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Radiologic Assessment of Native 
Renal Vasculature: A Multimodality 
Review1

A wide range of clinically important anatomic variants and patholog-
ic conditions may affect the renal vasculature, and radiologists have 
a pivotal role in the diagnosis and management of these processes. 
Because many of these entities may not be suspected clinically, renal 
artery and vein assessment is an essential application of all imaging 
modalities. An understanding of the normal vascular anatomy is es-
sential for recognizing clinically important anatomic variants. An un-
derstanding of the protocols used to optimize imaging modalities also 
is necessary. Renal artery stenosis is the most common cause of sec-
ondary hypertension and is diagnosed by using both direct ultrasono-
graphic (US) findings at the site of stenosis and indirect US findings 
distal to the stenosis. Fibromuscular dysplasia, while not as common 
as atherosclerosis, remains an important cause of renal artery hyper-
tension, especially among young female individuals. Fibromuscular 
dysplasia also predisposes individuals to renal artery aneurysms and 
dissection. Although most renal artery dissections are extensions of 
aortic dissections, on rare occasion they occur in isolation. Renal ar-
tery aneurysms often are not suspected clinically before imaging, but 
they can lead to catastrophic outcomes if they are overlooked. Unlike 
true aneurysms, pseudoaneurysms are typically iatrogenic or post-
traumatic. However, multiple small pseudoaneurysms may be seen 
with underlying vasculitis. Arteriovenous fistulas also are commonly 
iatrogenic, whereas arteriovenous malformations are developmental 
(ie, congenital). Both of these conditions involve a prominent feed-
ing artery and draining vein; however, arteriovenous malformations 
contain a nidus of tangled vessels. Nutcracker syndrome should be 
suspected when there is distention of the left renal vein with abrupt 
narrowing as it passes posterior to the superior mesenteric artery. 
Filling defects in a renal vein can be due to a bland or tumor throm-
bus. A tumor thrombus is most commonly an extension of renal cell 
carcinoma. When an enhancing mass is located predominantly within 
a renal vein, leiomyosarcoma of the renal vein should be suspected.
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After completing this journal-based SA-CME 
activity, participants will be able to:

 ■ Identify native renal vascular variants 
and describe their clinical implications.

 ■ Describe the advantages and disadvan-
tages of various imaging modalities in the 
detection of renal vascular disease and 
determine optimal imaging protocols.

 ■ List the spectrum of pathologic condi-
tions that can affect the native renal arter-
ies and veins and the appropriate manage-
ment of these entities.

See www.rsna.org/education/search/RG.

SA-CME LEARNiNg ObjECtiVES

introduction
Vascular disease affecting the native renal arterial and venous system 
poses a unique challenge to radiologists. These challenges range from 
those faced in commonly encountered clinical scenarios, such as the 
workup of secondary hypertension or hematuria, to those related to 
rare and often clinically unsuspected diagnoses such as vasculitis. 
The radiologist’s search protocol should include the renal vascular 
structures, as these are often clinically asymptomatic but may have 
important implications for disease management. When a vascular ab-
normality is suspected, imaging protocols can be tailored to optimize 
detection. In addition, it is important that the radiologist be able 
to recognize the vascular nature of lesions to avoid a catastrophic 
biopsy and appropriately direct disease management.

This copy is for personal use only. To order printed copies, contact reprints@rsna.org
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Figure 1. Drawing illustrates the normal and variant vascu-
lar anatomy of the kidney. The renal artery arises below the 
superior mesenteric artery and supplies arterial branches to 
the adrenal gland and capsular branches. Early branching ves-
sels, also known as prehilar branches, arise less than 1.5–2.0 
cm from the origin of the renal artery. Accessory renal arteries 
enter the renal hilum and may arise above or below the main 
renal artery. In contrast, polar arteries enter the kidney outside 
the hilum. The normal preaortic left renal vein passes posterior 
to the superior mesenteric artery and may receive tributaries 
from the lumbar, suprarenal, and gonadal veins. A retroaortic 
left renal vein may occur alone or as part of a circumaortic vein.

below the main renal artery, and when they are 
present, they cross anterior to the ureter and 
have the potential to cause obstruction (1). In 
contrast to accessory renal arteries, which enter 
the kidney through the hilum, aberrant renal 
arteries, also known as polar arteries, enter the 
kidney through the capsule outside the hilum 
(5). Before kidney donation procedures, imag-
ing is performed to assess the vasculature for 
multiple renal arteries, as the presence of more 
than two renal arteries is a relative contraindica-
tion to surgery (6).

The main renal artery supplies small 
branches to the adrenal gland, ureter, peri-
nephric tissue, and renal capsule (1). Prehilar 
branches of the main renal artery that arise 
less than 1.5–2.0 cm from the origin should 
be noted in patients who are being evaluated 
as possible renal donors, because these early 
branches may complicate the surgical arterial 
anastomosis (6). Near the renal hilum, the main 
renal artery divides into segmental arteries that 
course through the renal sinus to supply five 
arterial segments of the kidney—specifically, the 
apical, superior, middle, inferior, and posterior 
segments (1). A relatively avascular plane known 
as the Brödel bloodless line of incision exists 
between the posterior segment and remaining 
anterior segments (2,7). This avascular plane is 
found at the junction of the anterior two-thirds 

Anatomy
Approximately 20% of cardiac output is directed 
to the kidneys by way of the paired renal arteries 
(1). The main renal artery normally arises from 
the abdominal aorta, below the level of the supe-
rior mesenteric artery at the L2 vertebral body 
level (Fig 1) (2). The main renal artery is typically 
4–6 cm in length and 5–6 mm in diameter. The 
right main renal artery is longer and often origi-
nates slightly superior to the left renal artery (1). 
The right renal artery is the only major vessel to 
course posterior to the inferior vena cava (IVC).

Accessory renal arteries are found in approxi-
mately 30% of individuals and are present bilat-
erally in 10% of individuals (1). Anomalous renal 
vasculature is much more common in patients 
who have renal fusion and positional anomalies. 
For example, more than 60% of patients with 
horseshoe kidney have multiple renal arteries 
arising from the aorta, iliac arteries, or even the 
inferior mesenteric artery (3). Likewise, there 
is wide variation in the renal vascular supply in 
patients with crossed fused renal ectopia (4). The 
fused kidneys may be supplied by a single renal 
artery or multiple renal arteries.

Accessory renal arteries can arise from the 
aorta or iliac arteries, anywhere from the T11 
to L4 vertebral level. Rarely, an accessory 
renal artery may arise from the lower thoracic 
aorta. Accessory renal arteries more often arise 

tEAChiNg POiNtS
 ■ US diagnostic criteria for RAS can be divided into direct signs, 

which are seen at the site of stenosis, and indirect signs, which 
are distal to the stenosis. Direct signs include a PSV greater 
than 200 cm/sec; a renal artery PSV–to–prerenal abdominal 
aorta PSV ratio higher than 3.5:1.0; the lack of a Doppler US 
signal, indicating occlusion; and the presence of color artifacts 
such as aliasing related to turbulence.

 ■ In contradistinction to atherosclerotic stenoses, which are 
seen in the proximal renal artery, FMD-related stenoses tend 
to occur in the middle to distal portion of the renal artery.

