
18th BANTAO 
congress

Atherosclerotic Renal Artery Stenosis: 
an update on treatment

recommendations

Marieta Theodorakopoulou, MD, MSc

1st Department of Nephrology, Hippokration Hospital

Aristotle University of Thessaloniki, Greece



18th BANTAO 
congress

Disclosures

Nothing to disclose 



18th BANTAO 
congress

Atherosclerotic Renal Artery Stenosis 

Epidemiology
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Atherosclerotic RAS Fibromuscular dysplasia

Renal artery stenosis

90-95%

5-10%
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Prevalence of ARVD

N=870 patients age>65 y
Renal doppler ultrasonography

Hansen et al, J Vasc Surg 2002
Buller et al, J Am Coll Cardiol 2004
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Prevalence of ARVD in high risk groups

de Mast & Beutler. J Hypertens 2009
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Overall prognosis of ARVD

Kalra et. al, Kidney Int 2005

5% random sample of 
the US Medicare 
population
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Prognosis of ARVD in CKD

• The risk of death among patients with ARVD markedly exceeds the risk of 
progression to dialysis (44% vs 16% over a median 4 of years). 

• The risk of death of CKD patients with ARVD compared to other causes is 1.5 times 
higher in patients not receiving dialysis therapy and >3 times higher in those in 
dialysis.

• The risk of progression to dialysis was similar between ARVD and non-ARVD 
patients

Richie et al. Nephrology (Carlton) 2017 

Before dialysis ARVD vs non-ARVD had:
- increased risk for death (HR 1.5 (1.2–1.8), P < 0.001) 

After dialysis ARVD vs non-ARVD had:
- increased risk for death (HR 3.3 (2.2-5.0), P < 0.001)

ARVD

ARVD

nonARVD

nonARVD
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Prognosis of ARVD by clinical presentation

n= 467 patients with ARAS ≥50%,

Richie et al. Am J Kidney Dis 2014
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Atherosclerotic Renal Artery Stenosis 

Pathophysiology
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Pathophysiology 

Textor S, Greco B. Renovascular Hypertension and Ischaemic Renal Disease. In: Floege J, Johnson RJ, Feehally J (eds). Comprehensive Clinical Nephrology, 4th 
Edn. Mosby Elsevier, Philadelphia, PA, 2010

“1 clip – 2 kidney hypertension” “1 clip – 1 kidney hypertension”



18th BANTAO 
congress

Pathophysiology: importance of stenosis grade

Textor S, Greco B. Renovascular Hypertension and Ischaemic Renal Disease. In: Floege J, Johnson RJ, Feehally J (eds). Comprehensive Clinical 
Nephrology, 4th Edn. Mosby Elsevier, Philadelphia, PA, 2010
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Irreversible parenchymal HTN:

• Prolonged exposure to high BP and high 

levels of ATII causes widespread arteriolar 

damage and glomerulosclerosis in the 

contralateral kidney.

• Corrective surgery for unilateral RVH was 

successful in 78% of those with HTN of 

less than 5 years duration but in only 25% 

of those with HTN of a longer duration.

Pathophysiology of ARVD: importance of time
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Pathways leading to kidney injury beyond “critical” levels of RAS

Hicks et al. Am J Kidney Dis 2022 



18th BANTAO 
congress

Atherosclerotic Renal Artery Stenosis 

Diagnosis
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Clinical presentations

Hypertension • Sudden onset or worsening of existing hypertension

• Grade III hypertension (especially in the presence of other cardiovascular

risk factors or atherosclerotic disease in other circulatory beds)

• Resistant hypertension

Kidney Disease • Atrophic kidney or size difference > 1.5 cm between kidneys

• Rapid, unexplained kidney function decline

• Decline in kidney function (eGFR) >30% after starting treatment with

ACEi/ARBs

• Increased albuminuria/proteinuria due to hypertensive damage in the

non-stenotic kidney in unilateral RAS

Heart failure • Repeated hospital admissions for decompensated heart failure with

preserved left ventricular function on echocardiography

• Sudden unexplained (“flash”) pulmonary edema

Sarafidis, Theodorakopoulou et al, Nephrol Dial Transplant 2023
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ARVD: imaging modalities

