
Hypertension

898  October 2021 Hypertension. 2021;78:898–911. DOI: 10.1161/HYPERTENSIONAHA.121.17004

Hypertension is available at www.ahajournals.org/journal/hyp

 
Correspondence to: Piotr Dobrowolski, Department of Hypertension, Institute of Cardiology, Alpejska 42, 04-628 Warsaw, Poland. Email p.dobrowolski@ikard.pl
*A. Persu, C. Canning, M. Januszewicz, and A. Januszewicz contributed equally.
For Sources of Funding and Disclosures, see page 908.
© 2021 American Heart Association, Inc.

REVIEW

Beyond Atherosclerosis and Fibromuscular Dysplasia: 
Rare Causes of Renovascular Hypertension
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ABSTRACT: Renovascular hypertension is one of the most common forms of secondary hypertension. Over 95% of cases of 
renovascular hypertension are due either to atherosclerosis of the main renal artery trunks or to fibromuscular dysplasia. 
These two causes of renal artery stenosis have been extensively discussed in recent reviews and consensus. The aim of the 
current article is to provide comprehensive and up-to-date information on the remaining causes. While these causes are rare 
or extremely rare, etiologic and differential diagnosis matters both for prognosis and management. Therefore, the clinician 
cannot ignore them. For didactic reasons, we have grouped these different entities into stenotic lesions (neurofibromatosis 
type 1 and other rare syndromes, dissection, arteritis, and segmental arterial mediolysis) often associated with aortic 
coarctation and other arterial abnormalities, and nonstenotic lesions, where hypertension is secondary to compression 
of adjacent arteries and changes in arterial pulsatility (aneurysm) or to the formation of a shunt, leading to kidney 
ischemia (arteriovenous fistula). Finally, thrombotic disorders of the renal artery may also be responsible for renovascular 
hypertension. Although thrombotic/embolic lesions do not represent primary vessel wall disease, they are characterized 
by frequent macrovascular involvement. In this review, we illustrate the most characteristic aspects of these different 
entities responsible for renovascular hypertension and discuss their prevalence, pathophysiology, clinical presentation, 
management, and prognosis.
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Renovascular hypertension (RVHT), usually caused 
by renal artery stenosis (RAS), is one of the most 
common causes of secondary hypertension. RAS 

may result in the development of resistant hyperten-
sion, a progressive decline in renal function and cardiac 
destabilization syndromes, which may include flash pul-
monary edema or congestive heart failure.1,2 The most 
common cause of RVHT is atherosclerosis of the main 
renal artery, and most of the remaining cases are attrib-
uted to fibromuscular dysplasia (FMD). Atherosclerotic 
RAS accounts for ≈90% of cases of RAS and is more 
common in populations with other atherosclerotic lesions 
or risk factors, including increasing age, diabetes, smok-
ing history, hypertension, or coronary artery disease.3,4 In 
contrast, FMD is typically diagnosed in young- or middle-
aged women and is seldom accompanied by a significant 
loss in renal function.3,5 It may be occasionally observed 

in men and older patients, sometimes coexisting with 
atherosclerotic lesions.

Less commonly encountered types of renal artery dis-
ease associated with RVHT include neurofibromatosis type 
1 (NF1), midaortic syndrome, renal artery aneurysm (RAA), 
and arteriovenous fistula.1 Even rarer causes have been 
described in the literature (Table). Of note, the existing lit-
erature dealing with these rare entities mostly consists of 
case reports, small clinical series, or reviews. In addition, the 
prevalence and incidence of these lesions and malforma-
tions in the general population is not clearly established and 
may be overestimated, as most cases have been diagnosed 
in tertiary referral centers. In recent decades, such rare 
causes of RVHT are, nevertheless, increasingly identified 
due to extensive use of noninvasive imaging techniques.

However, clinical management of patients with rare 
renal artery diseases deserves to be individualized 
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because of marked differences in the processes under-
lying these different lesions. Altered geometry and flow 
in the renal artery can lead to renin-dependent hyperten-
sion. Other changes in renal artery geometry, for example, 
RAA, may alter flow sufficiently to affect the pressure 
difference between the ostium of the renal artery and 
kidney baroreceptors.

All rare causes of RVHT may be subdivided into ste-
notic and nonstenotic lesions (Figure 1). Patients with 
stenotic lesions (NF1, midaortic syndrome, dissection, 
arteritis, or segmental arterial mediolysis [SAM]; Fig-
ure 2) exhibit an unusually high frequency of arterial 
abnormalities, including abdominal aortic coarctation or 
diffuse narrowing of renal arteries of variable lengths. 
Patients with nonstenotic lesions, namely aneurysms and 
arteriovenous fistulae, may develop hypertension due to 
compression of the adjacent arteries and changes in the 
pulsatile character of blood flow (aneurysm) or formation 
of a shunt, resulting in local kidney ischemia (arteriove-
nous fistula). Finally, thrombotic disorders of the renal 
artery may also produce RVHT (Figure 3). Although 
thrombotic/embolic lesions do not represent primary 
vessel wall disease, they do contribute to RVHT.

In the absence of a recent and comprehensive review 
on the topic, we set out to describe the rare causes of 
RVHT, their incidence, pathophysiology, clinical presenta-
tion, radiological features, treatment, and prognosis. Our 
sole focus on only the rare causes of RVHT makes this 
review unique.

NEUROFIBROMATOSIS TYPE 1
NF1 or Von Recklinghausen disease is a rare autosomal 
dominant disorder. NF1 is characterized by café-au-lait 
macules, neurofibromas, Lisch nodules of the iris, axil-
lary freckling, optic nerve gliomas, and distinctive bone 
lesions. Phaeochromocytomas can occur in up to 5% of 
patients. NF1 and NF1 vasculopathy are primarily diag-
nosed in childhood.