 ■ RAAs 1.0–1.5 cm in diameter should be evaluated with sur-
veillance imaging every 1–2 years. Patients with RAAs larger 
than 1.5 cm should be referred for definitive treatment. 
Additional indications for treatment of RAAs include uncon-
trolled hypertension and symptomatic cases due to peripheral 
vascular bed embolism.

 ■ It is especially important to recognize and consider the pres-
ence of crossing vessels owing to the associated risk for hem-
orrhage during minimally invasive therapies. Furthermore, the 
presence of crossing vessels decreases the success rate with 
antegrade endopyelotomy—reportedly from 86% to 42%. In 
addition, intraoperative preservation of crossing vessels is im-
portant for preserving renal function, as these vessels are end 
arteries, which lack an anastomotic communication.

 ■ The diagnosis of renal vein leiomyosarcoma should be sus-
pected when a mass with intravascular extension into the 
renal vein is present without an associated solid organ mass.
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Figure 2.  Drawing illustrates the normal arterial and venous 
supply of the kidney. The main renal artery branches into five 
segmental arteries, which supply end arteries to the renal pa-
renchyma. The lobar arteries branch into interlobar arteries and 
then into arcuate arteries, which mark the corticomedullary 
junction. Venous drainage follows the arterial supply of blood 
to the kidneys.

form a vascular network and then reunites into a 
single vein before draining into the IVC (10).

imaging Protocols
Ultrasonography (US) facilitates the acquisition 
of real-time qualitative and quantitative informa-
tion regarding the renal vasculature. Computed 
tomographic (CT) angiography and magnetic 
resonance (MR) angiography enable the acquisi-
tion of purely anatomic information; however, 
Doppler US has the advantage that it yields 
physiologic data as well. A native-kidney Doppler 
US examination should include measurements 
of the angle-corrected peak systolic velocity 
(PSV) in the abdominal aorta and renal artery at 
the origin, middle portion, and hilum; spectral 
waveforms of the main renal artery and segmen-
tal arteries; acceleration times; and acceleration 
indexes. The PSV in the main renal artery ranges 
from 60 to 100 cm/sec (11). Acceleration time is 
the time from the start of systole to peak systole. 
A normal acceleration time for the main renal 
artery is less than 70 msec. Acceleration index is 
the slope of the systolic upstroke, which should 
be more than 300 cm/sec2. RAS results in an 
increased PSV within the stenotic segment of the 
vessel and an increased acceleration time in the 
vessel distal to the stenotic segment. The resistive 
index is calculated by dividing the difference be-
tween the PSV and end-diastolic velocity by the 
PSV and is calculated at the level of the arcuate 
arteries, with a normal value of 0.60–0.70 (12). 
The resistive index can be elevated owing to a 
number of entities, including ureteric obstruc-

and posterior one-third of the kidney and con-
sidered an optimal route to minimize bleeding 
complications during percutaneous nephros-
tomy or anatrophic nephrolithotomy (7).

Vascular segments of the kidneys are supplied 
by end arteries, which lack an anastomotic com-
munication. Segmental arteries branch into lobar 
arteries that supply an individual renal pyramid. 
Subsequent divisions of the lobar arteries in-
clude their branching into interlobar arteries and 
then into arcuate arteries; this area of branching 
indicates the true corticomedullary junction (Fig 
2). Normally, resistance to blood flow increases 
progressively toward the more peripheral paren-
chymal vessels. Therefore, the pulsus parvus et 
tardus waveform that results from renal artery 
stenosis (RAS) will be most evident in the pe-
ripheral vasculature. The arcuate arteries divide 
into interlobular arteries that supply the afferent 
glomerular arterioles. The kidneys are drained 
sequentially by the interlobular, arcuate, and 
interlobar veins. The lobar veins join to form the 
main renal vein.

The main renal vein usually lies anterior 
to the renal artery at the renal hilum. The left 
renal vein has an average length of 6–10 cm 
and normally courses anteriorly between the 
superior mesenteric artery and aorta before 
emptying into the medial aspect of the IVC. The 
right renal vein has an average length of 2–4 
cm and joins the lateral aspect of the IVC. The 
longer course of the left renal vein makes the left 
kidney the preferred choice for donation. The 
left renal vein receives several tributaries from 
the left adrenal vein superiorly, the left gonadal 
vein inferiorly, and the lumbar veins posteriorly 
before joining the IVC. The right gonadal vein 
drains into the right renal vein in approximately 
8% of cases (8). It is important to identify the 
prominent venous tributaries preoperatively in 
patients who will be undergoing renal donation 
surgery, as these vessels may not be detect-
able intraoperatively (9). Supernumerary renal 
veins are more common on the right side. The 
most common congenital anomaly of the left 
renal venous system is a circumaortic renal 
vein, which is seen in up to 17% of patients. A 
completely retroaortic renal vein is seen in 3% 
of patients (1). Although renal vein variants are 
not considered a contraindication to surgery, 
they should be reported and described when 
found in patients who are being assessed as pos-
sible renal donors (6). A circumaortic renal vein 
also has management implications for IVC filter 
placement, because the filter should be placed 
inferior to the lowest limb of the vein. Plexiform 
left renal vein refers to a rare variant in which 
the renal vein divides beyond the renal hilum to 
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tion and intrinsic renal disease (12). Results of 
spectral analysis of the renal vein may indicate a 
respiratory fluctuation of flow, with an increase 
in flow velocity during inspiration. The left renal 
vein typically exhibits pulsatile variation due to a 
brief compression of the vein between the aorta 
and superior mesenteric artery during systole. 
Although Doppler US offers many advantages, 
it is technically challenging to perform owing to 
the depth and small caliber of the renal vascula-
ture. Anatomic variants, large body habitus, and 
bowel gas can add to the technical difficulty of 
this examination.

CT is a powerful imaging modality for evaluat-
ing the renal vasculature. It offers the advantages 
of fast image acquisition, excellent spatial resolu-
tion, and numerous postprocessing capabilities 
such as maximum intensity projections and curved 
planar reformations. Maximum intensity projec-
tion images are useful for gaining an overview of 
the renal vasculature, and curved planar reforma-
tion images are useful for inspecting long segments 
of the vasculature, particularly those of tortuous 
vessels. CT angiography is the ideal examination 
for detecting and characterizing renal arterial 
abnormalities. It is performed by using a rapid 
contrast material injection rate (5 mL/sec), a scan-
ning delay optimized for arterial enhancement, 
and thin-section isotropic acquisition that enables 
optimal postprocessing. However, venous struc-
tures are better assessed on delayed phase contrast 
material–enhanced CT images obtained after an 
85-second scanning delay.

In certain patients, MR imaging has unique ad-
vantages, as compared with CT and US. In patients 
with renal dysfunction, in whom iodinated contrast 
material administration is contraindicated, time-of-
flight and steady-state free-precession MR imaging 
sequences render valuable information. In patients 
who are able to receive gadolinium-based contrast 
material, MR angiography with subtraction imaging 
is an effective way of highlighting the vascular struc-
tures. MR angiography is performed with coronal 
three-dimensional fast low-angle shot (FLASH) 
imaging by using a test bolus to optimize contrast 
timing. Multiphasic contrast-enhanced acquisitions 
also yield additional information regarding the ve-
nous structures without the additional radiation ex-
posure required for CT. Endovascular renal stents 
are better evaluated with CT angiography owing to 
the blooming artifact seen on MR images.

