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ABSTRACT
Renovascular disease caused by renal artery stenosis leading 
to reduced renal perfusion can produce a range of clinical 
conditions ranging from incidental finding on angiography 
without any hemodynamic significance to renovascular 
hypertension (RVH) with or without ischemic and hypertensive 
renal injury. A fall in renal perfusion pressure is sufficient to 
initiate RVH that only occurs when 70 to 80% of artery lumen 
is occluded. Atherosclerosis, fibromuscular dysplasia, and 
vasculitis involving the renal arteries are the leading causes 
of renovascular disease. With improvement in imaging studies, 
significant renal artery stenosis is detected more often than 
before. Management includes medical therapy aiming at blood 
pressure control and cardiovascular risk factor management. 
Renal revascularization is considered in patients with 
deteriorating renal functions and resistant hypertension.
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INTRODUCTION

Hypertension is the leading risk factor for coronary 
artery disease, cerebrovascular disease, and renal failure. 
Various randomized controlled trials have shown the 
benefit of antihypertensive drug therapy in decreasing 
the morbidity and mortality due to hypertension. In 90 to 
95% of cases with hypertension, the cause of hypertension 
is unknown. Patients with no identifiable cause for 
hypertension are classified as primary hypertension 
or essential hypertension. Patients with identifiable 
causes of hypertension are designated as secondary 
hypertension. The commonest causes for secondary 

hypertension are renal parenchymal diseases (2–6%), 
renovascular hypertension (RVH) (1–4%), and endocrine 
abnormalities (1%). Coarctation of aorta, inflammatory 
arteritides, obstructive sleep apnea, and obesity are 
the other rare causes of secondary hypertension. 
Approximately 1% of cases are drug induced, and they 
are caused by sympathomimetic drugs, decongestants, 
oral contraceptives, and steroids.1,2 It is important to 
evaluate the patients for secondary causes, as some of 
these conditions can be cured, leading to withdrawal or 
reduction of antihypertensive medication.3,4 The clinical 
clues that suggest the likely presence of secondary 
hypertension are:
•	 Age	<	30	years	with	no	family	history	of	hypertension	

and other risk factors.
•	 An	acute	rise	in	blood	pressure	(BP)	in	an	individual	

with	documented	normal	BP	in	recent	past.
•	 Resistant	 hypertension,	 which	 is	 not	 controlled	 on	

adequate doses of more than three antihypertensive 
drugs including a diuretic.

•	 Malignant	or	accelerated	hypertension	with	papille
dema, neurological disturbances, acute kidney injury, 
or heart failure.

•	 Flash	pulmonary	edema	and	labile	BP.
•	 Episodic	headaches,	diaphoresis,	and	palpitations.

RENOVASCULAR HYPERTENSION

The clinical consequences of renovascular disease with 
impaired perfusion of the kidneys can lead to rise in 
arterial pressures designated as RVH with or without 
ischemic injury to kidney causing irreversible loss of 
kidney function designated as ischemic nephropathy or 
azotemic renovascular disease. It is an important and 
potentially curable cause of secondary hypertension. 
Majority	of	patients	with	RVH	have	main	renal	artery	
stenosis leading to activation of various hormonal and 
neuronal responses, which causes rise in systemic arterial 
pressure. The leading causes of renal artery stenosis 
are atherosclerotic renovascular disease, fibromuscular 
dysplasia, and vasculitis involving the renal arteries5 
(Tables 1 and 2).

Renovascular hypertension accounts for less than 
1% of patients with mild to moderate hypertension.6 
Atherosclerotic renal artery stenosis usually coexists with 
other manifestations of atherosclerosis, such as coronary 
artery disease (10–14%) and peripheral arterial and 
aortic diseases (24–35%).6 The prevalence of renal artery 
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stenosis	 in	highrisk	patients	with	severe	or	refractory	
hypertension is 27 to 45% in whites when compared with 
8 to 19% in blacks.7 In another prospective study, RVH 
was present equally in blacks and whites.8

CLINICAL CLUES FOR RVH

The clinical findings associated with likelihood of RVH 
secondary to significant renal artery stenosis are:
•		 New	onset	of	severe/resistant	hypertension	in	patients	

aged > 55 years.
•	 Severe	hypertension	in	patients	with	diffuse	athero

sclerosis, particularly those aged > 50 years.
•	 Deterioration	in	renal	function	as	defined	by	rise	in	

serum creatinine by more than 50% within 1 week 
of	 starting	 therapy	with	an	angiotensinconverting	
enzyme	 (ACE)	 inhibitor	 or	 angiotensin	 II	 receptor	
blocker	(ARB).

•	 Severe	hypertension	 in	patients	with	asymmetrical	
renal sizes with difference of > 1.5 cm or unilateral 
unexplained atrophic kidney.

