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Abstract: Renal artery stenosis (RAS) is a condition characterized by the narrowing 

of one or both renal arteries, leading to reduced renal perfusion and subsequent 

activation of the renin-angiotensin-aldosterone system (RAAS). The most common causes 

of RAS are atherosclerosis and fibromuscular dysplasia. RAS is an important cause of 

secondary hypertension and can lead to progressive renal dysfunction if left untreated. 

Early diagnosis, accurate assessment of the severity, and appropriate management 

strategies, including medical therapy, angioplasty, or surgical intervention, are crucial 

to prevent renal damage and cardiovascular complications. This article provides an 

overview of the etiology, pathophysiology, clinical features, diagnostic methods, and 

treatment options for renal artery stenosis. 
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Renal artery stenosis (RAS) is a significant vascular condition that contributes to 

secondary hypertension and chronic kidney disease. It occurs when the lumen of one or 

both renal arteries becomes narrowed, leading to decreased blood flow to the kidneys. 

The reduction in renal perfusion triggers activation of the renin -angiotensin-aldosterone 

system (RAAS), resulting in elevated systemic blood pressure and further progression of 

vascular disease. 

The prevalence of RAS increases with age and the presence of cardiovascular risk 

factors. Atherosclerosis is the most common cause in older adults, typically affecting the 

proximal renal artery and frequently associated with generalized atherosclerotic  disease. 

Fibromuscular dysplasia, a non-atherosclerotic and non-inflammatory condition, 

predominantly affects younger women and involves the distal segments of the renal 

artery. Other less common causes include vasculitis, external compression, and 

congenital anomalies. 

Clinically, RAS may remain asymptomatic for long periods, and patients are often 

identified during evaluation for resistant or severe hypertension. Symptoms, when 

present, may include poorly controlled blood pressure, episodes of flash pulmonary 

edema, and signs of progressive renal insufficiency. Physical examination may reveal 

abdominal bruits over the affected artery, although this finding is not always present.  
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Early and accurate diagnosis is essential to prevent irreversible renal damage and 

cardiovascular complications. Diagnostic evaluation includes imaging studies such as 

Doppler ultrasonography, computed tomography angiography (CTA), magnetic 

resonance angiography (MRA), and, in selected cases, invasive digital subtraction 

angiography (DSA). Laboratory tests may show elevated serum creatinine or reduced 

glomerular filtration rate (GFR) in patients with advanced disease. 

Management of RAS aims to control blood pressure, preserve renal function, and 

reduce cardiovascular risk. Medical therapy typically includes antihypertensive agents 

such as angiotensin-converting enzyme inhibitors (ACEIs), angiotensin receptor blockers 

(ARBs), calcium channel blockers, and diuretics. In patients with hemodynamically 

significant stenosis, percutaneous transluminal renal angioplasty (PTRA) with or without 

stenting, or surgical revascularization, may be indicated. The choice of intervention 

depends on the etiology, severity of stenosis, renal function, and patient -specific factors. 

Renal artery stenosis (RAS) is a significant vascular disorder that can lead to 

secondary hypertension, progressive renal dysfunction, and increased cardiovascular 

morbidity. It is characterized by narrowing of one or both renal arteries, resulting in 

reduced renal perfusion and activation of the renin-angiotensin-aldosterone system 

(RAAS). The majority of cases are caused by atherosclerotic disease, particularly in older 

adults, while fibromuscular dysplasia is more common in younger individuals, especially 

women. Less common causes include vasculitis, congenital anomalies, and external 

compression. Understanding the pathophysiology, clinical manifestations, diagnostic 

approaches, and management strategies is critical for optimal patient care. 

The pathogenesis of RAS involves a complex interplay between vascular obstruction 

and neurohormonal activation. In atherosclerotic RAS, plaque formation leads to 

progressive narrowing of the renal artery lumen, reducing renal blood flow. The kidney 

perceives this reduction as hypoperfusion, stimulating renin release and subsequent 

activation of the RAAS cascade. Elevated levels of angiotensin II result in systemic 

vasoconstriction, aldosterone-mediated sodium and water retention, and increased blood 

pressure. This mechanism not only contributes to the development of hypertension but 

also promotes further vascular injury and atherosclerosis. Fibromuscular dysplasia, on the 

other hand, involves abnormal cellular development of the arterial wall, leading to 

alternating areas of stenosis and aneurysmal dilation. Unlike atherosclerotic RAS, it often 

affects distal segments of the renal artery and is less commonly associated with 

generalized atherosclerosis. 

Epidemiological data suggest that RAS is a relatively common cause of secondary 

hypertension, accounting for approximately 1–5% of all hypertensive patients and up to 

20–30% of patients with severe or resistant hypertension. Atherosclerotic RAS primarily 

affects older adults with cardiovascular risk factors such as diabetes mellitus, 

hyperlipidemia, smoking, and chronic kidney disease. Fibromuscular dysplasia typically 

presents in younger women aged 20–50 years and is frequently associated with other 

vascular abnormalities, such as cerebrovascular aneurysms. Early identification of high -
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risk populations is essential for timely intervention and prevention of irreversible renal 

damage. 