Hypertension occurs in 16% to 19% of children with 
NF1, and its prevalence increases with age.7–10 Patients 
can present with symptomatic severe hypertension. How-
ever, hypertension is often an incidental finding detected 
during admission for another reason. Conversely, NF1 
may only be diagnosed during the workup of hyperten-
sion, especially in children and young adults.11,12 End-
organ damage, especially left ventricle hypertrophy, 
can already be present as well.11–13 Twenty-four–hour 
ambulatory blood pressure (BP) monitoring is advised, 
as some children with vascular lesions and normal office 
BP may have masked hypertension, particularly during 
the night.9 Sometimes, an abdominal bruit is observed 
during physical examination.

The most frequent cause of hypertension in children 
with NF1 is RAS, with a highly variable reported fre-
quency from 7% to 58% and with a mean age at diagno-
sis of hypertension being 11.2 years.14,15

The pathogenesis of the vasculopathy in NF1 is not 
completely elucidated. Besides genetic predisposi-
tion, the vasculopathy also appears to be an acquired 
progressive condition. The loss of neurofibromin, 
which also acts as a tumor suppressor gene, produces 
increased mitogenic signaling and leads to increased 
cellular proliferation/differentiation. Arterial stenoses or 
aneurysms might develop through a complex process 
of cellular proliferation, degeneration, healing, smooth 
muscle loss, and fibrosis caused by deficiency in neu-
rofibromin within the endothelium and smooth muscle 
cells of the arterial wall.16

To our knowledge, data on the rate of progression of 
vascular disease are scarce and anecdotal. Vasculopa-
thy of NF1 tends to be progressive and rapid progres-
sion of RAS, from 70% to 90% in 1 month, has been 
reported.11,12,16,17

In a review of 237 patients with NF1, 320 vascular 
abnormalities were found. Renal artery lesions were 
the most frequent (41%), were unilateral in 68%, were 
more often stenotic than aneurysmal, and were found at 
all segments of the renal artery to the intraparenchymal 

Nonstandard Abbreviations and Acronyms

AD aortic dissection
AS Alagille syndrome
BP blood pressure
CTA computed tomographic angiography
FMD fibromuscular dysplasia
IRAD isolated renal artery dissection
NF1 neurofibromatosis type 1
PTA percutaneous transluminal angioplasty
RAA renal artery aneurysm
RAS renal artery stenosis
rAVF renal arteriovenous fistula
RVHT renovascular hypertension
SAM segmental arterial mediolysis
WBS Williams-Beuren syndrome
YY1 yin yang 1

Table.  Rare Additional Stenotic Causes6

Trauma

Radiation

Pheochromocytoma

Congenital fibrous band

Diaphragmatic crus

Retroperitoneal fibrosis

Post renal denervation stenosis

Drugs that cause spasm (eg, dihydroergotamine or cocaine)
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branches.14,18 Bilateral and concomitant stenoses of 
other arteries are frequent and may include midaortic 
syndrome and stenoses of the celiac axis and the supe-
rior or inferior mesenteric arteries.12 Coronary and extra- 
and intracranial cerebrovascular disease, particularly 
aneurysms, are also observed in many patients.14,19 The 
renal artery lesions may be long and tapered, extending 
into the primary branches of the artery and sparing its 
aortic origin, as well as single and short (<10 mm) with 
ostial involvement.16,20

The current consensus is that noninvasive diagnostic 
imaging of the RA should be considered first, when RA 
stenosis is clinically suspected.15,21 However, none is a 
substitute for conventional angiography as the accuracy 
of these tests to detect RAS in NF1 may be lower due 
to the morphological complexity of the arterial lesions.11

Treatment depends on patient’s age and the type and 
location of the lesion. Isolated renal artery disease has 
been treated with medical therapy, percutaneous trans-
luminal angioplasty (PTA) with or without stenting, open 
bypass surgery, ex vivo surgical repair with renal auto-
transplantation, or even nephrectomy.4,13,16 Despite phar-
macological treatment not being satisfactory in many 
cases, medical treatment is often advised as the initial 
approach to control hypertension to allow maximal body 
growth in children before any intervention.9,22

Endovascular treatment is generally accepted as a 
first-line invasive therapy for RAS due to NF1, because 
of the absence of major complications and no adverse 
effect on subsequent vascular reconstruction. Open 
surgical repair is usually reserved for complex vascular 
lesions or PTA failure/complications. Arterial stenting 
is generally avoided in the pediatric population unless 
angioplasty results in a flow-limiting dissection, complete 
recoil of stenosis, or focal arterial rupture.15,17

Survival is 10 to 20 years shorter in patients with 
NFI compared with the general population. After malig-
nancy, vascular disease is the second leading cause of 
death, especially among individuals aged <40 years. 
Severe hypertension is the most frequently described 
life-threatening or fatal complication in young patients 
with NF1.7,16,23

Resolution of arterial abnormalities and cure/
improvement of hypertension depends on the extent 
and location of the lesions. Diffuse intrarenal vessel 
involvement, renal end-organ damage secondary to per-
sistent hypertension, or the presence of aortic involve-
ment may preclude the success of revascularization in 
improving BP control.9,13 PTA and open surgical repair 
have a good technical success rate (67%–72% and 
78%–90%, respectively) with resolution of hypertension 
in up to 71% and 97% of patients, respectively.8,17,22,24,25 

Figure 1. Rare causes of renovascular hypertension in a nutshell.



REVIEW

Hypertension. 2021;78:898–911. DOI: 10.1161/HYPERTENSIONAHA.121.17004 October 2021  901

Persu et al Rare Causes of Renovascular Hypertension

Restenosis after PTA has been reported in up to 44% 
of cases.17 As the vasculopathy in NF1 is a progressive 
disease and the vascular malformations may recur after 
revascularization, long-term monitoring of these patients 
is strongly advised.