Processes  
Affecting the Renal Arteries

Renal Artery Stenosis
RAS is the most common cause of secondary hy-
pertension and is found in 1%–5% of all patients 

who have hypertension (13). In greater than two-
thirds of cases of RAS, focal narrowing of the renal 
artery lumen is caused by atherosclerosis. The 
majority of affected individuals are male and older 
than 50 years. Atherosclerotic renovascular disease 
correlates with overall atherosclerotic burden, and 
the prevalence of this condition is higher among 
patients with known coronary artery disease (14). 
RAS leads to reduced perfusion to the kidney, 
which then results in systemic hypertension due 
to activation of the renin-angiotensin system (14). 
RAS is also an important factor of end-stage renal 
disease, particularly in persons older than 50 years 
(9). RAS caused by atherosclerosis typically occurs 
at the origin of the renal artery or within the proxi-
mal 2 cm of the renal artery (9). When stenosis 
is detected, careful inspection of the contralateral 
renal artery is important, as bilateral lesions occur 
in 30% of cases.

US diagnostic criteria for RAS can be divided 
into direct signs, which are seen at the site of ste-
nosis, and indirect signs, which are distal to the 
stenosis (Fig 3) (13). Direct signs include a PSV 
greater than 200 cm/sec; a renal artery PSV–to–
prerenal abdominal aorta PSV ratio higher than 
3.5:1.0; the lack of a Doppler US signal, indicat-
ing occlusion; and the presence of color artifacts 
such as aliasing related to turbulence (Table). 
The flow velocity increases in proportion to the 
degree of luminal narrowing. Disorderly flow de-
tected at the site of the luminal narrowing mani-
fests as turbulence and/or spectral broadening.

Indirect signs of RAS—that is, those distal to 
the site of stenosis—include a spectral waveform 
with a delayed and blunted systolic upstroke 
known as pulsus parvus et tardus; this finding 
correlates with an acceleration index lower than 
300 cm/sec2, an acceleration time longer than 70 
msec, and a loss of early systolic peak (13). The 
presence of a pulsus parvus et tardus waveform 
has a specificity of 96% and a positive predictive 
value of 92% for the diagnosis of RAS; however, 
it has a sensitivity of only 43% (11).

CT angiography is the ideal imaging exami-
nation for the diagnosis of RAS, with greater 
than 90% accuracy (Fig 4). Atherosclerotic le-
sions can have variable amounts of calcification 
and be concentric or eccentric (9). In addition 
to directly visualized luminal narrowing, second-
ary CT signs of hemodynamically significant 
stenosis include poststenotic dilatation, renal 
atrophy, and decreased cortical enhancement 
(9). Although MR angiography has lower spatial 
resolution compared with CT angiography, it 
remains useful for the detection of RAS, with 
reported sensitivities of 90%–100% (15). The 
advantage of both CT angiography and MR 
angiography over US is that they facilitate 
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Figure 3. Direct and indirect US findings in a patient with secondary hypertension due to RAS. (a) Transverse 
US image of the proximal right renal artery (RRA), with spectral Doppler imaging at the level of the stenosis, 
shows an elevated PSV (>200 cm/sec) and aliasing, which indicates turbulent blood flow. AO = aorta. (b). Sagit-
tal US image shows a pulsus parvus et tardus waveform distal to the site of stenosis, where there is blunting of 
the systolic peak with a delayed upstroke. This waveform is quantified on the basis of an acceleration time longer 
than 70 msec and an acceleration index lower than 300 cm/sec2. RK UP = right kidney upper pole.

improved detection and evaluation of accessory 
renal arteries, which may harbor stenoses and 
cause secondary hypertension.

Guidelines established by the American College 
of Cardiology and American Heart Association 
call for the use of both medication and revascular-
ization strategies to treat patients with RAS (15). 
Endoluminal stent placement is generally consid-
ered superior to balloon angioplasty for addressing 
atherosclerotic causes of RAS, with higher reported 
outcome success rates and lower restenosis rates 
compared with those associated with angioplasty 
alone (15). Unilateral, nonostial, isolated, short-
segment atherosclerotic stenoses are highly suitable 
for catheter-based interventions. A renal resistive 
index higher than 0.80 has been suggested as an 
indicator of poor therapeutic response to revascu-
larization treatment (16). Surgical reconstruction 
is generally reserved for patients in whom catheter-
based treatment of RAS was unsuccessful.

Fibromuscular Dysplasia
Fibromuscular dysplasia (FMD) is a nonath-
erosclerotic noninflammatory vascular disease 
of medium-sized and large arteries that results 
in focal areas of irregular wall thickening (16). 
FMD is the second most common cause of 
RAS and is found in younger patients, with 
a female-to-male ratio of 9:1 (2). The most 
commonly affected vessel is the renal artery (in 
75% of cases) followed by the internal carotid 
artery (17). FMD results in stenosis, aneurysm, 
dissection, and occlusion of the involved ves-
sels. FMD is subclassified into three categories 
based on the involved arterial layer: medial 
fibroplasia, which accounts for 80%–90% of 
cases; intimal fibroplasia, which accounts for 
10% of cases; and adventitial fibroplasia, which 
has an unknown frequency.

In contradistinction to atherosclerotic steno-
ses, which are seen in the proximal renal artery, 

US Signs of RAS

Direct US signs
 Renal artery PSV > 200 cm/sec
 Renal artery PSV–to–prerenal abdominal aorta PSV ratio > 3.5:1.0
 Lack of Doppler US signal in cases of occlusion
 Doppler US artifacts caused by turbulence (aliasing)
Indirect US signs
 Pulsus parvus et tardus (blunted and delayed systolic upstroke)
 Acceleration index < 300 cm/sec2

 Acceleration time (ie, time to peak systole) > 70 msec

Note.—Direct US signs are those at the site of vessel narrowing. Indirect US 
signs are those distal to the site of narrowing.
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Figure 4. Atherosclerotic RAS in an 82-year-old man with refractory hypertension. Coronal curved planar re-
formatted (a) and coronal maximum intensity projection (b) images from a CT angiogram show a focal severe 
short segment of narrowing (arrow) of the proximal renal artery. Additional atherosclerotic changes and a 
fusiform aneurysm are present in the infrarenal abdominal aorta (* in b). Atherosclerotic renovascular disease 
correlates with overall atherosclerotic burden.

FMD-related stenoses tend to occur in the 
middle to distal portion of the renal artery (2). 
When FMD is discovered in a renal artery, close 
inspection of the contralateral renal artery is 
prudent, because FMD occurs bilaterally in two-
thirds of patients. Up to 10% of all cases of FMD 
have associated renal artery aneurysms (RAAs) 
(18). The most common subtype, medial fibro-
plasia, is characterized by alternating segments of 
stenosis and dilatation, which create the “string 
of pearls” appearance (Fig 5) (17). The intimal 
fibroplasia subtype is characterized by focal long-
segment tubular areas of luminal stenosis. CT 
angiography has been shown to be 100% sensi-
tive for the diagnosis of FMD, and MR angiogra-

phy is reported to have a sensitivity of 97% and a 
specificity of 93% for this diagnosis (19,20).

