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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. 

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

Two forms of renal artery leasions 



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

Schematic summary of the clinical manifestations  
of renovascular disease 



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

Schematic summary of the clinical manifestations  
of renovascular disease 



Herrmann S.M.S., Saad A., Stephen C. Textor S.C, Nephrol. Dial. Transplant., 2015, 30: 366–375 

Spectrum of renovascular disease manifestations   





Pressor mechanisms 
identified in renovascular hypertension 

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





May AG. et al.: Surgery, 1963, 54, 250-259 
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Measured fall in arterial pressure  and blood flow   

across stenotic vascular lesion induced in experimental animals 
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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 
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Hemodynamic consequences of renal artery stenosis 
(MRI method) 

Schoenberg SO, Bock M, Kallinowski F, Just A. J Am Soc Nephrol. 2000 ;12::2190-8 
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Depiction of phases observed in experimental 
 renovascular hypertension 

Brown J.J. et al., Lancet, 1976, 1, 1219-1221 



Pathogenesis of ischemic nephropathy 

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



At the early stage of renal injury, compensatory mechanisms induce MV 
proliferation, but abnormal MV structure and function, continuous oxidative stress, 

and accumulation of extracellular matrix (ECM) subsequently result in MV loss 

          Lerman L.O. and Chade A. R. , Curr. Opin. Nephrol. Hypertens., 2009; 18: 160–165 

Chronic renal ischemia 



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 



Representative three-dimensional reconstruction of the renal microvascular 
architecture (using microcomputed tomography) and renal morphology (trichrome 

staining) showing opposing changes in microvascular architecture in early 
atherosclerosis compared with chronic ischemia 

Microvascular rarefaction in particular is accompanied by severe renal fibrosis  

          Lerman L.O. and Chade A. R. , Curr. Opin. Nephrol. Hypertens., 2009; 18: 160–165 



 
 
 
 
 

Representative microcomputed tomography images showing the intrarenal 
microvasculature in lean, obese, renal artery stenosis (RAS), and obese RAS 
pigs. Microvascular density is markedly decreased in obese RAS kidneys 
compared with RAS alone, suggesting aggravated microvascular loss 

Zhang X. and Lerman L.O., Am. J. Physiol., 2015, 309: F273–F279 



 
 
 
 
 

Potential mechanisms by which obesity 
 promotes kidney injury in the post-stenotic kidney 

Zhang X. and Lerman L.O., Am. J. Physiol., 2015, 309: F273–F279 



Micro-CT images of the kidney in experimental 
Atherosclerotic Renal Artery Stenosis  (ARAS) 

Micro-CT images of the kidney in experimental ARAS showing improved 
microvascular architecture in post-stenotic kidney treated with mesenchymal 

stem cell (MSC) in addition to renal revascularization. 

Saad A et al. Physiology, 2015,  30: 175–182 



 
 

Multiple mechanisms responsible for renal dysfunction in chronic renal 

artery stenosis induced by renal artery clipping model and the effects of 

mesenchymal stem cell (MSC) treatment  

     Oliveira-Sales E.B. and Boim M.A., Am. J. Physiol. 2016,  310:  F6–F9 



Sun D. et al., Kidney Int., 2015,  87, 719–727   



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  



Schematic of multiple mechanisms responsible 
 for renal dysfunction in renal artery stenosis 

Saad A et al. Physiology, 2015,  30: 175–182 



Oxygenation levels are lower in the stenotic kidney as compared to 
the nonstenotic contralateral kidney: Representative coronal 

blood oxygen level-dependent images 

Herrmann S.M.S et al., Clin. J. Am. Soc. Nephrol., 2016, 11: 458–469 



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

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



CT angiographic images of the right kidneys illustrating three 
patients with 1) no renal artery stenosis, 2) moderate renal 
artery stenosis, and 3) severe renal artery stenosis. Below 
each at bottom are Blood Oxygen Level-Dependent (BOLD) 

Saad A et al. Physiology, 2015,  30: 175–182 



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 



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



Intrarenal Doppler measurement 

Intrarenal RI  of 51 is determined in the Doppler flow pattern of a kidney with 
proximal RAS. The ‘tardus-parvus’-flow pattern reveals low peak systolic and high 

end diastolic velocity resulting in low RI-values from 42 to 53. 

Krumme B. and Hollenbeck M., Nephrol. Dial. Transplant., 2007, 22: 692–696 



Diagnostic work up of patients  
with suspected renal artery stenosis in 2017 

 x 

- BOLD? 



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 
 



CKD-EPI eGFR (ml/min./1.73m2) in randomized treatment 
groups of the CORAL Trial 

Tuttle K.R. et. al., Clin J Am Soc Nephrol., 2016, 11: 1180–1188  



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 meta-analysis 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   



Current. Opin. Nephrol. Hypertens., 2014, 23, 525-532 



Radermacher J. et al   N. Eng. J. Med., 2001, 344, 410-417 

Mean (±SEM) change in MAP and the number 
of antihypertensive drugs taken after the correction of RAS, 
according to resistance index values before revascularization 



Radermacher J. et al   N.Eng. J. Med., 2001, 344, 410-417 

Mean changes in creatinine clearance after the correction of RAS, 
according to resistance index values before revascularization 



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 



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 in GFR 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 



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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