




Renal Artery Stenosis



Defined as a narrowing of one or both 
renal arteries or their branches 
Most commonly caused by atherosclerosis
Less frequently caused by fibromuscular
dysplasia
90% of lesions are ostial
Prevalence increases with age



Dworkin et al. NEJM 2009



Prevalence of clinically manifested 
atherosclerotic renal-artery stenosis in the 
Medicare population is 0.5% overall and 
5.5% among patients with chronic kidney 
disease 
patients with renal-artery stenosis had 
significantly increased rates of CKD (25%, 
vs. 2%), CAD (67% vs. 25%), stroke 
(37% vs. 12%), and PVD (56% vs. 13%), 

Karla et al. Kidney Int 2005



Increased risk of cardiovascular events may 
be due to:
concomitant atherosclerosis in other 

vascular beds
activation of the renin–angiotensin–

aldosterone and sympathetic nervous 
systems
associated renal insufficiency

Dworkin et al. NEJM 2009



Classic clues suggestive of RAS
The onset of stage 2 hypertension after 50 
years of age 
Hypertension associated with renal 
insufficiency
Hypertension with repeated hospital 
admissions for heart failure
Drug-resistant hypertension

Dworkin et al. NEJM 2009



Diagnosis



Dworkin et al. NEJM 2009



51 hypertensive patients were studied:
16 with Uni-RAS
16 with Bi-RAS 
19 essential hypertensive pts with normal 
arteries
Nineteen normotensive individuals were also 
studied  
Ald/PRA lower than 0.5 and Ald/PRA higher than 
3.7 to have the best sensitivity and specificity to 
detect Uni-RAS and Bi-RAS, respectively 

Kotliar et al. Journal of Hypertension Feb 2010



Kotliar et al. Journal of Hypertension Feb 2010



Kotliar et al. Journal of Hypertension Feb 2010



Mechanisms of kidney injury



The decrease in renal perfusion and 
function does not correlate with the 
angiographic degree of stenosis
The decrease in renal perfusion in patients 
with atherosclerotic RAS exceeds that 
incurred in age- and treatment-matched 
patients with fibromuscular dysplasia with 
a similar degree of stenosis

Lerman et. Al Progress in Cardiovascular Disease 2009



Endothelial injury

Reduced bioavailability of the vasodilator 
nitric oxide

Increased activity of vasoconstrictors

Lerman et. Al Progress in Cardiovascular Disease 2009



Renal microvessels are susceptible to 
noxious insults including

Ischemia
low shear stress
Oxidized low-density lipoprotein (ox-LDL) 

Lerman et. Al Progress in Cardiovascular Disease 2009



Endothelial dysfunction is accompanied by 
increased generation of reactive oxygen 
species and oxidative stress which causes

Increased renal vascular tone
Increased sensitivity to vasoconstrictors
Endothelial dysfunction

Lerman et. Al Progress in Cardiovascular Disease 2009



ROS decreases bioavailability of nitric 
oxide and results in formation of the pro-
oxidant peroxynitrite
Which allows intrarenal vasopressors like 
angiotensin II and endothelin-1 to 
predominate

Lerman et. Al Progress in Cardiovascular Disease 2009



Chade et. Al Hypertension 2005



RAS causes renal injury partly via 
microvascular endothelial dysfunction and 
damage
VEGF is crucial for preservation of 
microvasculature and promotes vascular 
proliferation and endothelial repair  
Microvascular rarefaction is associated 
with decreased VEGF in the kidney 
exposed to chronic RAS, accompanied by 
deteriorated renal function and fibrosis 

Iliescu, R. et al. Nephrol. Dial. Transplant. 2009



Unilateral RAS was induced in 16 pigs
In eight, VEGF (0.05 micrograms/kg) was 
infused intra-renally at the onset of RAS
After 6 weeks, single-kidney 
haemodynamics and function were 
assessed 
Pre-emptive administration of VEGF 
preserved MV architecture, attenuated 
fibrosis and normalized RBF and GFR 