•	 Abdominal	bruit	that	lateralizes	to	one	side.	Abdominal	
renal bruit has a sensitivity of approximately 40% but 
has specificity as high as 99%.9

•	 Recurrent	 episodes	 of	 flash	 pulmonary	 edema	 in	
patients with severe hypertension or refractory heart 
failure with impaired renal function.10

The	2011	American	College	of	Cardiology/American	
Heart Association guidelines on Peripheral Artery 
Disease	proposed	that	diagnostic	testing	for	renal	artery	
stenosis should be done in these settings, and corrective 
procedure may be considered if renovascular disease is 
detected.11

ETIOLOGY OF RVH

The most common causes of RVH are stenosis of the 
main vessel supplying the kidney. The two major 
causes of main renal artery stenosis are atherosclerotic 
renovascular	 disease	 (ASRVD)	 and	 fibromuscular	
dysplasia	(FMD).	The	latter	may	be	caused	by	medial,	
perimedial, intimal fibroplasias, or medial hyperplasia. 
Atherosclerosis mainly affects male patients above the 
age of 45 years and usually involves the aortic orifice 

or the proximal main renal artery. This is particularly 
common in patients with diffuse atherosclerosis but can 
occur	as	a	relatively	isolated	renal	lesion.	Fibromuscular	
dysplasia most often affects women below the age of 
50 years and typically involves the distal main renal 
artery or the intrarenal branches. Other causes include 
involvement of renal arteries in systemic vasculitis, such 
as Takayasu arteritis (TA) and polyarteritis, renal artery 
aneurysm, atheroembolic disease, aortic coarctation, 
vascular occlusion due to endovascular aortic graft, and 
external compression by metastatic tumors.

ATHEROSCLEROTIC RENOVASCULAR DISEASE

Atherosclerotic renovascular disease refers to the 
atherosclerotic narrowing of the renal arteries that may 
range from focal stenosis to complete occlusion of one 
or both renal arteries leading to renal ischemia and 
subsequent renal atrophy. These luminal atherosclerotic 
narrowing of the renal arteries is often present in 
conjunction with macrovascular disease in other organ 
systems, such as coronary, peripheral, and cerebral 
arteries. Atherosclerotic plaques are commonly present 
in the first or the second centimeter of renal artery and 
may extend into the aorta.

The	prevalence	of	ASRVD	is	increasing,	although	this	
may partly be due to improved imaging and selection 
bias.	United	States	Renal	Data	System	data	from	1991	to	
2001	revealed	prevalence	of	ASRVD	of	0.54%	in	elderly	
population, and an estimated incidence of new cases 
between 2000 and 2001 was 3.7 cases per 1000 patient 
years.12,13 In patients undergoing peripheral or coronary 
angiography,	ASRVD	was	found	in	11	to	42%	of	cases.	
Renal artery stenosis may be bilateral in 20 to 40% of 
such cases.14 Risk factors include age > 50 years, smoking, 
diabetes mellitus, hyperlipidemia, and hypertension. 
A positive relationship has been shown in univariate 
analysis	between	ASRVD	and	highsensitivity	Creactive	
protein, lipoprotein and homocysteine levels.

Clinically,	 ASRVD	 may	 be	 detected	 incidentally	
while doing coronary or peripheral angiography. This is 
usually of no significance. Renovascular hypertension 
is the most common clinical manifestation and may 

Table 1: Artherosclerosis or fibromuscular renal artery disease

Atherosclerosis Fibromuscular
Men and women Women
Age >50-55 years Age 15-40 years
Total occlusion may occur Total occlusion is rare
Ischemic atrophy is common Ischemic atrophy is uncommon
Surgical intervention or PTRA 
cure rates of hypertension are 
minimal

Surgical intervention or 
PTRA good cure rates of the 
hypertension

Less amenable to PTRA More amenable to PTRA

Table 2: Types of renal artery disease

Disease Incidence
Atherosclerosis 60–0he
Fibrous dysplasia 20–0br
 Medial 30%
 Intimal 5%
 Perimedial 5%
Arterial aneurysm < 5%
Arteriovenous malformation < 1%
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be associated with other target organ damage. Patients 
with RVH have abnormal circadian rhythm with loss 
of nocturnal pressure fall. Patients may have resistant 
hypertension requiring three or more antihypertensive 
medication. Renin–angiotensin–aldosterone system 
(RAAS)	inhibition	with	ACE	inhibitor	or	ARBs	may	lead	
to	acute	kidney	injury	in	patients	with	ASRVD.	Patients	
with advanced disease present with renal impairment 
progressing	to	endstage	renal	disease	(ESRD)	or	flash	
pulmonary edema due to rapid volume expansion1517 
(Figs	1A	and	B	and	2A	and	B).