OTHER RARE SYNDROMIC CAUSES OF 
FOCAL RAS
Several pediatric syndromes are associated with focal 
stenosis of renal arteries, leading to RVHT. The most 
frequent are NF1, the Williams-Beuren syndrome 
(WBS), and the Alagille syndrome (AS; Figure 4). The 
angiographic aspect of RAS in these different syn-
dromes is indistinguishable from that observed in 
children/adolescents with focal FMD and, as the lat-
ter, often associated with aortic abdominal coarctation 
(midaortic syndrome).3,15

Accordingly, the diagnostic strategy and therapeutic 
management are similar to those proposed in patients 
with pediatric focal FMD. These syndromes are defined 
by a wide constellation of cardiovascular, endocrine, and 
neurological manifestations, and lists of criteria cannot 
entirely replace clinical expertise. Patients with mid-
aortic syndrome demonstrate a BP gradient between 
upper and lower extremities and weak femoral pulses.

Imaging may include renal duplex ultrasound, com-
puted tomographic angiography (CTA), and magnetic 
resonance angiography, but formal exclusion of RAS 
can be made only by catheter-based angiography.15 
While surgery is restricted to complex cases, the pre-
ferred revascularization option is renal artery PTA, which 
may be associated with aortic angioplasty/stenting in 
case of associated abdominal coarctation.15 In contrast 
with adult patients with FMD,3 children with focal ste-
nosis, whether syndromic or not, are sometimes treated 
with renal artery stenting15 or even a cutting balloon,24 
though such approaches are controversial and should 
be restricted to expert centers.

Williams-Beuren Syndrome
WBS is a genetic condition due to deletion of the WBS 
region of chromosome 7, which encompasses 26 to 
28 genes, including ELN—the gene coding for elastin. 
Deletion of ELN is responsible for the cardiovascular 
manifestations of the disease and instrumental to make 
the diagnosis, typically by Fluorescence In Situ Hybrid-
ization.26 WBS is considered as an autosomal dominant 
disorder because one copy of the altered chromosome is 
sufficient to cause the disorder but most cases occur de 
novo.27 The prevalence of WBS is estimated to be 1 in 
10 000 people.26

Figure 2. Rare causes of renovascular 
hypertension—stenotic lesions.
A, A 64-y-old woman with type B 
aortic dissection. Axial plane shows 
false lumen protruding into the right 
renal artery causing severe static type 
stenosis (arrow). B, Three-dimensional 
reconstruction of the abdominal aorta 
in the same patient shows a stenosis of 
the right renal artery (arrow) and reduced 
opacification of right renal parenchyma 
(arrow). C, A 46-y-old woman, treated 
for arteritis. Computed tomographic 
angiography (CTA) performed during 
workup for difficult-to-control hypertension 
shows high-grade renal artery stenosis 
(arrow) with left kidney decreased size 
(arrow). D, A 62-y-old woman with 
moderate hypertension. Angiography, 
performed following noninvasive 
CTA diagnostic examination to plan 
endovascular treatment (stent), shows 
dissection of left renal artery (arrow). 
E, Angiography of an 11-y-old boy with 
neurofibromatosis type 1 (NF1) showing 
stenosis of aorta and both renal arteries 
(arrows). F, Three-dimensional image of 
the abdominal arteries depicting bilateral 
renal arteries stenoses (arrows) in a 
12-y-old boy with NF1.
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WBS should be suspected in children with so-called 
elfin face (broad forehead, upturned nose, and pointed 
chin), intellectual impairment, and sociable behavior. 
Hypercalcemia is highly suggestive but only found in a 
minority of patients.26 Hypercalcemia in WBS is thought 
to be due to an increase in both digestive and renal 
calcium absorption.28

While the most common cardiovascular abnormal-
ity is supravalvular aortic stenosis, narrowing of other 
arteries due to smooth muscle overgrowth leading to 
thickening of the media may be observed, either in iso-
lation or in multiple vessels. RAS has been reported in 
7% to 58% of patients, usually in combination with mid-
aortic syndrome.29

Alagille Syndrome
AS is an autosomal dominant syndrome due to mutations 
in the genes JAG1(>90% of cases) or NOTCH2, both 
part of the Notch pathway. De novo mutations may occur 
in 50% to 70% of cases.30

The main clinical features of AS are chronic cho-
lestasis due to paucity of intrahepatic bile ducts, con-
genital heart disease (pulmonary stenosis or less often 
tetralogy of Fallot), butterfly vertebrae, characteristic 
face (broad forehead, deep-set eyes, and pointed chin), 
posterior embryotoxon or anterior segment abnormali-
ties of the eyes, and pigmentary retinopathy. Additional 
features may include intracranial bleeding and dysplas-
tic/cystic kidneys.31

The incidence of AS in the general population has 
been recently reevaluated to about 1 in 30 000 live 
births.32 In a large retrospective chart review including 
268 children with AS,33 9% had noncardiac vascular 
anomalies. While the most commonly reported were aor-
tic, cerebral, or basilar artery aneurysms, a single patient 
had documented RAS. In a subsequent report from the 
same authors,34 only 2 of 187 AS patients evaluable for 
renal abnormalities (2.7%) had RAS. As for WBS and 

other pediatric forms of focal stenosis, AS-related RAS 
is often associated with aortic coarctation. It may be pro-
gressive, with increases in BP, decreases in glomerular 
filtration rate, and kidney atrophy.30 Renal artery occlu-
sion and RAAs have also been reported.30 Patients who 
survive to adulthood have mostly mild liver abnormalities 
and may develop multiple artery stenoses over time.

The diagnosis of AS deserves to be considered in 
adult patients with RAS and at least one of the classical 
features, even without liver disease,35 and in the absence 
of genetic confirmation, the differential diagnosis with 
FMD/midaortic syndrome may be challenging.36

Grange Syndrome
Grange syndrome is a rare autosomal recessive syn-
drome first described in 1998 and characterized by 
progressive arterial narrowing broadly similar to focal 
FMD in angiographic appearance and distribution, 
congenital cardiac defects (patent ductus arteriosus, 
bicuspid aortic valve, and ventricular septal defect), 
brachydactyly, syndactyly, bone fragility with multiple 
fractures, and learning disabilities.22

The vascular spectrum of the disease includes RAS 
with hypertension. While only a limited number of cases 
have been identified since the initial report,22 this unique 
entity has recently come to the forefront, since the group 
of Dianna Milewicz37 has identified mutations in YY1AP1 
at the origin of the disease. The latter gene codes for the 
YY1 (yin yang 1)-associated protein 1—an activator of the 
YY1 transcription factor and a component of the INO80 
chromatin remodeling complex, which is responsible for 
transcriptional regulation, DNA repair, and replication.37