Clinically, RAS may present with a spectrum of manifestations. Many patients remain 

asymptomatic for years, and the condition is often discovered incidentally during 

evaluation for hypertension or impaired renal function. Symptomatic patients may 

present with resistant hypertension, defined as blood pressure that remains above target 

despite the use of three or more antihypertensive agents, including a diuretic. Other 

clinical features include abrupt onset or worsening of hypertension, recurrent episodes of 

flash pulmonary edema, and signs of chronic kidney disease, such as proteinuria or 

elevated serum creatinine. On physical examination, an abdominal bruit over the affec ted 

renal artery may be audible in some patients, although its absence does not exclude the 

diagnosis. 

Diagnosis of RAS requires a combination of clinical assessment and imaging studies. 

Doppler ultrasonography is a non-invasive first-line tool that evaluates renal blood flow 

velocity and arterial resistance, providing indirect evidence of stenosis. Computed 

tomography angiography (CTA) and magnetic resonance angiography (MRA) offer high -

resolution images of the renal arteries, allowing accurate assessment of stenosis location, 

degree, and collateral circulation. Invasive digital subtraction angiography (DSA) 

remains the gold standard for definitive diagnosis, particularly when planning 

interventional procedures, as it allows precise measurement of the lesio n and the option 

for immediate angioplasty or stenting. Laboratory tests, including serum creatinine, 

estimated glomerular filtration rate (eGFR), and urinalysis, are essential for evaluating 

renal function and monitoring disease progression. 

Management of RAS involves medical therapy, interventional procedures, and, in 

select cases, surgical revascularization. The primary goals are blood pressure control, 

preservation of renal function, and reduction of cardiovascular risk. Medical management 

includes antihypertensive medications, particularly inhibitors of the renin -angiotensin 

system, such as angiotensin-converting enzyme inhibitors (ACEIs) and angiotensin 

receptor blockers (ARBs), which help reduce blood pressure and mitigate renal injury. 

Calcium channel blockers and diuretics are often used as adjunct therapy. Lifestyle 

modifications, including salt restriction, weight management, smoking cessation, and 

regular physical activity, are recommended to complement pharmacological treatment. 

In patients with hemodynamically significant stenosis, particularly those with 

progressive renal impairment, refractory hypertension, or recurrent flash pulmonary 

edema, percutaneous transluminal renal angioplasty (PTRA) with stenting is the preferred 

interventional approach. This minimally invasive procedure restores blood flow to the 

affected kidney, reduces RAAS activation, and can lead to improved blood pressure 

control and stabilization of renal function. Surgical revascularization, including bypass 

grafting or endarterectomy, is reserved for patients with complex lesions, failed 

endovascular therapy, or anatomical limitations that preclude catheter-based intervention. 
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The choice of treatment depends on the underlying etiology, severity of stenosis, renal 

function, and patient comorbidities. 

The prognosis of patients with RAS varies depending on timely diagnosis, the extent 

of stenosis, and response to therapy. Early detection and appropriate management can 

prevent irreversible renal damage and reduce cardiovascular complications, whereas 

delayed or inadequate treatment increases the risk of chronic kidney disease, end -stage 

renal failure, and cardiovascular morbidity. Close follow-up with serial imaging, blood 

pressure monitoring, and renal function assessment is essential to evaluate therapeutic 

efficacy and detect disease progression. 

Complications of untreated RAS include worsening hypertension, progressive renal 

insufficiency, ischemic nephropathy, and increased risk of cardiovascular events, 

including myocardial infarction and stroke. Moreover, uncontrolled hypertension due to 

RAS contributes to left ventricular hypertrophy, heart failure, and accelerated 

atherosclerosis. Therefore, multidisciplinary management, involving nephrologists, 

cardiologists, interventional radiologists, and vascular surgeons, is crucial for optimizing 

outcomes. 

In conclusion, renal artery stenosis is a clinically important vascular disorder that 

contributes to secondary hypertension and chronic kidney disease. Accurate diagnosis, 

risk factor management, medical therapy, and timely interventional or surgical treatment 

are essential to preserve renal function and reduce cardiovascular risk. Advances in 

imaging and endovascular techniques have significantly improved the detection and 

management of RAS, emphasizing the importance of a comprehensive, patient -centered 

approach to care. Early recognition and intervention remain key to preventing 

complications and improving long-term outcomes for affected patients. 

Renal artery stenosis (RAS) is a significant cause of secondary hypertension and 

progressive renal dysfunction. Its early recognition and appropriate management are 

crucial to prevent irreversible kidney damage and reduce cardiovascular complications. 

Management strategies include medical therapy to control blood pressure, interventional 

procedures such as percutaneous angioplasty with stenting, and surgical revascularization 

in selected cases. Lifestyle modification and risk factor control complement 

pharmacologic and interventional treatments, helping to optimize patient outcomes. 

Multidisciplinary care involving nephrologists, cardiologists, and vascular specialists 

ensures comprehensive management. Timely intervention in RAS patients can stabilize 

renal function, improve blood pressure control, and reduce long-term morbidity and 

mortality. 
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