FIBROMUSCULAR DYSPLASIA

Fibromuscular	 dysplasia	 is	 an	 idiopathic	 noninflam
matory, nonatheromatous arteriopathy associated with 
proliferation of medial smooth muscle cells and fibrous 
tissue leading to renal artery stenosis. The prevalence of 
renovascular	FMD	is	estimated	at	4	in	1,000.18 The most 
common age group is 15 to 50 years and 90% of cases 
are	 reported	 in	 females.	Fibromuscular	dysplasia	may 

be	associated	with	disorders,	such	as	Marfan	syndrome,	
tuberous	sclerosis,	Ehlers–Danlos	syndrome,	and	cystic	
medial	necrosis.	The	vascular	distribution	of	FMD	in
volves mainly renal and cerebral vessels. Renal arteries 
are involved in 65 to 70% of cases and cerebrovascular 
involvement is seen in 25 to 30% of cases. It may also 
involve the coronary, mesenteric, and peripheral extrem
ity vessels.19,20 Histologically, medial fibroplasia is the 
commonest variety, and the other rare forms include 
perimedial fibroplasias and medial hyperplasia.21 Angio
graphically, the characteristic appearance is that of string 
of beads, with bead diameter larger than lumen22	(Fig.	3).

Commonest	 clinical	 presentation	 of	 FMD	 is	 RVH,	
headaches, dizziness, and pulsatile tinnitus. While 
hypertension is the leading manifestation of renovascular 
FMD,	some	patients	may	have	flank	pain	due	to	renal	
infarction either from dissection of renal artery or 
embolism	from	the	proximal	aneurysm.	Flank	pain	may	
also be due to the rupture of a renal artery aneurysm 
with	 retroperitoneal	 bleed.	 Bruits	 may	 be	 present	 in	

Figs 2A and B: (A) Three-dimensional reconstruction image of 
CTA showing left renal artery stenosis, and (B) renal angiography 
showing left renal artery stenosis (postangioplasty)

Figs 1A and B: (A) Magnetic resonance angiography showing atherosclerotic right renal artery stenosis, and (B) renal 
angiography showing atherosclerotic right renal artery stenosis (postangioplasty)

A B

A B

Fig. 3: Renal angiography showing fibromuscular dysplasia of 
left renal artery



Renovascular Hypertension

Hypertension Journal, April-June 2016;2(2):86-95 89

HTNJ

flanks over carotids and femorals.2325 Progression of 
FMD	has	been	documented	in	approximately	27%	cases	
on	 serial	 angiographic	 examination.	 Fibromuscular	
dysplasia	 rarely	 causes	 ESRD	 unless	 hypertension	 is	
uncontrolled or thrombosis of renal artery results in the 
renal infarction.

CONGENITAL ARTERITIS

Renovascular hypertension can also be caused by the 
congenital abnormalities of vascular development, such 
as coarctation of aorta and middle aortic syndrome. 
Congenital coarctation involving abdominal aorta 
leading to middle aortic syndrome is rare and accounts 
for 2% of all coarctation. Proximal renal artery stenosis 
is present in 80% of cases and mesenteric arteries may be 
involved in 25% of cases. The common clinical features 
are hypertension, lower limb claudication, headaches, 
and	stroke.	Most	patients	do	not	live	beyond	40	years,	if	
left	untreated.	Surgical	revascularization	is	required	in	
most cases.26,27

INFLAMMATORY ARTERITIS

Takayasu arteritis (TA) is the commonest inflammatory 
arteritis leading to RVH. Other rare causes include poly
arteritis nodosa, giant cell arteritis, Kawasaki disease, and 
idiopathic aortitis. Takayasu arteritis is an inflammatory 
granulomatous	arteritis	involving	aorta	and	its	firstorder	
branches. The prevalence is as high as 1 in 3,000 people 
in Japan in comparison to only 2.6 cases per million in 
the	USA.	It	has	been	reported	as	the	commonest	cause	of	
RVH in parts of Asia, especially India.28,29

Takayasu arteritis usually presents in the 25 to 40 
years age group. The common clinical presentation is 
fatigue and discomfort in the muscles of one or more 
extremities, especially upper limbs. There is decreased 
pulsation of one or both brachial arteries with difference 
in	 systolic	 BP	 in	 both	 arms.	 Bruit	 may	 be	 heard	 on	
abdominal aorta or subclavian arteries. Hypertension 
due to proximal renal artery stenosis may be the sole 
manifestation	in	some	cases.	Diagnosis	is	usually	based	
on angiographic findings of narrowing or occlusion of 
aorta and its primary branches30	(Figs	4A	and	B).