Sarafidis, Theodorakopoulou et al. Nephrol Dial Transplant 2023
Hicks et al. Am J Kidney Dis 2022 

Severe/significant: RAS > 70%

Moderately severe: RAS 50–70% + confirmation 

of the haemodynamic severity (translesional

resting/hyperemic or mean systolic gradient ≥20 

or 10 mmHg, RFFR ≤0.8) 
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Atherosclerotic Renal Artery Stenosis 

Management
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Revascularization vs Medical Therapy in ARVD

35

Theodorakopoulou et al. Clin Kidney J 2022
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Standard Medical Therapy

• BP control

• Multiple drug regimens

• ACEi / ARBs : 

• First choice– Reduction in mortality

• Generally well tolerated

• Stability of GFR (>30% increase = ? critical stenosis)

• Calcium Channel Blockade / Diuretic

• ↓ CV risk: statins, antiplatelets, smoking cessation, exercise, weight loss

Van der Niepen et al. Curr Hypertens Rep 2017;Hicks et al. Am J Kidney Dis 2022; Sarafidis et al. Nephrol Dial Transplant 2023 
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Preliminary observational studies

Watson PS et al. Circulation. 2000Burket MW et al. Am Heart J. 2000

N=127 pts

F-up 15 months

61 vessels in 33 patients
F-up 20 months
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PTRA effects on BP: Evidence from RCTs
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PTRA effects on renal and CV outcomes: Evidence from RCTs



International Society of Nephrology 
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Criticism of RCTs in ARVD field

• Non-standardized inclusion criteria

• N=806 patients 

• 1) they had “substantial” anatomical ARAS in 

at least one renal artery that was considered 

potentially suitable for endovascular 

revascularization and 

• 2) if the patient’s doctor was “uncertain” the 

patient would definitely have a worthwhile 

clinical benefit from revascularization

• median follow-up period 34 months

• primary endpoint: change in mean slope of 

reciprocal of Scr

Van der Niepen et al. Curr Hypertens Rep 2017; Pappacoggli et al. Hypertension 2023; Sarafidis et al. Nephrol Dial Transplant 2023 
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Criticism of RCTs in ARVD field

• Non-standardized inclusion criteria

• Low event rates of major outcomes

• No criterion relevant to time

• High crossover rates between treatment arms

Group A: 56 patients assigned to angioplasty

54 underwent angioplasty

2 received a stent

Group B: 50 patients assigned to drug therapy

22 underwent angioplasty (after 3 months)

DRASTIC
N=106 pts, 12 months f-up

Van der Niepen et al. Curr Hypertens Rep 2017; Pappacoggli et al. Hypertension 2023; Sarafidis et al. Nephrol Dial Transplant 2023 
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Criticism of RCTs in ARVD field

• Non-standardized inclusion criteria

• Low event rates of major outcomes

• No criterion relevant to time

• High crossover rates between treatment arms

• Enrolment delays

• Protocol revisions during the trial

Van der Niepen et al. Curr Hypertens Rep 2017; Pappacoggli et al. Hypertension 2023; Sarafidis et al. Nephrol Dial Transplant 2023 
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BUT !!

A number of subsequent changes were made in the enrollment criteria during the course of the trial. The threshold of 155

mmHg for defining systolic hypertension was no longer specified. Patients who did not have systolic hypertension but who

had renal-artery stenosis could be enrolled if they had CKD, which was defined as an estimated glomerular filtration rate

(GFR) of less than 60 ml/ min/1.73 m2. Severe RAS could be identified with the use of duplex ultrasonography, MRA, or

CTA.
Cooper et al., N Engl J Med, 2014

Inclusion Criteria:

Severe RAS if they had SBP >155 mmHg while receiving two or more antihypertensive medications. Severe RAS was

defined angiographically as stenosis of at least 80% but less than 100% of the diameter or stenosis of at least 60% but less

than 80% of the diameter of an artery, with a systolic pressure gradient of at least 20 mm Hg.