Iliescu, R. et al. Nephrol. Dial. Transplant. 2009



Iliescu, R. et al. Nephrol. Dial. Transplant. 2009

Representative 3D tomographic images of the kidney and quantification of microvascular density 
of the renal cortex and medulla (top); quantification of renal expression of integrin {beta}3 in 

Normal, RAS and RAS treated with intra-renal VEGF (RAS + VEGF) kidneys (bottom)



Management



Medical management
Because the renin–angiotensin–aldosterone
system is often activated, a regimen including an 
inhibitor of this system is recommended in most 
patients 
Renal failure secondary to a RAAS inhibitor is 
only seen in some patients with bilateral severe 
stenosis, high-grade stenosis in one kidney, or 
advanced chronic kidney disease 
Recent data from a large cohort of patients with 
RAS suggested a reduced risk of death among 
patients treated with an ACE inhibitor 

Dworkin et al. NEJM 2009





Surgical revascularization can result in 
durable relief of renal-artery stenosis
however mortality with the procedure can 
reach up to 10%
Comparison between balloon angioplasty 
and surgery shows that both have similar 
effects on renal function and blood 
pressure

Dworkin et al. NEJM 2009



There are high rates of improvement in blood 
pressure with angioplasty among patients with 
fibromuscular dysplasia 
Predictors of a favorable outcome of angioplasty 
include:
An age younger than 40 years at diagnosis 
A duration of hypertension of less than 5 years
A systolic blood pressure of less than 160 mm 

Dworkin et al. NEJM 2009



A meta analysis of three trials involving a total of 210 
patients with RAS and poorly controlled HTN showed that 
compared with medical therapy pts who underwent 
angioplasty had:

Better BP control (7 mm systolic and 3 
mm diastolic)
Similar kidney function
Used fewer antihypertensive medications
Fewer major cardiovascular and 
renovascular complications 

Nordmann et. Al Am J Med. 2003 



STAR trial



Eligibility criteria
Impaired renal function defined as a 
creatinine clearance less than 80 mL/min 
Ostial ARAS defined as a reduction in the 
luminal diameter of the renal artery of 
50% or more within 1 cm of the aortic 
wall in the presence of atherosclerotic 
changes in the aorta 
Have controlled blood pressure



Bax L et al. Ann Intern Med 2009



Bax L et al. Ann Intern Med 2009



Bax L et al. Ann Intern Med 2009



Complications
2 deaths secondary to procedure-related 
causes
Groin infection requiring surgical 
reconstruction with pt subsequently 
developing multi organ failure and dying 6 
months after the procedure
2 pts developed false renal artery 
aneurysm
5 pts sustained injury to the kidney or 
renal artery

Bax L et al. Ann Intern Med 2009



ASTRAL trial













There were no significant differences in 
the primary outcome in any of the 
subgroups defined according to:
the serum creatinine level
estimated glomerular filtration rate
severity of renal-artery stenosis
kidney length
previous rate of progression of renal 
impairment  



38 periprocedural complications were reported in 
31 of the 359 patients (9%) who underwent 
revascularization 
Nineteen of these events (in 17 patients) were 
considered to be serious complications 
55 (20%) had an adverse event between 24 
hours and 1 month after the procedure, 12 
events (in 11 patients) were considered to be 
serious
2 deaths (both from cardiac causes)
4 cases of groin hematoma or hemorrhage requiring 
hospitalization
5 cases of clinically significant acute kidney injury

1 renal-artery occlusion



Conclusion



Revascularization is performed in 16% of patients 
with newly diagnosed atherosclerotic 
renovascular disease in the US
Since endovascular interventions are associated 
with substantial morbidity, inconvenience, and 
cost, with little apparent benefit, the widespread 
use of such procedures should be questioned
There will also be little value in screening 
asymptomatic patients who have atherosclerosis 
and chronic renal disease or hypertension for 
renovascular disease 
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