RADIATION-INDUCED RENOVASCULAR  
DISEASE

Renovascular hypertension is the uncommon complication 
of the abdominal radiation. Hypertension develops even 
decades following abdominal radiation for lymphoma 
or	seminoma.	Clues	for	radiationinduced	renovascular	
disease include segmental renal atrophy along with 
hepatic and retroperitoneal fibrosis and focal aortic 
calcification.31

PATHOPHYSIOLOGY AND MANIFESTATIONS  
OF RENOVASCULAR DISEASE

The presence of renal vascular abnormalities may be 
incidental, and it can be identified in patients undergo
ing vascular imaging for other reasons, such as coronary 
angiography or peripheral vascular angiography. These 
incidental stenoses are usually of little or no hemodynamic 
significance. Renovascular hypertension refers to rise in ar
terial pressure secondary to hemodynamically significant 
renal artery stenosis leading to reduced renal perfusion. 
Luminal occlusion of 70 to 80% is usually present before 
changes in blood flow or pressure across the lesion can be 
detected. The presence of critical stenosis with reduction 
in renal perfusion pressure leads to activation of pressor 
pathways, notably release of renin from juxtaglomerular 
apparatus	leading	to	activation	of	RAAS.	The	rise	in	an
giotensin II and aldosterone increases the systemic arterial 
pressure to restore the renal perfusion. Additional mecha
nisms contributing to the elevation of the arterial pressure 
include activation of sympathetic nervous system, release 
of endothelin, and decrease in nitric oxide generation.32

Underlying mechanisms responsible for the RVH in 
humans depend on whether renal artery stenosis is uni
lateral or bilateral. The nomenclature used for these con
ditions	are	twokidneyoneclip	hypertension	(Goldblatt),	
in which one clip is present with normal contralateral 
kidney	and	onekidneyoneclip	hypertension,	in	which	
entire kidney mass is affected as in bilateral renal artery 
stenosis or stenosis of the solitary kidney. In the former, 
due	to	renal	hypoperfusion,	there	is	activation	of	RAAS	
leading to sodium retention due to rise in angiotensin II 
and aldosterone levels. However, presence of normal con
tralateral kidney allows pressure natriuresis to eliminate 
excess of sodium. This leads to continuous activation of 

Figs 4A and B: (A) Three-dimensional reconstruction image of CTA 
in the case of TA showing aneurysmal dilatation of descending aorta, 
right renal artery stenosis with collateral formations, narrowing of 
infrarenal aorta, and iliac arteries with complete occlusion of left 
internal iliac artery, and (B) Computed tomographic angiography 
in the case of TA postangioplasty with stenting

A B
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RAAS	in	the	stenotic	kidney.	These	sequences	of	events	
are	responsible	for	the	angiotensin	IIdependent	hyper
tension and secondary hyperaldosteronism.

In	 onekidneyoneclip	 hypertension,	 entire	 renal	
mass	is	hypoperfused	leading	to	RAAS	activation	with	
sodium and water retention; however, there is no con
tralateral or normal kidney to counteract these changes. 
With sodium retention and volume expansion, there is 
negative	feedback	to	inhibit	the	RAAS	activation	resulting	
in decrease in angiotensin II levels. Thus, under this situa
tion, the hypertension is not angiotensin II dependent.33,34

DIAGNOSIS OF RVH

The diagnosis of the RVH depends on demonstrating 
both critical stenosis of renal artery and activation of 
RAAS.	 These	 include	 both	 invasive	 and	 noninvasive	
imaging modalities. The goal of these diagnostic 
techniques is to establish the presence of renal artery 
stenosis, its location, and type, whether fibromuscular 
dysplasia or atherosclerotic lesion. The lesion may be 
unilateral or bilateral. It is also important to establish 
the hemodynamic severity of stenotic lesion. If any 
endovascular intervention is planned, it is important 
to know the location and degree of the lesion. The gold 
standard for diagnosing renal artery stenosis is renal 
angiography. However, it is associated with risk of 
contrastinduced	 nephrotoxicity,	 i.e.,	 more	 commonly	
in patients with already compromised renal functions.

Common noninvasive modalities include duplex 
Doppler	ultrasonography	(USG),	computed	tomographic	
angiography (CTA), and magnetic resonance angiography 
(MRA).	 The	 choice	 of	 test	 depends	 upon	 institutional	
expertise and patient factors. If the noninvasive test is 
not conclusive and the clinical suspicion remains high, 
conventional renal angiography is recommended.

Functional	 studies	 to	assess	 renal	 function	 include	
captopril renal scintigraphy, which is also useful to de
termine the relative function of each kidney. Physiologic 
studies to assess the renin–angiotensin system include 
selective renal vein renin measurements and plasma 
renin activity (PRA). These tests are not useful as initial 
diagnostic tests for renal artery stenosis.