Percutaneous angioplasty is the treatment of 
choice for RAS caused by FMD (15). Endolu-
minal stent placement and surgical bypass are 
reserved for cases of treatment failure or complica-
tions such as dissection. Catheter-based interven-
tions are more likely to cure secondary hyperten-
sion in patients with FMD compared to those with 
atherosclerotic causes of RAS (14).

Renal Artery Entrapment
Extrinsic compression of the renal artery by 
the crus of the diaphragm or psoas muscle may 
occur owing to an anomalous course of the 

Figure 5. FMD in a 52-year-old 
woman with secondary hyperten-
sion. (a) Coronal maximum in-
tensity projection CT angiogram 
shows a “string of pearls” appear-
ance (arrow) of the right main 
renal artery. This appearance is 
consistent with fibromedial dys-
plasia, the most common subtype 
of FMD. (b) Digital subtraction 
angiogram obtained at the time 
of percutaneous treatment con-
firms the presence of multiple al-
ternating areas of narrowing and 
dilatation (arrow) of the right renal 
artery. Stenosis in cases of FMD 
responds exceptionally well to 
angioplasty.
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Figure 6. Aberrant course of 
the right renal artery inciden-
tally detected in a 55-year-old 
woman. Coronal curved planar 
reformatted (a), axial maximum 
intensity projection (b), and sag-
ittal (c) images from a CT angio-
gram show the high origin of the 
right renal artery (arrow), which 
courses through the right crus 
of the diaphragm. This aberrant 
course predisposes an individual 
to entrapment and may result in 
RAS. However, no associated ste-
nosis was detected in this case.

dissection, such as a segment of uniform luminal 
narrowing, focal vessel cutoff, or distal ischemic 
changes, may be evident (9,24). Catheter angiog-
raphy may be used to confirm equivocal cases and 
plan the endovascular treatment.

Treatment of spontaneous renal artery dis-
section is based on the stability of the dissection 
flap and renal function (22). Stable patients are 
treated conservatively with systemic anticoagu-
lation therapy and observation. For unstable 
patients, endovascular stent placement has been 
shown to lead to favorable long-term outcomes 
and has been suggested as the first-line therapy 
for revascularization (25).

Renal Artery Aneurysm
Aneurysms of the renal artery are true aneurysms 
caused by degeneration and weakening of the 
elastic fibers of the arterial wall, with subsequent 
expansion caused by high intraluminal pressure. 
The estimated prevalence of RAAs is approximately 
0.1% (23); most of them are detected incidentally 
in asymptomatic patients (26). However, patients 
may  present with findings of rupture, thrombosis, 
or embolism. RAAs are associated with systemic 

artery—typically a high origin (21). Renal artery 
entrapment syndrome occurs when this extrin-
sic compression results in arterial stenosis. This 
syndrome can manifest in young patients who 
have renovascular hypertension with no cardio-
vascular risk factors. CT angiograms optimally 
depict the aberrant renal artery course and show 
the extent of extrinsic compression at the level 
of the diaphragm (Fig 6).

Stent placement may be beneficial in cases of 
renal artery entrapment with associated steno-
sis. However, stent placement involves a risk for 
mechanical failure due to diaphragm motion, and 
surgical treatment may be necessary.

Renal Artery Dissection
The majority of renal artery dissections are ex-
tensions of aortic dissections. Dissections isolated 
to the renal artery are a known complication 
of endovascular procedures and blunt abdomi-
nal trauma. However, spontaneous renal artery 
dissection is a rare entity that occurs without 
a known inciting event. Predisposing factors 
include FMD, malignancy-related hypertension, 
severe atherosclerosis, Marfan syndrome, Ehlers-
Danlos syndrome, subadventitial angioma, cystic 
medial necrosis, cocaine abuse, and extreme 
physical exertion (22). Patients present with non-
specific symptoms, including acute onset of flank 
pain, decreased renal function, and hypertension.

Spontaneous renal artery dissections most often 
originate in the distal main renal artery (23). CT 
angiography is the imaging examination of choice 
for noninvasive diagnosis of renal artery dissection 
(Fig 7). CT angiography may show a focal dissec-
tion flap, with the true lumen in continuity with 
the aortic lumen. Often, however, the dissection 
flap is not visualized on cross-sectional images ow-
ing to the small caliber or thrombosis of the renal 
artery (6). In such cases, only secondary signs of 
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Figure 7. Isolated spontaneous renal artery dissection in a 47-year-old man with acute onset of right flank pain. Coronal (a, c) and 
sagittal (b) images from a CT angiogram show a dissection flap (arrow in a and b) in the middle segment of the right renal artery. 
The aorta (not shown) was free of dissection. (c) Ischemic end-organ changes (*) are present in the upper pole of the right kidney. 
The patient was treated with anticoagulation medication, and the dissection flap was found to be stable at follow-up imaging.

hypertension in 73% of cases. Thirty-four percent 
of patients have underlying FMD (27).

Most RAAs involve the main renal artery, and 
the most common site is at the main renal ar-
tery bifurcation (60%) (Fig 8) (27). Only 10% 
of RAAs are intraparenchymal (23). Most RAAs 
are saccular and noncalcified (28). US images 
demonstrate an anechoic mass, with the Dop-
pler flow in contiguity with the main renal artery. 
However, dense aneurysm wall calcification and 
mural thrombosis may mask the Doppler flow. 
Nonenhanced CT is useful for assessing the 
degree of peripheral calcification. It is postulated 
that mural calcification provides some protection 
against aneurysm rupture (9). CT angiography is 
the optimal examination for characterizing RAAs 
and detecting additional visceral artery aneurysms. 

Approximately 6.5% of patients with RAAs have 
aneurysms elsewhere, such as the abdominal aorta 
and/or splenic artery (27). MR angiography is 
useful for RAA surveillance, as it does not involve 
patient exposure to ionizing radiation.

The management of RAAs is based in part on 
the size of the aneurysm and the clinical setting; 
however, size does not have a direct correlation 
with rupture (29). RAAs 1.0–1.5 cm in diameter 
should be evaluated with surveillance imaging 
every 1–2 years (30). Patients with RAAs larger 
than 1.5 cm should be referred for definitive 
treatment (28). Additional indications for treat-
ment of RAAs include uncontrolled hyperten-
sion and symptomatic cases due to peripheral 
vascular bed embolism. Pregnant women also are 
at high risk for RAA rupture (28). The mortality 
rate associated with RAA ruptures is 10% and 
increases to 50% with pregnancy (23). Patients 
with branch-type RAAs can be treated with 
catheter embolization; those with main RAAs can 
be treated with covered stent placement, surgical 
ligation, or surgical bypass.