Other Rare Entities Seldom Associated With 
RAS
Finally, RAS or aneurysms have also been occasionally 
reported in patients with Marfan syndrome,38 tuberous 

Figure 3. Rare causes of renovascular 
hypertension—nonstenotic lesions.
A, Female patient, 37-y-old, with 
moderate hypertension, screened for 
secondary causes of hypertension. 
Computed tomographic angiography 
(CTA) shows an arteriovenous fistula in 
the lower part of left kidney (arrow). B, 
Male patient, 35-y-old, with left flank pain 
at admission and worsening hypertension 
control. CTA performed after ultrasound 
screening discloses a thrombus in the 
abdominal branch of left renal artery 
(arrow), with parenchymal ischemia 
visible in axial scan (arrow).
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sclerosis,39 Turner syndrome,40 Pseudoxanthoma elasti-
cum,41 and VACTERL syndrome.42

RENAL ARTERY COMPLICATIONS 
FOLLOWING AORTIC DISSECTION
Population-based studies estimate the annual incidence 
of aortic dissection (AD) at between 2.9 and 3.5 per 
100 000. Twenty-five percent to 30% of patients with 
acute AD demonstrate peripheral vascular ischemia. 
The renal circulation is the second most commonly 

malperfused arterial bed in AD, following iliofemoral 
arteries (11%).43

Angiographic findings of the largest reported cohort 
with renal malperfusion accompanying AD demonstrated 
that right and left renal arteries arose exclusively from 
the true, false, and both lumens in 70% versus 42%, 7% 
versus 20%, and 23 versus 38%, respectively.43–45

The pressure difference between the false lumen and 
true lumen may allow the mobile intima-media flap to 
bulge into the ostia of renal arteries, leading to either tran-
sient (dynamic) or persistent (static) obliteration of renal 
artery ostia.44,45 Dynamic obstruction, which is intermittent 

Figure 4. Abnormalities in patients with Alagille and Williams syndrome.
A, Infant with Alagille syndrome showing typical facial features: a broad, prominent forehead, deep-set eyes, and a small, pointed chin 
(courtesy of Dr Dorota Wicher, Department of Clinical Genetics, The Children’s Memorial Health Institute, Warsaw, Poland) B, Three-
dimensional image of the abdominal arteries depicting extensive collateral circulation through the Riolan arcade and marginal artery of 
Drummond due to celiac trunk and superior mesenteric stenoses, as well as critical right renal artery stenosis (arrow) in a 16-y-old girl with 
Alagille syndrome (courtesy of Dr Jędrzej Sarnecki, Department of Diagnostic Imaging, The Children’s Memorial Health Institute, Warsaw, 
Poland). C, Coronal multiplanar reconstruction image showing bilateral multiple renal cystic lesions in the same patient (courtesy of Dr 
Jędrzej Sarnecki, Department of Diagnostic Imaging, The Children’s Memorial Health Institute, Warsaw, Poland). D, Th11 butterfly vertebra in 
a male neonate with Alagille syndrome (courtesy of Dr Jędrzej Sarnecki, Department of Diagnostic Imaging, The Children’s Memorial Health 
Institute, Warsaw, Poland). E, Three-dimensional image of the thoracic aorta depicting the supravalvular aortic stenosis (arrow) in a 3-y-old 
boy with Williams syndrome (courtesy of Dr Jędrzej Sarnecki, Department of Diagnostic Imaging, The Children’s Memorial Health Institute, 
Warsaw, Poland). F, Three-dimensional image of the abdominal arteries depicting bilateral renal arteries stenoses (arrows) and celiac trunk 
stenosis (arrow) in a 2-y-old boy with Williams syndrome (courtesy of Dr Jędrzej Sarnecki, Department of Diagnostic Imaging, The Children’s 
Memorial Health Institute, Warsaw, Poland).
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in nature, more commonly causes renal malperfusion syn-
drome and is responsible for ≈80% of cases.

There are 2 distinct mechanisms of dynamic renal 
malperfusion.43–45

In the first one, the false lumen pressure increases 
rapidly as a result of poor outflow, which in turn results in 
a true lumen compression. Insufficient flow through the 
true lumen may lead to kidney hypoperfusion when renal 
artery perfusion is maintained by the true lumen.43–46 This 
process occurs most commonly in the setting of a deep 
proximal tear with the absence of a large distal fenes-
tration. Hypertension may result from diminished kidney 
perfusion with subsequent local renal ischemia and sec-
ondary activation of the renin-angiotensin system.

The second mechanism of dynamic obstruction 
reflects the mobility of the intimal flap—when the false 
lumen prolapses into the renal artery ostium, flow is 
dynamically compromised. Static obstruction, charac-
terized by narrowing or occlusion of branch vessels, 
is the consequence of false lumen protrusion into the 
branch vessel with subsequent thrombosis.43–46 In some 
patients with AD and kidney malperfusion, the renal 
artery may be occluded by means of a dissecting hema-
toma propagating along the renal artery trunk and asso-
ciated with a renal infarction.43–46

Of note, this mechanism is reversible and the initial 
ischemic episode caused by the hematoma and subse-
quent dissection of the vessel is followed by circumferen-
tial reentry of the dissection into renal artery trunk. This 
phenomenon leads to the relief of obstruction, reperfu-
sion, and finally recovery of renal flow and improvement 
of renal function. Under such circumstances, renal artery 
inflow is supported both by true and false lumen.43,47

The most frequent presentation of acute AD is 
sudden-onset severe chest or back pain that migrates 
from chest to lower back. Not infrequently, initial neu-
rological signs coexist with pain, ranging from transient 
or permanent central nervous symptoms, including 
syncope, to various spinal signs such as paraparesis 
or paraplegia.43,47

Clinical suspicion of renal artery malperfusion in 
patients with AD is based on worsening hypertension or 
evolving renal insufficiency manifested by oliguria, anuria, 
or a rise in serum urea and creatinine.43,44 CTA is currently 
the most widely used noninvasive diagnostic modality for 
AD and is also able to demonstrate renal hypoperfusion 
or infarction, where present, in most cases of AD with or 
without renal artery dissection.43–45 Evidence of kidney 
malperfusion may include radiographic evidence of com-
pression of the true lumen, presence of renal parenchy-
mal infarction, visualization of an occlusive intimal flap, or 
asymmetrical kidney enhancement.