DUPLEX DOPPLER ULTRASONOGRAPHY

Doppler	USG	is	used	for	renal	vascular	anatomy	and	func
tional status. Apart from direct visualization of main renal 
arteries	via	Bmode	imaging,	variety	of	hemodynamic	fac
tors	including	renal	blood	flow	can	be	measured	via	Dop
pler	USG.	The	narrowing	of	renal	artery	will	cause	velocity	
change and waveform change commensurating with the 
degree of the stenosis. The waveform becomes dampened 
downstream the stenosis site. Parameters measured using 

Doppler	USG	include	peak	systolic	velo	city	at	various	sites	
along the aorta and renal arteries, acceleration time and 
index,	and	intrarenal	resistive	index.	Doppler	USG	is	used	
to obtain the renal resistive index, which is calculated from 
the following formula:

(Peak systolic velocity – end diastolic velocity) ÷  
Peak systolic velocity

Lesions can also be detected by comparing the systolic 
flow velocity in the renal artery to that in the aorta since 
the velocity of flow increases as the artery narrows; 
end diastolic velocity may also be increased distal to a 
stenotic lesion.

Features	of	significant	renal	artery	stenosis	are:
•	 Elevated	 peak	 systolic	 velocity:	 Velocities	 in	 the	

stenotic	segment	>	1.8	to	2.0	m/s	correlate	well	with	
stenosis of > 60% diameter reduction.

•	 Renal	 artery/aorta	 ratio	 (RAR):	 An	 RAR	>	3.5	
correlates with stenosis > 60%

•	 Acceleration	time	(AT):	An	AT	>	0.07	s	correlates	with	
a stenosis > 60%

•	 Loss	of	the	early	systolic	peak	(ESP):	Proximal	stenosis	
results in changes to the intrarenal waveform with 
loss	of	the	ESP	and	a	“tardus	parvus”	appearance.
Using these criteria, sensitivity and specificity with 

angiographic estimation of lesions exceeding > 60% are 
90 and 96% respectively.

Doppler	 USG	 is	 an	 inexpensive,	 noninvasive	 test	
and is widely available, and it is also suitable for serial 
measurements to determine disease progression. This 
modality can also be used to detect recurrent stenosis 
in patients previously treated with endovascular angio
plasty or stenting.

However, limitations include that this is operator  
dependent and may be difficult to perform in obese 
patients. It may not identify the small accessory vessels. 
Further,	Doppler	USG	will	not	be	able	 to	differentiate	 
between fibromuscular dysplasia and atherosclerotic 
lesion.

A	metaanalysis	of	88	studies	involving	8,147	patients	
assessed	the	ability	of	the	various	USG	parameters	to	de
tect renal artery stenosis. Of these parameters, peak sys
tolic velocity, with a sensitivity and specificity of 85 and  
92%	respectively,	was	more	accurate	than	the	renalaortic	
ratio and acceleration index. The positive predictive 
value	was	84%	and	the	falsepositive	rate	was	8%.35,36

The utility of the resistive index was evaluated in 138 
patients with renal artery stenosis. The outcomes were 
poor among the patients with a resistive index above 
0.8. A high resistance index may indicate irreversible 
intrarenal vascular disease.3739	 Determination	 of	 the	
resistive index is operator dependent and can be obscured 
by patient factors, such as obesity.
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COMPUTED TOMOGRAPHIC ANGIOGRAPHY

A spiral computed tomography (CT) scan with intrave
nous contrast injection is a highly accurate noninvasive 
diagnostic test, which provides excellent images of both 
kidneys and the vascular tree. It can identify small as well 
as accessory vessels. Computed tomographic angiography 
continues to evolve technically and provide excellent 
sensitivity (96%) and specificity (97%) in small groups of 
patients. The performance of CTA was less favorable than 
magnetic resonance angiography in a series of 356 hyper
tensive patients, out of whom 72 patients had some degree 
of renal artery stenosis. The sensitivity and specificity of 
CTA were 64 and 92% respectively. The poor sensitivity of 
CTA was probably due to the high proportion of patients 
having	FMD,	as	fibromuscular	disease	usually	involves	
distal arterial segments that are difficult to image.40,41

The	risk	of	contrastinduced	nephrotoxicity	 is	high	
especially in patients with impaired renal functions due 
to	underlying	ischemic	nephropathy.	Computed	tomo
graphy	imaging	with	threedimensional	reconstruction	
and higher resolution with less contrast use continue to 
improve the value of CTA as a diagnostic tool for reno
vascular disease.