CORAL Study
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Criticism of RCTs in ARVD field

• Non-standardized inclusion criteria

• Low event rates of major outcomes

• No criterion relevant to time

• High crossover rates between treatment arms

• Enrolment delays

• Protocol revisions during the trial

• Great variability between and within study protocols in imaging techniques of RAS 
diagnosis and evaluation, often resulting in overestimation of the degree of stenosis

From patients randomized to revascularization:

• 12/64 patients were falsely identified as having RAS >50% by noninvasive imaging

and did not ultimately had stenting

• 6/64 patients stenting was not performed for various reasons

• 22/64 patients had 50-70% stenoses (unlikely to benefit)

Van der Niepen et al. Curr Hypertens Rep 2017; Pappacoggli et al. Hypertension 2023; Sarafidis et al. Nephrol Dial Transplant 2023 
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Criticism of RCTs in ARVD field

• Non-standardized inclusion criteria

• Low event rates of major outcomes

• No criterion relevant to time

• High crossover rates between treatment arms

• Enrolment delays

• Protocol revisions during the trial

• Great variability between and within study protocols in imaging techniques of RAS diagnosis 
and evaluation, often resulting in overestimation of the degree of stenosis

• Inclusion of patients with mild/asymptomatic RAS, mild hypertension or advanced CKD

• Exclusion of patients with clinical presentation suggestive of critical RAS (recurrent 
flash pulmonary oedema, resistant hypertension, progressive renal function decline)

Van der Niepen et al. Curr Hypertens Rep 2017; Pappacoggli et al. Hypertension 2023; Sarafidis et al. Nephrol Dial Transplant 2023 
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Ongoing (?) RCTs

Pappaccogli et al. Hypertension 2023; Sarafidis et al, Nephrol Dial Transplant 2023 

Study ID Design-Intervention N Status Dates Outcome Measures

Comparison of stenting versus best 
medical therapy for treatment of 
ostial renal artery stenosis: a trial in 
patient with advanced 
atherosclerosis [NCT00711984]

RCT, Open Label

Endovascular therapy 
with Herkulink renal 
stent vs Best medical 
therapy

120 Unknown Study Start 2004 (No 
results available)

Change in BP
Change in renal function
Incidence of major CV events
Progression of RAS degree in the control group 
Incidence of renal restenosis in the stent group

Renal Stenting With Distal 
Atheroembolic Protection 
[NCT00868972]

Double masked RCT

Endovascular therapy 
with/without distal 
embolic protection

150 Unknown Study Start 2009
Study Completion 
2011
(No results available)

Change in renal function
Incidence of acute complication
Evaluation of covariates associated with a better outcome in the 
atheroembolic device group
Change in BP

RAVE study [NCT00127738] Single center RCT 
(pilot) 

Endovascular therapy 
vs Best medical therapy

20 Unknown Started 2007 (No 
results available)

Composite endpoint, death or dialysis or doubling of Scr, CV disease,
Change in BP
Change in antihypertensive drugs

METRAS study [NCT01208714] Multicenter RCT

Endovascular therapy 
vs
Best medical therapy

60 Unknown Study Start 2010 Change in eGFR as assessed by 99TcDTPA sequential renal scintiscan
Change in BP
Evaluation of overall renal function (including Ca2+ and PO43-
metabolism)
Regression of TOD

ANDORRA study [NCT02539810] Multicenter RCT

Endovascular therapy 
vs
Best medical therapy

140 Terminated Started 2015- stopped 
prematurely due to a 
lack of recruitment
(No results available)

Change in diurnal 24-h BP
Change in mean 24-h BP, home BP and office BP
Change in antihypertensive medication
CV events
Renal events
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Atherosclerotic Renal Artery Stenosis 

Observational real-world evidence
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High-risk phenotypes: PTRA vs medical therapy

n=467 pts with RAS>50%

Flash pulmonary oedema
Rapid kidney function decline
Resistant HYP

Richie et al. Am J Kidney Dis 2014

Flash Pulmonary Oedema RH or rapid GFR decline
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High-risk clinical phenotypes: Resistant hypertension