Despite significant progress in diagnosis of renal mal-
perfusion, the positive predictive value of CTA for malp-
erfusion remains imperfect and approaches only 70%. A 
study of the diagnostic accuracy of CTA and MRI showed 

that pooled sensitivities (98%–100%) and specificities 
(95%–98%) were comparable to confirm or rule out 
AD.43,44 Renal duplex ultrasonography has also an added 
value. Increased proximal renal artery peak systolic and 
diastolic velocity in combination with a reduced intrarenal 
resistance index have been shown to suggest renal mal-
perfusion. Additionally, a normal distal renal artery wave-
form has been shown to carry a negative predictive value 
of 100% for malperfusion.44,46,47

The management of patients with renal artery dis-
section secondary to AD should be individualized. Tech-
niques to alleviate renal malperfusion, especially if a 
proximal thoracic endovascular aortic repair does not 
resolve renal ischemia, include central aortic fenestration, 
branch artery stenting, or combination of both.48–50

Persistent hypertension, older age, smoking, aortic 
size, and the presence of a patent false lumen are all 
predictors of late complications. The 10-year survival of 
patients with acute dissection ranges from 30% to 60%. 
Of note, AD predisposes the entire aorta and its branches 
to dissection, aneurysm formation, and rupture.47

ISOLATED RENAL ARTERY DISSECTION
Isolated renal artery dissection (IRAD) that does not 
occur as a consequence of AD is uncommon. The exact 
prevalence of IRAD is unknown and probably underes-
timated. Importantly, in specific contexts such as renal 
infarction, it may reach 40%.51

Hypertension due to IRAD may result from functional 
RAS, distal parenchymal embolization of a mural throm-
bus, or from hemodynamic changes/turbulence in the 
dissected vessel, all leading to decreased renal perfu-
sion and activation of the renin-angiotensin system. Con-
versely, hypertension may be a causative factor.

IRAD is most commonly associated with atheroscle-
rosis and FMD.52 IRAD may also be iatrogenic, resulting 
from interventional procedures such as percutaneous 
balloon angioplasty and stenting53 or radiofrequency 
renal nerve ablation.54

Less common disease associations include vas-
cular Ehlers-Danlos syndrome, Marfan syndrome, 
malignant hypertension, blunt trauma, and strenuous 
physical activity.

A recent study including 61 patients with unexplained 
renal artery dissection has shown the added value of 
brain-to-pelvis arterial scanning to define etiology and 
prognosis. Indeed, by contrast with patients with renal 
artery dissection in the context of FMD or harbor-
ing aneurysm(s) or dissection(s) of other arterial beds, 
patients with confirmed IRAD (39% of the whole series) 
appear to be at low risk of recurrent dissection, either in 
renal or other arterial beds.55 Based on these findings, 
in the absence of known underlying vascular disease, 
whole body arterial scanning deserves to be considered 
in all patients with apparent IRAD.56
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IRAD typically presents with acute flank or abdominal 
pain but may be silent and discovered incidentally. IRAD 
can also present as a rapid onset of severe hypertension. 
Finally, renal dysfunction progressing to renal failure may 
be a manifestation of IRAD when renal perfusion of the 
affected kidney is compromised.

Duplex ultrasound is a noninvasive method allowing 
measurement of flow in the renal arteries, measurement 
of reduced intrarenal resistance index, and increased 
acceleration time and renal perfusion. However, it may 
not be sensitive enough when the dissection affects dis-
tal renal arteries.52

Unless contraindicated due to low glomerular filtra-
tion, CTA should be performed. Images often show a lin-
ear filling defect in the lumen or a uniform narrowing. 
CTA also allows detection of renal infarction.

No prospective randomized controlled trials have com-
pared medical therapy to intervention. Medical therapy is 
an appropriate strategy when estimated glomerular filtra-
tion rate is stable and when symptoms and hypertension 
can be controlled medically.57,58 Options are either anti-
platelet or anticoagulation treatment.59

In the largest case-series reported in patients with 
IRAD and uncontrolled hypertension, Pellerin et al have 
shown that renal artery PTA and stenting was safe and 
effective in 16 consecutive patients. After a mean follow-
up of 8.6±3.4 years, mean BP was within normal limits 
on ≤2 hypertensive agents, plasma creatinine levels were 
also normal, and all stents were patent on imaging.60

The results of surgical treatment have been reported 
in a case-series of 22 patients with IRAD and uncon-
trolled hypertension. Surgical treatment consisted of 
arterial repair (17) or nephrectomy (8). Hypertension 
was cured in 9 patients (41%), BP was improved in 11 
(50%), and unchanged in 2 (9%).61 An observational 
study of 23 patients with symptomatic IRAD aimed to 
manage all patients conservatively. Over a mean of 20 
months, 8 patients required endovascular interventions, 
and there were 4 dissection-related deaths.62 This study 
indicates that patients with IRAD are a high-risk group, 
whether treated medically or with intervention, and that 
close follow-up is warranted.