MAGNETIC RESONANCE ANGIOGRAPHY

Magnetic	resonance	angiography	with	gadolinium	con
trast gives excellent vascular imaging of the renal arteries. 
This technique is useful in patients who cannot be given 
iodinated contrast agent due to either allergic reactions or 
impaired	renal	functions	due	to	risk	of	contrastinduced	
nephrotoxicity.	 There	 are	 concerns	 about	 gadolinium 
associated complications, especially nephrogenic systemic  
fibrosis	in	patients	with	glomerular	filtration	rate	(GFR)	
<30	mL/min/1.73	m2.	Magnetic	resonance	angiography	
is a highly sensitive technique for detecting proximal 
renal artery stenosis with sensitivity of 83 to 100% and 
specificity	of	92	to	97%.	Limitations	of	MRA	include	over
estimation of luminal narrowing and limited sensitivity 
for middle and distal vascular lesions.40 Patients with 
metallic	stents	are	not	candidates	for	MRA.

Using	arteriography	as	the	gold	standard,	MRA	had	a	
sensitivity of 100% and specificity of 96% for the detection 
of stenosis of the main renal arteries.42	The	use	of	breath
hold	MRA	with	paramagnetic	contrast	material	improves	
the	 ability	 to	 visualize	 small	 accessory	 arteries.	 Blood	
oxygen	 leveldependent	 magnetic	 resonance	 imaging	
is a noninvasive method that detects local levels of the 
deoxyhemoglobin without requiring contrast.

INVASIVE IMAGING – RENAL ANGIOGRAPHY

Renal angiography remains the gold standard for defin
ing the stenotic lesions of renal vasculature. It can identify 

whether stenosis is unilateral or bilateral, atherosclerotic 
or fibromuscular dysplasia, and poststenotic dilatation. 
Angiography provides important anatomic and func
tional information including delayed perfusion and 
collateral and accessory renal vessels. It is also useful 
for planning the endovascular procedure, such as angio
plasty and stenting.

Contrastinduced	nephrotoxicity	and	catheterrelated	
complications are main issues associated with renal an
giography. Atherosclerotic disease, diabetes mellitus, old 
age, impaired renal functions, and dehydration are main 
risk	factors	for	contrastinduced	nephrotoxicity.	Although	
renal angiography is the gold standard for diagnosing re
nal artery stenosis, its invasive nature, cost, and potential 
complications make it suitable only for those patients in 
whom renal vascular intervention is planned.

CAPTOPRIL RENOGRAM

Radionuclide imaging provides a functional assessment of 
the	kidneys	allowing	the	comparison	of	blood	flow	and	GFR	
between	two	kidneys.	Diethylenetriaminepentaacetic	acid	
and	MAG3	are	the	commonly	used	radiopharmaceuticals	
used	for	radionuclide	renography.	MAG3	may	be	more	
reliable	in	patients	with	renal	insufficiency.	MAG3	also	
has clearance characteristic similar to hippuran and 
represents	the	renal	blood	flow.	Change	in	the	GFR	after	
ACE	inhibition	allows	inferences	regarding	the	presence	
of renal artery stenosis. When this test is completely 
negative, it has a high negative predictive value.

Nonstimulated	radionuclide	scans	have	a	falsenega
tive rate of 20 to 5%. The predictive value can be increased 
by administration of oral captopril (25–50 mg) 1 hour 
before the isotope is injected. The interpretation of capto
pril	renogram	is	based	upon	the	ACE	inhibitorinduced	
decline	in	GFR	in	the	stenotic	kidney,	accompanied	by	an	
increase	in	GFR	in	the	contralateral	kidney	due	to	removal	
of	angiotensin	IImediated	vasoconstriction.	The	net	result	
is that the difference between the two kidneys is enhanced.

The sensitivity and specificity of the captopril reno
gram vary substantially in different studies and has a poor 
correlation with the benefit obtained from angioplasty. The 
sensitivity and specificity range from 65 to 96% and 62 to 
100%	respectively,	 in	 several	 series.	 Sensitivity	 further	
decreases in the presence of the renal insufficiency with re
duced	GFR	(serum	creatinine	>	2.0	mg/dL).43,44 As a result 
of these limitations, captopril renography is not broadly 
helpful in diagnosing renal artery stenosis, and the major 
use is to determine the relative function of each kidney.

PLASMA RENIN ACTIVITY

Peripheral venous PRA demonstrates the activation of 
renin–angiotensin system as a marker of underlying 
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RVH. Plasma renin activity is elevated in only 50 to 80% 
of patients with RVH. Levels of PRA may be suppressed 
by a high dietary sodium intake, bilateral renal arterial 
disease, volume expansion related to intrinsic kidney 
disease, and various antihypertensive drugs. It has 
limited value for the diagnosis of RVH as both sensitivity 
and specificity are low.