Pseudoaneurysm.—Pseudoaneurysms of the renal 
artery occur as a result of direct injury to the arte-
rial wall with subsequent disruption and extravasa-
tion of the blood contained in the arterial adventi-
tia or surrounding tissues (26). Pseudoaneurysms 
occur most often in response to iatrogenic or pen-
etrating trauma (31). Multiple intraparenchymal 
pseudoaneurysms can develop with vasculitis and 
as a result of amphetamine use (26). A pseudoan-
eurysm rupture may manifest as hematuria, flank 
pain, and/or hypotensive shock.

Renal artery pseudoaneurysms typically have 
a saccular morphology and a direct arterial com-
munication (Fig 9). On gray-scale US images, 
pseudoaneurysms may mimic renal cysts, and 
color Doppler US images show the “yin-yang” 
sign, which represents the turbulent “to-and-
fro” flow detected at spectral Doppler US. This 

Figure 8. RAA in a 51-year-old woman with 
hypertension. Maximum intensity projection 
image from a CT angiogram shows a 2.0-cm 
saccular aneurysm arising from the branching 
point of the right renal artery. This is the most 
common location of RAAs. The subtle undula-
tion of the main renal artery is due to mural ir-
regularity related to underlying atherosclerosis. 
The patient underwent surgical repair of the 
aneurysm and was treated with medication for 
hypertension.
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Figure 9. Iatrogenic pseudoaneurysm in a 48-year-old woman who had persistent flank pain and hematu-
ria after undergoing robotic partial nephrectomy for papillary renal cell carcinoma in the upper pole of the 
right kidney. (a) Axial CT image shows an intrarenal collection of contrast material (arrow) in the upper pole 
of the right kidney (∗). A heterogeneous collection is present between the upper pole of the right kidney and 
the liver. Low-attenuating foci represent hemostatic material around the upper pole of the kidney placed 
at the time of surgery. (b) Digital subtraction angiogram obtained at the time of endovascular treatment 
shows an extravascular pooling of contrast material (arrow), consistent with a pseudoaneurysm, in the up-
per pole of the kidney. The patient was successfully treated with coil embolization of the distal intrarenal 
arterial branches, without a decline in renal function.

alternating flow at the pseudoaneurysm neck is 
due to dynamic pressure gradients that occur 
between the pseudoaneurysm and the artery 
from which it arises. CT angiography shows an 
intrarenal focus of arterial enhancement and of-
fers the advantages of multiplanar reformatting 
and detection of associated renal injuries. MR 
imaging is useful for patients with renal impair-
ment, and nonenhanced MR images may show 
a flow void, which indicates the vascular nature 
of a lesion.

Small pseudoaneurysms may resolve sponta-
neously. Patients with pseudoaneurysms larger 
than 2 cm are at high risk for rupture and require 
definitive treatment. Treatment with transcatheter 
embolization in the emergent setting is associated 
with a success rate of 93% for controlling hemor-
rhage while preserving the renal parenchyma (32).

Mycotic RAA
Mycotic RAAs result from arterial wall degenera-
tion and disruption that are caused by infectious 
arteritis. These processes result in pseudoaneu-
rysm formation and a ruptured vessel retained in 
surrounding inflammatory tissue. Immunosup-
pression and intravenous drug abuse are known 
risk factors. Most patients present with signs and 
symptoms of sepsis (33). Mycotic RAAs can arise 
from septic emboli from a distant site of infection 
or, rarely, as a direct complication of pyelonephri-
tis or renal abscess. They have also been associ-
ated with renal artery stent placement (26).

As with most pseudoaneurysms, mycotic aneu-
rysms are characterized by a saccular morphology 
(33). Inflammatory changes are key to determin-
ing the diagnosis and may include vessel wall 
thickening, soft-tissue enhancement, adjacent fat 

stranding, and/or fluid collections (33). Imaging 
findings of underlying pyelonephritis or renal ab-
scess also are helpful in suggesting the diagnosis.

Intravenous antibiotic administration is war-
ranted for cases of infected aneurysms. How-
ever, aneurysms that are symptomatic or larger 
than 2 cm may require emergent surgical or 
endovascular repair (34).

Renal Artery Occlusion
Occlusion of the main renal artery may lead to 
infarction of the kidney in as little as 60 minutes 
owing to the lack of collateral blood flow (9). 
Occlusion may result from thrombosis or throm-
boembolism. Underlying atherosclerotic disease 
is often present in cases of acute thrombosis. Em-
bolic disease most often originates from the heart 
and is due to atrial fibrillation, post–myocardial 
infarction thrombi, or valvular heart disease (35). 
However, renal artery embolism is relatively un-
common, occurring in approximately 2% of cases 
(36). Patients present with an acute onset of flank 
pain, hematuria, nausea, vomiting, and hyper-
tension; a history of trauma or recent surgery 
may help determine the diagnosis. Serum lactate 
dehydrogenase is the most sensitive serologic 
marker for renal infarction (37). Although renal 
function is preserved during the acute phase, 
renal impairment is a known sequela—especially 
when diagnosis is delayed (38). In cases of acute 
thrombosis, chronic RAS is protective against 
renal infarction owing to the development of col-
lateral vessels over time (6).

US can be used to detect areas of renal in-
farction with complete loss of Doppler signal. 
However, compared with CT and MR imaging, 
US has lower sensitivity—especially in the detec-
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Figure 10. Left renal artery thrombosis in a 62-year-old man who had decreased renal function and renovascular hypertension 
after undergoing abdominal aortic aneurysm repair. Axial (a) and coronal (b) images from a CT angiogram show a low-attenuating 
thrombus (arrow) in the proximal left main renal artery and dense atherosclerotic calcification at the left ostium. In a, the left kidney 
is atrophic and has decreased perfusion (*) compared with the perfusion of the right kidney. In cases of acute renal artery occlu-
sion, underlying RAS is protective against renal infarction owing to the development of collateral vessels in the circulation. Only the 
uncovered portion of the abdominal aortic endograft extends above the renal artery origins to maintain blood flow to the kidneys.

tion of small infarcts. Contrast-enhanced CT 
images show infarction as a wedge-shaped area 
of nonenhancement or global nonenhancement 
of the renal parenchyma. The “cortical rim” sign 
refers to a 1–3-mm rim of subcortical enhance-
ment caused by the preserved flow of blood sup-
plied from capsular perforating vessels (39). CT 
is useful for determining the underlying cause, 
such as dissection, atrial thrombus, or cardiac 
valve vegetation (Fig 10). CT may also reveal 
infarcts affecting other organs, such as the spleen; 
these occur in 34% of patients. Remote infarcts 
appear as areas of cortical loss and parenchymal 
retraction. Bilateral renal infarction occurs in 
16% of cases, and underlying atrial fibrillation 
or coagulopathy is the usual cause in such cases 
(38). Contrast-enhanced MR images show find-
ings similar to those seen at CT. Nonenhanced 
MR images show variable alterations in renal 
parenchymal signal intensity, which depend on 
the age of the infarction. Catheter angiography is 
the reference-standard imaging examination for 
detection of renal artery occlusion and is useful 
for determining the level and degree of occlusion.

