.D. and Textor S.C., Circulation. 2005; 112: 1362-1374  



Kalra P. et al., Kidney Int., 2010, 77, 37–43 

Unadjusted hazard ratios, with 95% confidence intervals, for atherosclerotic 
renovascular disease (ARVD) by calendar year, with 1992 as reference category 



Overview of clinical  trials  
PTRA vs medical treatment 

  EMMA 1 Scottish 2 DRASTIC 3 
 
No. randomized 49 55 106 
Stenosis grade ≥ 60 % ≥ 50 % ≥ 50 % 
% bilateral 0 51 25 
Main outcome 6 mo ABP 6 mo OBP 12 mo OBP 
Differences 
 - in final BP NS NS NS 
 - in Rx score p<0.01  p<0.01  p<0.01 

1 Plouin et al., Hypertension 1998. 2 Webster et al., J Human Hypertens 1998 

3 van Jaarsveld et al.,N Engl J Med 2000 



Stent placement in patients with atherosclerotic renal artery stenosis 
and impaired renal function – STAR  Trial 

Bax L et al. Ann Intern 
Med. 2009;150:840-848 

140 patients with creatinine 
clearance  
less than  80 mL/min  
per 1.73 m2  
and ARAS of 50% or greater 



Bax L et al. Ann Intern Med. 2009;150:840-848 

Survival curves for the primary end point 
during 2 years of follow-up 

Survival curves for the primary end point plus 
death during 2 years of follow-up 

STAR -Trial 



In conclusion, this study demonstrates that nonatherosclerotic CAS alone 
augments renal inflammation, increases systemic and renal oxidative stress, and 
elicits renal injury and dysfunction. Coexistence of CAS and HT aggravates renal 
microvascular injury and consequently tissue hypoxia, it synergistically magnifies 
kidney fibrosis, and it may thereby contribute to increased incidence of renal 
failure seen when CAS and HT coexist. These observations underscore the cross 
talk between the myocardium and the kidney and the need for careful screening 
in order to assess the relative risk and to ensure adequacy of management in 
patients with concurrent CAS and HT, regardless of the atherosclerosis burden. 

Sun D. et al., Kidney Int., 2015,  87, 719–727   
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Prevalence of high-risk presentations of 
atherosclerotic renovascular disease 

 Ritchie J., Alderson H.V., Kalra Ph. A. Curr. Opin. Nephrol. Hypertens. 2014, 23:525–532 



The "string-of-beads" feature 
 in medial fibromuscular dysplasia 

Plouin P. et al., Orphanet Journal of Rare Diseases 2007, 2, 28 



 X 

J.  Hypertens., 2014 , 32: 1367-1378, 



Proposed algorithm for establishing the diagnosis of 
fibromuscular dysplasia (FMD) of the renal arteries 

Persu A. et al., J. Hypertens., 2014, 32: 1367-1378 



 In contrast to atherosclerotic renal artery stenosis, a 
systematic review and meta-analysis of patients with 
fibromuscular dysplasia as cause of renal artery 
stenosis revealed that percutaneous transluminal 
angioplasty alone (without stenting) improves BP 
control or even cures hypertension. 
 

 Further, BP outcome was inversely associated with age. 
Hence, the European consensus on the diagnosis and 
management of fibromuscular dysplasia proposes 
revascularization for hypertension because of 
fibromuscular dysplasia, especially in patients with 
recent onset hypertension or TRH. 

Fibromuscular Dysplasia 