The predictive value of the PRA can be increased by 
measuring the rise in PRA 1 hour after the administration 
of 25 to 50 mg of captopril. Patients with renal artery 
stenosis have an increase in the PRA as compared with 
normal individuals due to the removal of the normal 
suppressive effect of high angiotensin II levels on renin 
secretion in the stenotic kidney.45

MEASUREMENTS OF RENAL VEIN RENIN

Measurement	of	renal	vein	renin	levels	helps	to	lateralize	
the stenotic kidney (> 1.5:1 stenotic–nonstenotic kidney 
ratio). This discrepancy in renin secretion between 
the two kidneys is present in less than 10% of normal 
individuals. Thus, the presence of highly lateralizing renal 
renin values indicates the presence of physiologically 
significant renal artery stenosis. The accuracy of these 
measurements may be enhanced by administration of 
an	ACE	inhibitor	and/or	diuretics,	which	will	increase	
renin secretion on the affected side.

The overall sensitivity of renal vein rennin mea
surement is 65% and positive predictive value is 18.5%. 
Renal vein renins have a limited role in estimating the 
physiologic	significance	of	a	stenotic	lesion.	Exceptions	
may include patients with bilateral renal artery stenosis 
in whom renal vein renin measurements can be used 
to determine which side contributes most to the hyper
tension or in patients considered for nephrectomy of a 
pressor kidney.46

These noninvasive tests, peripheral PRA, stimulated 
PRA, renal vein renin level, and the captopril renogram 
are no longer considered suitable for initial testing 
patients with suspected renovascular disease because of 
their poor sensitivity and specificity, and thus, they have 
no meaningful role.

MANAGEMENT OF RVH

Once a patient is diagnosed with renal artery stenosis 
leading to RVH, it is important to know whether the lesion 
is unilateral or bilateral and likely cause of renal artery 
stenosis,	that	is,	atherosclerotic	or	FMD	or	inflammatory.	
The main therapeutic options available are:
•	 Medical	therapy
•	 Percutaneous	angioplasty	with	or	without	stenting
•	 Surgical	revascularization,	or	in	some	cases,	resection	

of	a	“pressor”	kidney

Perhaps, the most difficult aspect of management of 
RVH is whether to treat medically or proceed for revas
cularization	procedure.	General	approaches	in	patients	
with RVH include control of hypertension by medical 
therapy. Revascularization is reasonable in patients who 
have	short	duration	of	BP	elevation	prior	to	the	diagnosis	
of renovascular disease or in patients who do not respond 
to optimal medical therapy or are intolerant to medical 
therapy. Patients with recurrent flash pulmonary edema 
and/or	refractory	heart	failure	may	also	require	revascu
larization procedure. In addition, revascularization may 
be required in patients having progressive renal insuf
ficiency due to bilateral renal artery stenosis (or unilateral 
stenosis to a solitary functioning kidney).47

MEDICAL THERAPY

Angiotensinconverting	 enzyme	 inhibitors	 and	 ARBs	
are	most	effective	drugs	to	control	BP	in	patients	with	
renovascular	disease.	If	BP	goals	are	not	achieved	with	
angiotensin inhibition alone, other antihypertensive 
drugs, such as a calcium channel blocker, thiazide di
uretic, a mineralocorticoid receptor antagonist, or a beta 
blocker, should be added as necessary. The potential con
cerns associated with medical treatment are progressive 
worsening of stenotic lesion over a period of time leading 
to impaired renal functions due to ischemic damage. 
Angiotensin inhibition may lead to acute kidney injury 
and hyperkalemia.4850

The clinical characteristics associated with poor 
response to antihypertensive therapy include advanced 
age, advanced renal insufficiency (serum creatinine > 3.0 
mg/dL),	atherosclerotic	as	opposed	to	FMD,	and	small	
kidneys on imaging.

ENDOVASCULAR TREATMENT OF RENAL  
ARTERY STENOSIS

For	patients	with	renal	artery	stenosis	with	uncontrolled	
hypertension, deterioration in renal function, and cardiac 
failure, revascularization may restore the renal blood 
flow and stabilize the renal function. There is good 
data that stent placement is superior to angioplasty 
alone,	 especially	 in	 ostial	 stenosis.	 Patients	 with	 FMD	
are usually treated with angioplasty without stenting. 
The risks associated with the procedure are renal artery 
dissection, embolization into the kidney, rupture of renal 
artery,	and	contrastinduced	nephrotoxicity.

REVASCULARIZATION VS MEDICAL  
THERAPY ALONE

Multiple	randomized	trials	have	compared	revascular
ization	 using	 percutaneous	 transluminal	 renal	 angio 
plasty (PTRA) with or without stent in combination 
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with medical therapy in patients with atherosclerotic 
renovascular disease.