Most patients with renal artery occulsion are 
treated conservatively with hypertension control 
and anticoagulation therapies, as attempts at 
revascularization tend to have low success rates 
(36). Thrombolytic therapy is beneficial only 
when the renal parenchyma is viable. Patients 
with global or segmental infarcts who present 
within 2 days of onset may benefit from endo-
vascular revascularization (36).

Systemic Disorders  
Affecting the Renal Arteries

Polyarteritis Nodosa
Polyarteritis nodosa is a systemic necrotizing 
vasculitis that affects medium-sized and small 
arteries (40). The renal vasculature is the most 

common site of involvement; it is the involved 
site in 90% of patients with polyarteritis nodosa 
(40,41). The nonspecific systemic clinical symp-
toms of persistent fever, weight loss, and polyar-
thragia can lead to a delayed diagnosis.

CT images show diffuse enlargement and 
hypoattenuation of the kidneys (42). T2-weighted 
MR images show diffuse high signal intensity 
(42). Multiple small bilateral infarcts of various 
ages distributed among the interlobar and arcuate 
arteries also should raise suspicion of underlying 
vasculitis. Infarcts of other organs, most com-
monly the spleen, also point to the systemic na-
ture of polyarteritis nodosa. Gastrointestinal tract 
involvement, as evidenced by bowel wall thicken-
ing, is the second most commonly encountered 
end-organ abnormality (43). Angiography shows 
multiple microaneurysms of the distal interlobar 
and arcuate arteries. These microaneurysms are 
typically 2–3 mm in diameter, which may be 
beyond the spatial resolution that is possible with 
CT angiography and MR angiography. However, 
CT angiography and MR angiography offer the 
advantage that they show parenchymal changes 
that are not evident on standard angiograms. 
The abnormality most commonly detected at CT 
angiography is RAA; however, stenosis, occlusion, 
and arterial wall irregularity also may be present 
(43). The rupture of microaneurysms may result 
in the spontaneous development of a perinephric 
hematoma (Fig 11) (41).

Polyarteritis nodosa is usually fatal if it is left 
untreated; associated renal failure and cardiac 
and cerebral infarctions are major causes of 
patient mortality. However, the early initiation 
of immunosuppressant treatment improves the 
prognosis (42).

Other Vasculitides
Systemic lupus erythematosus and vasculitis 
caused by the use of narcotic drugs such as 
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Figure 11. Polyarteritis nodosa in a 26-year-old man 
who presented with hematuria. Axial CT image shows 
multiple small aneurysms (short thin arrows) in the 
kidneys and spleen (long thin arrow) and a large right 
perinephric hematoma (thick arrow). (Reprinted, with 
permission, from reference 43.)

methamphetamines and cocaine and chemo-
therapeutic drugs such as vinblastine, cisplatin, 
and bleomycin can cause findings similar to those 
of polyarteritis nodosa (44). Neurofibromatosis, 
Takayasu arteritis, and radiation-induced arteri-
opathy are rare causes of RAS and RAAs (9).

Neurofibromatosis
Neurofibromatosis type 1 (NF-1) is an autosomal 
dominant disorder that affects multiple organ 
systems, including the central nervous system, and 
predisposes the affected individual to a variety of 
neoplasms. Vascular disease is the second most 
common cause of death, after malignancy, in 
patients with NF-1 (45). It causes a vasculopathy 
that is postulated to be due to cellular proliferation, 
degeneration, and eventual fibrosis (45). Although 
pheochromocytoma is the most common cause 
of secondary hypertension in adult patients with 
NF-1, the secondary hypertension in pediatric 
patients with this disorder is most often caused 
by RAS (46). Vascular abnormalities are found in 
0.4%–6.4% of patients with NF-1, and the renal 
artery is the most commonly involved artery, being 
affected in 41% of patients with associated vas-
cular abnormalities (45). Unlike atherosclerotic 
stenosis, NF-1–associated stenoses often occur 
in patients younger than 50 years, spare the renal 
artery origin, are long and tapered, and extend 
into segmental and intrarenal branches (45). The 
stenoses involved with NF-1 are bilateral in 32% 
of patients. Less commonly, NF-1 manifests with 
RAAs. Compared with atherosclerotic RAAs, the 
aneurysms associated with NF-1 are often intrare-
nal (45). Surgical treatment of NF-1–related RAS 
is preferred over endovascular therapy because of 
the high rate of restenosis associated with angio-
plasty (45).

takayasu Arteritis
Takayasu arteritis is an idiopathic inflammatory 
vascular disorder most commonly found in young 
women of Asian descent (47). Takayasu arteritis 
typically affects large and medium-sized elastic ar-
teries and manifests with stenoses, occlusions, and 
less commonly aneurysms (48). Although the great 
arch vessels are the most commonly involved, renal 
artery involvement also is common. CT angiog-
raphy and MR angiography show smooth luminal 
stenoses and complete occlusions. An additional 
benefit of CT angiography and MR angiography, 
as compared with catheter angiography, is the 
depiction of vessel wall thickening. In fact, vessel 
wall thickening, edema, and enhancement are early 
inflammatory changes that precede stenosis (49). 
Vessel wall changes, even in the absence of luminal 
changes, are reliable parameters for monitoring 
disease activity in patients being treated with im-

munosuppressive therapy (49). Revascularization 
with catheter-based techniques is prone to reste-
nosis owing to the ongoing inflammatory nature of 
Takayasu arteritis. Surgical bypass may be required 
for cases of long-standing renal artery lesions and 
has been shown to improve hypertension and renal 
function (48).

Arteriovenous Communications

Arteriovenous Malformation.—Renal arteriove-
nous malformations (AVMs) are developmental 
anomalies in which an abnormal connection is 
present between a renal artery and renal vein ow-
ing to a nidus consisting of a network of abnor-
mal vessels (29). Renal AVMs are usually symp-
tomatic; gross hematuria results from the rupture 
of small venules into calyces that is caused by 
abnormally increased intravascular pressure (29). 
Other symptoms include renovascular hyperten-
sion, high-output cardiac failure, and flank pain.

Renal AVMs are classified into cavernous and 
cirsoid types. Cavernous AVMs are supplied by 
a single arterial feeding vessel. Cirsoid AVMs are 
supplied by multiple arterial feeding vessels that 
have a corkscrew appearance (29). Doppler US 
images demonstrate turbulent high flow in the 
vascular channels, with low resistance waveforms 
(Fig 12). CT angiography with multiformat re-
construction is useful for delineating the feeding 
artery, nidus, and early draining vein. CT is also 
valuable for searching for complications of renal 
AVMs, such as subcapsular or perinephric hema-
toma (41). MR imaging is useful for patients with 
renal impairment, because even on nonenhanced 
images, prominent flow voids can be appreciated 
within the lesion (44).
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Endovascular treatment involving alcohol 
ablation of the nidus and feeding vessels is the 
treatment of choice (29). For larger AVMs, coil 
embolization may be required; however, care 
must be taken to avoid losing coils in the venous 
circulation (29).

Arteriovenous Fistula.—An arteriovenous fistula 
(AVF) is an abnormal direct connection of an 
artery to a vein without an intervening capillary bed 
(41). Most renal AVFs are acquired, and they usu-
ally have an iatrogenic cause such as percutaneous 
nephrostomy or result from penetrating trauma. 
In up to 18% of cases, AVFs occur after renal 
biopsy. Idiopathic cases are postulated to occur 
when an RAA ruptures into an adjacent vein. 
Most patients are asymptomatic, although they 
may present with hematuria and flank pain.