RENAL ARTERITIS–TAKAYASU ARTERITIS
RAS can also be secondary to an arteritis, defined as 
inflammation of the renal artery. The most common arteritis 
involving the renal arteries is Takayasu arteritis, which is a 
chronic, progressive, granulomatous, large-vessel panarter-
itis with preferential involvement of the aorta and its major 
branches. Takayasu arteritis affects women in 80% to 90% 
of cases, with a mean age at diagnosis between 25 and 
30 years, and is more frequent in Asia and South Africa.63

Diagnosis is based on criteria established by the 
American College of Rheumatology in 1990. At least 
3 of the following 6 criteria have to be present for 

differentiating Takayasu arteritis from other systemic 
vasculitis, including age at diagnosis (onset, ≤40 years), 
claudication of the extremities, decreased brachial artery 
pulse, BP difference >10 mm Hg between limbs, a bruit 
over the subclavian arteries, or angiographic abnormali-
ties on imaging.64 Hypertension is found in more than half 
of cases. Imaging abnormalities include arteriographic 
narrowing or occlusion of the entire aorta, its primary 
branches or large arteries in the proximal upper or lower 
extremities, not due to arteriosclerosis, FMD, or similar 
causes. Changes are usually focal or segmental.65

Laboratory abnormalities usually reflect the inflamma-
tory process. However, after the initial phase, systemic 
inflammation does not always show a positive correlation 
with inflammatory activity in the vessel wall.

The pathogenesis of Takayasu arteritis remains 
unknown, although some hypotheses have been sug-
gested, including genetic involvement (HLA-B*52 gene 
association), infectious (association with tuberculosis), 
and autoimmune causes. The underlying pathophysiology 
of renovascular hypertension in patients with Takayasu 
arteritis is RAS. Dysfunction of baroreceptors of the aor-
tic sinus and the carotid arteries may also play a role.65

Imaging of the arterial tree should be performed by 
CTA, magnetic resonance angiography, or color Doppler 
ultrasound. Imaging shows vessel wall thickening and 
luminal narrowing. 18-fluorodeoxyglucose positron emis-
sion tomography with computed tomography is highly 
sensitive in determining the extent and severity of inflam-
mation in the arterial wall and can, therefore, differentiate 
Takayasu arteritis from FMD.63

First-line management includes pharmacological treat-
ment with antihypertensive drugs, glucocorticoids, con-
ventional immunosuppressive agents, and biologic agents 
including tumor necrosis factor inhibitors.66 Revasculariza-
tion, either by endovascular or open surgical strategies, 
should be delayed until inflammation has resolved, as 
complications are more likely to occur when inflammation 
is active.67 Endovascular treatment of RAS is the interven-
tion of first choice. Surgical revascularization of the renal 
arteries is reserved for patients with other aortic patholo-
gies or those in whom the endovascular approach failed.65

Other vasculitides such as Cogan syndrome, Behçet dis-
ease, polyarteritis nodosa, Kawasaki disease, and giant cell 
arteritis may involve the renal arteries as well.15,68,69 There-
fore, clinical evaluation should be thorough and include the 
search for interstitial keratitis and vestibule-auditory dys-
function, recurrent oral aphthae and erythematous nodules, 
and 18-fluorodeoxyglucose positron emission tomography 
for the detection of inflammatory aortitis.

SEGMENTAL ARTERIAL MEDIOLYSIS
SAM is an uncommon nonatherosclerotic, noninflam-
matory arteriopathy. Its incidence in the United States is 
estimated to be as high as 1/100 000 cases per year.70
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The three largest series (>300 patients) report a male 
preponderance.71–73 Patients usually present for the first 
time in their 50’s, most commonly with abdominal pain. 
Those vessels most commonly affected include mesen-
teric, renal, and iliac arteries, with multiple vessel involve-
ment in the majority of cases.71–73 Carotid, cerebral, and 
coronary artery involvement has also been described.74 
Renovascular hypertension is a rare presentation of SAM. 
One large series of 117 patients reports acute hyperten-
sion as a presenting feature in 13.7% (16 patients) and 
renal artery involvement in 49.6%.73 Other relevant publi-
cations are single case reports.75–77

SAM itself has 2 distinct pathological phases—the 
injurious and the reparative phases. Features of the inju-
rious phase include mediolysis, resulting in dilation and 
aneurysms, and a tear that separates the media from 
the adventitia, bleeding into which results in dissections. 
Features of the reparative phase include repair by fibro-
sis, resulting in stenoses similar to those found in FMD, 
and thrombosis, which leads to arterial occlusions.78 In 
the largest series of hypertensive cases published, the 
specific underlying arterial lesion was not documented. 
The commonest radiological findings in this cohort were 
dissection, focal stenosis, beading, and occlusion,73 all 
of which can cause hypertension if renal arteries are 
involved. Additional case reports of SAM document 
hypertension due to renal arterial dissection.75–77 The 
underlying cause of SAM is unknown, and no predispos-
ing factors have been identified.

The principal imaging hallmark of SAM is the dissect-
ing aneurysm. A peripheral isolated arterial dissection 
is also suggestive.74 Otherwise, the diagnosis of SAM 
should be considered in those patients who present with 
aneurysms, a string-of-beads appearance, arterial ste-
nosis, or occlusion, without an alternative diagnosis of a 
connective tissue disorder, vasculitis, or FMD and with 
negative inflammatory markers.79 It is impossible radio-
graphically to distinguish the string of beads of SAM 
from that of FMD. The diagnosis of FMD requires the 
presence of a stenosis; in those patients who present 
with nonstenotic arterial lesions, particularly dissecting 
aneurysms, SAM should be considered. Even histologi-
cally, if in the reparative phase, SAM and FMD can be 
indistinguishable.78

Management ranges from conservative to endo-
vascular (coil embolization, angioplasty, or stenting) 
or open surgery (organ resection±arterial repair).70 Of 
the 16 patients in the large series who presented with 
acute hypertension, four were treated with interven-
tion, but the type of intervention and the outcomes were 
not described.73 In the three individual case reports, 2 
patients were treated with renal artery angioplasty and 
1 was managed conservatively.75–77 Both patients who 
received intervention were complicated; one had hyper-
tensive encephalopathy, and the second failed medical 
treatment.77 The patient managed medically alone had 

a good response to medical therapy and did not require 
further intervention.76

Patients with SAM are generally followed up with 
angiography; up to 30% progress on imaging, after an 
average follow-up of 3 years.73 Both patients described 
in the case reports who had renal artery intervention 
had completion angiograms that showed no significant 
residual stenosis. Their BP improved, but they were 
kept on antihypertensive medication (β-blockers and 
calcium channel blockers) as prophylaxis against future 
aneurysm rupture.75,77 The patient who received medical 
management only was weaned off antihypertensives at 
6 months and CTA confirmed almost complete regres-
sion of the dissections.76