The largest and most recent of these was the Car
diovascular Outcomes in Renal Atherosclerotic Lesions 
(CORAL) trial,51 which included 947 patients, who had 
unilateral or bilateral atherosclerotic renal artery stenosis. 
These patients had systolic hypertension despite two or 
more	antihypertensive	medications	and/or	an	estimated	
GFR	(eGFR)	<	60	mL/min/1.73	m2. All patients received 
a combination of antiplatelet therapy and standardized 
medical treatments for diabetes, hypertension, and  
hyperlipidemia. Candesartan was given as an angiotensin 
receptor blocking agent to all the patients. Patients were 
then randomly assigned to revascularization or to no 
revascularization.

The primary outcomes were a composite of cardio
vascular or renal death, stroke, myocardial infarction, 
hospitalization	for	heart	failure,	a	reduction	in	eGFR	by	
more	than	30%,	or	ESRD.	After	a	median	of	3.6	years,	 
revascularization had no additional effect on the pri
mary outcome as compared with medical therapy alone 
(35.1 vs	35.8%).	Further,	revascularization	had	no	effect	
on any of the individual components of the primary 
outcome. The most frequent complication was renal 
artery dissection, which occurred in 11 (2.2%) revas
cularized patients.

The angioplasty and stenting for renal artery lesion 
trial	 (ASTRAL)52 and stent placement in patients with 
atherosclerotic renal artery stenosis and impaired renal 
function	trial	(STAR)53 randomized patients to medical 
therapy or intervention. All classes of antihypertensives 
were	 used.	 Angiotensinconverting	 enzyme	 inhibitors	
were	used	 in	 twothirds	of	patients	 in	STAR	and	38%	
patients	in	the	ASTRAL	trial.	There	were	no	significant	
differences	in	the	BP	control,	number	of	antihypertensive	
medications, renal functions, or cardiovascular outcomes 
in these patients.

A	 metaanalysis,	 including	 CORAL	 and	 ASTRAL,	
has been published.54 Patients treated with PTRA 
with or without stent required an average of 0.2 lesser 
antihypertensive medications. However, there was no 
difference with regard to change in renal function or the 
incidence of heart failure, stroke, myocardial infarction, or 
total mortality. Periprocedural complications associated 
with	PTRA	varied	across	these	trials;	procedurerelated	
deaths occurred in 0.4% of patients and renal artery 
perforations or dissections occurred in 2.5%. Apart from 
slight reduction in antihypertensive medication, none of 
these studies demonstrated any significant clinical benefit 
from PTRA.5153,5558

Earlier	 studies	 by	 Van	 Jaarsveld	 et	 al56 and Plouin  
et al57	 evaluated	 BP	 control	 in	 patients	 with	 medical	
therapy vs PTRA in patients who required two or more 

antihypertensive	drugs	for	BP	control	and	serum	creati
nine	<	2.3	mg/dL.	The	study	was	unable	to	demonstrate	
any	 benefit	 in	 respect	 of	 renal	 function	 or	 eventfree	
survival. They concluded that angioplasty had little  
advantage	 over	 antihypertensive	 therapy	 and	 final	 BP	
was not different between the groups.

The	main	drawbacks	of	these	studies	are	that	high
risk group patients were excluded, who may have 
benefited most from the procedure, e.g., patients with 
bilateral	 RAS,	 recurrent	 pulmonary	 edema,	 and	 renal	
dysfunction.

In summary, these trials demonstrate that most of the 
patients	with	ASRVD	can	be	effectively	managed	with	
optimal medical therapy with antihypertensive therapy 
as	compared	with	PTRA	with	or	without	stent	therapy.	No	
difference in patient survival or renal function could be 
identified.	In	most	of	these	studies,	ACE	inhibitors	or	ARBs	
were used and were well tolerated without any significant 
side effects. Risk associated with revascularization 
include	contrastinduced	nephrotoxicity	and	procedure
related complications including arterial dissection and 
segmental renal infarction.

SURGICAL REVASCULARIZATION

Surgical	revascularization	carries	a	considerable	risk,	cost,	
and morbidity. It is reserved for patients who fail medical 
and endovascular therapies or have associated aortic 
disease,	i.e.,	not	amenable	to	endovascular	therapy.	Some	
patients with total occlusion of renal artery resulting in 
nonfunctioning kidney may require nephrectomy for 
control	of	BP.

CONCLUSION

Renovascular hypertension caused by renal artery 
stenosis is an important cause of secondary hypertension, 
especially in elderly patients with other atherosclerotic 
diseases.	Most	of	the	patients	can	be	managed	by	medical	
means by antihypertensive medications and measures to 
prevent atherosclerotic progression with statin therapy. 
These patients need to be reviewed at regular intervals 
for	 progression	 of	 disease.	 Development	 of	 resistant	
hypertension, deteriorating renal functions, and flash 
pulmonary edema despite medical and diuretic therapy 
may	 warrant	 revascularization	 therapy.	 Longterm	
followup	for	BP	control	and	renal	functions	is	important	
because of potential recurrent disease or restenosis after 
revascularization.
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