Spectral Doppler US images of AVFs show in-
creased flow velocity, decreased arterial resistance, 
and arterial waveforms in the outflow vein. The re-
sistive index of the feeding artery may be dramati-
cally decreased—to between 0.30 and 0.40 (50). 

At CT angiography and MR angiography, renal 
AVFs are characterized by a single dilated feeding 
artery and early enhancement of a dilated drain-
ing vein (Fig 13) (41). Renal parenchyma overly-
ing the fistula may become atrophic secondary to 
ischemia that is caused by vascular shunting.

Most renal AVFs resolve spontaneously with-
out treatment. Transcatheter embolization is the 
treatment of choice for symptomatic cases; com-
pared with surgical treatment, it facilitates greater 
preservation of renal function. Although a variety 
of endovascular embolic strategies have been de-
scribed, coil embolization is the most commonly 
used (32). Surgical treatment may be required for 
larger renal AVFs.

Arteriovenous Connections Associated with Renal 
Cell Carcinoma.—Both AVFs and AVMs may be 
associated with renal malignancy. Renal AVMs 
are postulated to result from angiogenic factors 
that are caused by the malignancy and induce 
the formation of abnormal vascular connections 
(29). AVFs associated with renal malignancies are 

Figure 12.  AVM in a patient with 
hematuria. (a) Sagittal color Dop-
pler US image of the right kidney 
shows a feeding artery (arrow) lead-
ing to a nidus of vessels with turbu-
lence. The turbulence manifests as 
aliasing (*), which is indicative of 
high blood flow. (b) Coronal refor-
matted CT angiogram better de-
lineates the feeding artery (arrow), 
nidus (*), and dilated draining vein 
(arrowhead). (c) Angiogram ob-
tained at the time of endovascular 
treatment confirms the presence of 
the AVM (*) and depicts the dilated 
early draining vein (arrowhead). 
The arrow points to the feeding 
artery.
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Figure 13. Large AVF. (a) Transverse gray-scale US image shows an anechoic cystlike mass (*) in the right kidney. 
(b) Transverse spectral Doppler US image shows arterial waveforms, which confirm the vascular nature of the mass. 
(c) Axial contrast-enhanced CT image shows dilated vascular channels (*) in the central region of the right kidney. 
(d) Preoperative angiogram shows a dilated feeding artery (*) and an early draining vein, with early opacification of 
the IVC (arrow).

thought to result from tumor invasion and the 
development of communicating vascular spaces 
within necrotic tumors (51). Fistulas in metastatic 
lesions from renal cell carcinoma also have been 
reported (51). Patients may present with gross 
hematuria and hypertension. When the fistula is 
large, shunting of blood flow may result in high-
output cardiac failure. The AVFs seen with renal 
cell carcinoma usually are small (Fig 14). When 
the AVF is large, the vascular communication may 
obscure the underlying renal mass (52). Surgical 
management of renal cell carcinoma, with resec-
tion of the AVF, leads to improved hypertension 
and heart function in symptomatic patients.

Secondary Ureteropelvic Junction 
Obstruction Caused by Crossing Vessels 
Obstruction of the ureteropelvic junction results 
from impedance in the normal flow of urine 
from the renal pelvis into the proximal ureter, 

which leads to renal collecting system dilatation. 
A crossing vessel compressing or distorting the 
ureteropelvic junction may be the primary cause 
of the ureteropelvic junction obstruction, or it may 
coexist with other causes (53). A crossing vessel 
can be seen in 29%–46% of cases of ureteropel-
vic junction obstruction (44). Accessory vessels 
supplying the lower pole of the kidney may arise 
from the renal vessels, aorta, vena cava, or iliac 
vessels. Patients may present with acute renal colic 
or chronic back pain, and the symptoms may be 
related to periods of increased fluid intake. Other 
signs include hematuria and pyelonephritis.

CT angiography is highly sensitive and specific 
for defining crossing vessels and is preferred 
over catheter angiography, which may not depict 
crossing veins (Fig 15). Most often, the crossing 
vessel is anterior to the ureteropelvic junction, 
although it may be posterior to this junction in 
5%–10% of cases (44). Diuretic-phase techne-



RG  •  Volume 37  Number 1  Al-Katib et al  149

tium Tc 99m mertiatide (MAG3) or technetium 
Tc 99m pentetic acid (DTPA) renal scintigraphy 
is useful for assessing the functional importance 
of the renal collecting system dilatation.

Surgery is indicated for impaired renal function 
or worsening symptoms. Previously, the standard 
surgical intervention was open pyeloplasty. How-
ever, the recent advent of minimally invasive en-
dourologic techniques—namely, endopyelotomy—
and laparoscopic or robot-assisted laparoscopic 
pyeloplasty has led to improvements in postopera-
tive recovery, although these procedures may be 
more technically challenging (9). It is especially 
important to recognize and consider the presence 
of crossing vessels owing to the associated risk for 
hemorrhage during minimally invasive therapies. 
Furthermore, the presence of crossing vessels 
decreases the success rate with antegrade endopy-
elotomy—reportedly from 86% to 42% (54). In 
addition, intraoperative preservation of crossing 
vessels is important for preserving renal function, 
as these vessels are end arteries, which lack an 
anastomotic communication. Thus, the preopera-
tive detection of crossing vessels at the ureteropel-
vic junction, whether these are the primary cause 
of obstruction or an incidental finding, can have 
important implications for surgical planning.

Processes  
Affecting the Renal Veins

Nutcracker Syndrome
The nutcracker phenomenon occurs when the 
left renal vein is compressed between the aorta 
and superior mesenteric artery and conse-
quently results in left renal vein hypertension. 
The term nutcracker syndrome refers to the clini-
cal signs and symptoms that can result from this 
anatomic finding (55). Nutcracker syndrome 
has also been reported in association with a 
retroaortic course of the left renal vein, which 
results in a compression between the aorta 

and vertebral body (56). Nutcracker syndrome 
is commonly found in thin young females. A 
history of recent substantial weight loss also is 
implicated in cases of nutcracker syndrome (57). 
Hematuria and flank pain are common clinical 
symptoms (58). Additional symptoms related to 
pelvic congestion syndrome also may be present. 
Compression of the left renal vein can cause left 
renal vein–to–gonadal vein reflux that results in 
lower limb varices and varicoceles in males (56).