Courand et al., Hypertension 2019

n= 72 with resistant HYP (dABP >135/85 mm Hg on 3 drugs)
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High-risk clinical phenotypes: Heart failure

Kane et al. Nephrol Dial Transplant 2010

n= 163 with PTRAn= 152 (52 with previous APO) with RAS

Green et al., Nephrology 2018
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High-risk clinical phenotypes: rapid kidney function decline
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Atherosclerotic Renal Artery Stenosis 

Changes in recommendations
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Revascularization vs Medical Therapy in ARVD

Theodorakopoulou et al. Clin Kidney J 2022
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Revascularization indications

Strong indications

• High-grade (>70%) renal artery stenosis in association 

with one of the following criteria:

o Resistant hypertension 

o New-onset or recently uncontrolled hypertension 

o Acute pulmonary oedema or acute decompensated HF

o Rapid decline of eGFR (bilateral stenosis or solitary kidney)

o ACEi or ARB intolerance (≥30% eGFR reduction) 

o replacement treatment (with possibly viable renal 

parenchyma) if stenosis detected <3 months of renal 

replacement treatment or if uncontrolled hypertension with 

multiple (≥5) antihypertensive agents is present

• AKI due to acute renal artery occlusion or high-grade 

stenosis 

• Kidney transplant with renal artery stenosis
Sarafidis, Theodorakopoulou et al, 

Nephrol Dial Transplant 2023

Moderately strong indications

• High-grade (>70%) renal artery 

stenosis in association with one 

of the following criteria:

o Chronic HF

o Asymptomatic but either bilateral 

or supplying a solitary kidney 

with viable renal parenchyma 

(non-atrophic kidney, distinct 

renal cortex)
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2023 ESH Guidelines

• ….. Thus, the current consensus is to offer revascularization on top of medical

therapy in patients with documented secondary hypertension because of

atherosclerotic renal vascular disease or high-risk clinical profiles and documented

high-grade stenosis (> 70%) [1418,1422,1423].

• Medical therapy alone could be used for individuals with asymptomatic

atherosclerotic renal vascular disease with <70% stenosis, patients with mild or

moderate hypertension that is easily controlled with antihypertensive drugs and low-

grade stenosis, or patients with nonviable kidney parenchyma, where

revascularization has little to offer. In the medically treated patients, if treatment

initiation with an ACEi or an ARB results in eGFR reduction of 30%, careful

reevaluation of the patient is warranted. Mancia, Kreutz et al, J Hypertens. 2023
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Evaluation of possible kidney viability

Sarafidis, Theodorakopoulou et al, Nephrol Dial Transplant 2023
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Conclusions

• ARVD is a common clinical problem with presentations relevant to many medical

specialties and important prognostic associations

• Major RCTs included patients with ARVD of various degrees and not patients with high-

risk clinical presentations and/or critical stenoses

• Several pieces of observational data show that PTRA is associated with future renal and

cardiovascular benefits in patients presenting high-risk ARVD phenotypes

• Such evidence resulted in a progressive shift in relevant recommendations, with most

recent not-graded suggestions supporting that revascularization should be offered in

selected patients with these phenotypes, after careful evaluation
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Areas for further clinical research in the field of ARVD

• RCTs enrolling patients with hemodynamically significant ARVD and high-risk clinical

presentations, with true renovascular hypertension rather than patients with primary

hypertension and incidental RAS through a wider and more systematic use of the

translesional pressure gradient

• studies testing the impact of functional non-invasive imaging, such as BOLD-MRI, to

identify patients more likely to benefit from revascularization

• studies examining the efficacy of PTRA on moderate vs advanced CKD

• studies establishing the optimal timeline of revascularization to avoid delay-related

ineffectiveness

• studies identifying predictors of PTRA benefit

• studies evaluating the efficacy of PTRA in combination with novel therapeutic strategies

(e.g., targeting inflammation-related pathways, mesenchymal stem cells or

angiogenic/growth factors)

Sarafidis et al, Nephrol Dial Transplant 2023
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Thank you!