IDIOPATHIC ANEURYSM
Each main renal artery has an internal diameter of 6.2 
to 6.6 mm.80 A RAA is defined as a focal dilated seg-
ment of all 3 layers of the renal arterial wall that exceeds 
1.5× the diameter of the disease-free proximal adjacent 
arterial segment.81 RAAs are uncommon, occurring in 
≈0.09% of the general population.82

Approximately 70% of patients with RAA have hyper-
tension.83 Hypotheses for the mechanism include

• Coexistent RAS,83–85

• Distal parenchymal embolization from dislodged 
mural thrombus,86

• Compression or kinking of associated renal artery 
branches,

• Hemodynamic changes from turbulent blood flow 
within the aneurysm resulting in decreased distal 
renal artery perfusion,83 which can induce renin-
dependent hypertension.87

Idiopathic RAAs are more likely to present in the sixth 
decade of life.88–91 Women, including multiparous women, 
are more commonly afflicted with RAA92 and have multi-
vessel involvement. The majority of these patients lack tra-
ditional cardiovascular risk factors other than hypertension.

FMD is primarily a stenotic disease. It is, however, 
increasingly recognized that aneurysms form part of the 
disease spectrum and occur with higher frequency than 
thought previously3 but on their own are insufficient for a 
diagnosis of FMD. It is possible that many cases of idio-
pathic RAA may in fact be due to FMD. Other causes of 
RAA include atherosclerotic degeneration, vasculitides 
(eg, Behçet disease, Takayasu, giant cell arteritis), pha-
komatoses (eg, tuberous sclerosis, neurofibromatosis), 
hereditary arteriopathies (eg, Loeys-Dietz syndrome),90 
intrinsic collagen deficiency (eg, vascular Ehlers-Dan-
los91 or Marfan syndromes), and SAM.

Many RAAs are detected incidentally in asymptom-
atic individuals88 and can be associated with other vis-
ceral artery aneurysms (of the splenic or hepatic arteries). 
Symptoms beyond hypertension are rare (4%–23%) and 
include abdominal or flank pain, as well as hematuria.93 
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Chronic kidney disease has been identified in 4% to 14% 
of patients with aneurysms.84,94 Two-thirds of RAA affect 
the right renal artery88 possibly due to the longer vessel 
length, with the average reported RAA size being 1.3 
to 3.8 cm, and operative series reporting larger diame-
ters.88,89 Two-thirds originate in the main renal artery bifur-
cation; the majority (85%) are saccular, and 18% to 68% 
calcified.88 Ten percent to 20% of RAAs are bilateral.82 
Eight percent to 11% demonstrate thromboembolism.

Medical management hinges on tight BP control and 
smoking cessation. Certain types of small (<2 cm) aneu-
rysms may not be treated but undergo surveillance for 
growth or development of other complications. Currently 
accepted indications for intervention include size >2 cm, 
any size above 1 cm in pregnancy (rupture during preg-
nancy has been described in aneurysms as small as 0.5 
cm),92,95 pain, hematuria, refractory hypertension, throm-
boembolism, dissection, and rupture.82,83,88 Syndromes 
such as the Loeys-Dietz syndrome96 are associated with 
an increased risk of aneurysm rupture. The presence of 
calcification is not associated with a lower risk of rupture. 
Treatment may be endovascular (eg, coiling, covered 
stents) or surgical (resection or bypass), depending on 
aneurysm location.

A large, contemporary, multi-institutional study of 865 
RAAs of all causes in 760 patients demonstrated that 
asymptomatic RAAs rarely rupture (even when >2 cm).88 
Aneurysm repair can cure hypertension in 32% and 
improve hypertension in 26% of patients with difficult-
to-control hypertension.88,89

The natural history of RAA is likely more benign than 
historic reports have suggested, with a low risk of rupture, 
slow to null rate of growth, and improved survival follow-
ing rupture. While short-term follow-up at 1 year remains 
prudent for a newly diagnosed RAA, subsequently longer 
intervals between surveillance imaging may be appro-
priate. The exception is pregnancy given the increased 
risk of rupture, and should it happen, the poor prognosis 
for both mother and fetus. The potential for gestational 
rupture, therefore, remains a valid indication for repair in 
women of child-bearing age.92

RENAL ARTERIOVENOUS FISTULA
Renal arteriovenous fistula (rAVF) is defined as a single 
direct communication between a renal artery and an 
adjacent vein. Since most of rAVFs are asymptomatic 
and remain undetected, their real incidence is unknown 
but should be low.97,98

Hypertension is found in about 40% of patients with 
rAVF and may be caused by local renal ischemia result-
ing from a short circuit of blood with secondary activation 
of the renin-angiotensin system.97,99 It has been reported 
that rAVF may be a cause of severe hypertension in 
pregnancy, and successful embolization has been fol-
lowed by subsequent decrease in BP.100 It should also 

be taken into consideration that a subset of patients with 
rAVF may have in fact coexisting essential hypertension.

rAVFs comprise about 70% to 80% of renal arterio-
venous abnormalities and can be divided into congenital 
and acquired types.97 Congenital rAVFs are high-flow 
shunts, and the compromised vessels are enlarged, 
sometimes with associated venous aneurysms. Acquired 
rAVFs are more common than congenital rAVFs and usu-
ally result from percutaneous renal biopsy, penetrating 
trauma, surgery, malignancy, or inflammation. It has been 
reported that arteriovenous fistulas may be associated 
with renal FMD.42,97,101,102

The largest study based on routine Doppler ultra-
sound evaluation has shown that rAVF is a frequent 
vascular complication after percutaneous renal biopsy, 
with an estimated incidence of 14.4%. Most rAVFs 
(95%) were asymptomatic, and 47% closed spontane-
ously in <30 days.103

The clinical manifestations of rAVFs vary widely, from 
an asymptomatic presentation, flank pain, or hematuria 
to hypertension.97,104 In patients with rAVF, increased 
cardiac output and hypertension may lead to the devel-
opment of cardiac failure in about 40% of subjects, 
with severity of symptoms and hemodynamic changes 
depending on blood flow through the fistula.97 On physi-
cal examination, the most frequent clinical signs of rAVF 
are widened pulse pressure, brisk arterial pulsation, mild 
tachycardia, and a bruit over the region where the fistula 
is localized.99 Duplex Doppler sonography is the preferred 
initial diagnostic method, and available studies indicate 
its effectiveness in diagnosing and following patients 
with rAVFs. This method is also suitable for detection of 
rAVF following kidney allograft biopsy.97 Ultrasonography 
of arteriovenous fistulas shows increased flow velocity, 
decreased arterial resistance, and arterial waveforms 
in the outflow vein. The resistive index of the feeding 
artery may be dramatically decreased—to between 0.30 
and 0.40.105 Spiral CTA and magnetic resonance angi-
ography may be useful in detecting rAVF, although the 
definite diagnosis of arteriovenous malformations must 
be confirmed by arteriography, which remains the gold 
standard.97 With CTA or magnetic resonance angiogra-
phy, rAVFs are characterized by a single dilated feeding 
artery and early enhancement of a dilated draining vein. 
The renal parenchyma overlying the fistula may become 
atrophic secondary to ischemia.105

In symptomatic patients with volume overload and 
heart failure, closure of rAVF is indicated with good 
chance of a definitive cure. Endovascular therapy with 
embolization is considered the effective and safe pro-
cedure of choice in the treatment of rAVF. It allows per-
manent closure of the nidus and feeding vessels with 
preservation of unaffected renal parenchyma.97 Surgery 
is reserved for those patients who are not candidates 
for embolization of shunt vessels, primarily because of 
anatomic reasons, including magnitude and multiplicity 
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of the shunt vessels. The goals of surgical treatment are 
excision of the fistula, ligation of the feeding vessels, or 
partial or total nephrectomy.106 The interventional or sur-
gical treatment of rAVF should preserve function of the 
renal parenchyma, resolve symptoms, and restore normal 
intrarenal hemodynamics with subsequent normalization 
or improvement of BP control. Long-term follow-up is 
recommended for all patients.

RENAL ARTERY THROMBOSIS
Isolated renal artery thrombosis is extremely rare, and 
only a few cases have been reported to date.107 The 
mechanism of hypertension in patients with renal artery 
thrombosis is multifactorial. Pain secondary to isch-
emia from infarction or an associated arterial dissec-
tion can increase BP acutely. Ischemia itself induces a 
reflex activation of both the renin-angiotensin and the 
sympathetic nervous systems.108 Renal artery thrombo-
sis secondary to other causes is much more common 
than isolated renal artery thrombosis and may have 
a prevalence of ≈2/100 000.109 Underlying arterial 
causes include atherosclerosis, dissecting hematoma, 
FMD, dissection, aneurysm,51 and trauma (including 
instrumentation and renal transplantation).110 Thrombo-
philic causes include cancer, vasculitis, sickle cell ane-
mia, nephrotic syndrome,111 antiphospholipid antibody 
syndrome,112 sepsis, and coronavirus disease 2019 
(COVID-19).113 Embolic causes include atrial fibrillation 
and valvular or aortic wall disease.51

The clinical presentation of patients with renal artery 
thrombosis is nonspecific and may be insidious, which 
may lead to a delayed diagnosis. Flank or abdominal 
pain is usually present and can be associated with 
nausea, vomiting, fever, and hypertension. Microscopic 
hematuria is often reported, macroscopic hematuria is 
rare, and proteinuria may be present in patients with 
chronic complete renal artery occlusion.114 Labora-
tory abnormalities are also nonspecific and include an 
increase in leukocyte count, lactate dehydrogenase, 
C-reactive protein, serum creatinine, and a fall in esti-
mated glomerular filtration rate.

Color Doppler ultrasonography has a lower sensitiv-
ity than other modalities but is noninvasive and can be 
valuable in the follow-up after treatment of renal artery 
thrombosis.115,116 A decreased peak systolic velocity, with 
tardus parvus arterial wave forms may be observed.116 
When the renal artery is completely occluded, the 
absence of intrarenal blood flow can be documented.117 
Renal isotope scans and CTAs have a good diagnostic 
sensitivity.115 The gold standard radiological exam is renal 
artery angiography.

Treatment should be decided on a case-by-case 
basis.118 Options include anticoagulation or catheter-
directed thrombolysis. Once thrombolysis is complete, 
if an underlying arterial lesion is uncovered, it may be 

managed by angioplasty or stenting.119 Trauma may 
necessitate open surgical thrombectomy and artery 
repair.120

Successful outcomes have been described after 
both anticoagulation and intervention.118 A series of 10 
patients who presented with acute renal artery throm-
boembolism underwent catheter-directed thromboly-
sis. Five also had angioplasty of underlying renal artery 
lesions. Immediate angiographic success was achieved 
in 7 patients. After 3 days, one of these patients had a 
recurrence of thrombosis but underwent a second suc-
cessful catheter-directed thrombolysis.121

CONCLUSIONS
The different rare stenotic and nonstenotic causes of 
RVHT discussed in this article represent an important 
though heterogeneous group of entities to be considered. 
The clinical manifestations of these renal artery lesions 
vary widely, from an asymptomatic presentation to the 
development of refractory hypertension. Because of the 
controversies surrounding their nature and classification, 
they may present a diagnostic dilemma. However, under-
standing of the natural history, vascular anatomy, and 
hemodynamics of these lesions helps to determine the 
best therapeutic option, avoiding potentially catastrophic 
vascular complications. Nowadays, surgical treatment of 
these lesions has been largely replaced by endovascular 
procedures, which allows management of these poten-
tially curable forms of RVHT with preservation of unin-
volved renal parenchyma.
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