The normal angle between the superior mes-
enteric artery and abdominal aorta is greater than 
45° (59). In abnormal cases, the superior mesen-
teric artery branches from the aorta at an acute 
angle of 35° or less, with steep caudal descent, 
and compresses the left renal vein (56,59). Dop-
pler US has been suggested as the initial imag-
ing examination of choice for the diagnosis of 
nutcracker syndrome; it has a reported sensitivity 
and specificity of 78% and 100%, respectively 
(60). With US, venous stenosis can be detected 
by comparing the peak velocity in the vein 
proximal to the aortic transition with the peak 
velocity in the vein distal to the aortic transition 
and comparing the anteroposterior diameter of 
the left renal vein at the level of the renal hilum 
with this diameter at the point of the superior 
mesenteric artery crossing. A reduction in the 
inner diameter of the left renal vein between the 
renal hilum and point of stenosis by a factor of 
at least 3 in a supine patient and by a factor of 
at least 5 in a standing patient for at least 15 
minutes is a criterion for US-based diagnosis of 
nutcracker syndrome (59). CT facilitates better 
anatomic delineation of the superior mesenteric 
artery, aorta, and left renal vein. The “beak” sign 
refers to the abrupt narrowing, with a triangular 
configuration, at the aortomesenteric portion of 
the left renal vein depicted at CT (Fig 16). This 
finding is reported to have a sensitivity of 91.7% 
and a specificity of 88.9% (58). Sagittal CT 
angiography and MR angiography are useful for 

Figure 14. AVF associated with renal 
cell carcinoma of the lower pole of the 
kidney in a 56-year-old woman. Coronal 
thin (a) and thick (b) maximum intensity 
projection images show an enhancing 
mass (white arrow) in the lower pole of 
the left kidney. The prominent vascular 
communication (*) in the superior mar-
gin of the mass was created by a promi-
nent feeding artery (black arrow) and 
early draining vein (arrowhead).



150  January-February 2017 radiographics.rsna.org

Figure 16. Nutcracker syndrome in an 86-year-old woman with recent weight loss. (a) Axial CT image through the left renal 
vein shows the beak sign (arrow)—that is, an abrupt luminal narrowing and triangular configuration of this vessel as it crosses 
between the aorta and superior mesenteric artery. (b) Axial CT image inferior to the renal vein shows multiple perirenal col-
lateral vessels (arrowhead) and opacification of the left gonadal vein (arrow).

assessing the angle between the proximal supe-
rior mesenteric artery and aorta. When present, 
prominent collateral draining vessels—including 
the paralumbar, gonadal, and hemiazygos veins—
suggest marked obstruction of blood flow. Angi-
ography can be used in conjunction with pressure 
gradient measurements to confirm the diagnosis 
in equivocal cases. A pressure gradient of greater 
than 2 mm Hg between the IVC and renal vein 
suggests outflow obstruction (57).

Surgical and endovascular treatments are 
available for symptomatic cases of nutcracker 
syndrome (56). Open surgical procedures include 
renal vein transposition, superior mesenteric ar-
tery transposition, renal autotransplantation, and 
gonadocaval bypass. Endovascular stent place-
ment in the renal vein has a high success rate; 
however, its long-term efficacy is unknown.

Renal Vein Thrombosis
Thrombosis that leads to narrowing or occlu-
sion of the renal vein can be caused by a bland 
or tumor thrombus. Patients present with gross 
hematuria, flank pain, and signs of renal fail-
ure. Risk factors of bland renal vein thrombosis 
include glomerulonephritis, collagen vascular 
disease, diabetes, and trauma.

Renal vein thrombosis occurs more commonly 
on the left side—probably because of the longer 
course of the left renal vein. Rarely, left renal vein 
thrombosis is due to extension of a thrombus 
from the left gonadal vein. US is usually the 
initial examination performed in cases of clinically 
suspected renal vein thrombosis. US images may 
show a loss of corticomedullary differentiation in 
addition to renal enlargement. Color Doppler US 
images show absent flow in the renal vein and re-
versal of diastolic flow in the main renal artery. On 
CT images, acute renal vein thrombosis is seen as a 
hypoattenuating filling defect within a dilated renal 
vein (Fig 17) (2). Secondary signs include delayed 
renal cortical enhancement, edema in the renal 
sinus and perinephric space, and ipsilateral renal 
enlargement. In chronic cases of renal vein throm-
bosis, multiple collateral vessels may develop. The 
sensitivity and specificity of contrast-enhanced MR 
venography for diagnosis of renal vein thrombosis 
have been shown to be similar to those of CT 
(61). Trauma-induced renal vein thrombosis almost 
invariably manifests with additional renal artery or 
parenchymal injury (Fig 18) (62,63).

Anticoagulant therapy is the treatment of 
choice for bland renal vein thrombosis. Throm-
bolytic therapy can be administered in cases of 

Figure 15. Ureteropelvic junction ob-
struction in a 59-year-old woman with he-
maturia. Coronal CT urogram shows right 
hydronephrosis and a dilated renal pelvis 
(*). A crossing vessel (arrows) is present at 
the ureteropelvic junction. The crossing 
vessel is a small accessory renal vein of the 
lower pole of the kidney draining into the 
right gonadal vein. The patient underwent 
successful robot-assisted laparoscopic py-
eloplasty with intraoperative identification 
of the crossing vessel.
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Figure 17. Right renal vein thrombosis in a 29-year-old woman with acute-onset right flank pain. 
(a) Coronal CT image shows an enlarged edematous right kidney (*). (b) Axial CT image through the 
right kidney shows an intraluminal filling defect (arrow) in the right renal vein, extending into the IVC. 
(c) The defect (arrow) can also be detected on an axial nonenhanced steady-state free precession MR 
image. The patient was treated with systemic anticoagulation therapy, and follow-up imaging findings 
indicated resolution of the thrombosis.

bilateral renal vein thrombosis with acute renal 
failure. Placement of a suprarenal vena cava 
filter may be considered for select patients with 
thrombosis extending into the IVC.

Renal Vein Tumor Thrombosis

Renal Cell Carcinoma.—The malignancy that 
most commonly invades the renal veins is renal 
cell carcinoma. Patients may present with gross 
hematuria, flank pain, and a flank mass. Secondary 
symptoms include lower extremity edema, right-
sided varicocele that does not collapse with recum-
bency, and dilated superficial abdominal veins.

Figure 18. Renal vein thrombosis in a 14-year-
old boy with a history of blunt trauma and se-
vere renal laceration. Axial (a) and coronal (b) 
contrast-enhanced CT images show a low-at-
tenuating filling defect (arrows) within the seg-
mental right renal veins, extending into the main 
renal vein and IVC. There are extensive posttrau-
matic changes in the right kidney, including a 
perinephric hematoma and grade 5 laceration, 
as defined by the American Association for the 
Surgery of Trauma as a laceration that results in 
a completely shattered kidney. This patient was 
not a candidate for anticoagulation therapy ow-
ing to the renal trauma, which was managed 
nonsurgically. A jugular approach was used to 
place a retrievable suprarenal IVC filter for tem-
porary protection from pulmonary embolus.
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Figure 19. Tumor thrombus secondary to renal cell carcinoma in a 65-year-old man. (a) Axial CT image shows a mass in the right 
kidney, with an intraluminal filling defect in the right renal vein extending into the IVC (arrow). (b) The filling defect (arrow) is also 
demonstrated on an axial contrast-enhanced T1-weighted in-phase MR image. (c) Axial fluorine 18 fluorodeoxyglucose positron 
emission tomographic image shows activity that corresponds to the filling defect seen in a and b and confirms the presence of a 
metabolically active tumor thrombus (arrow). The patient underwent open radical nephrectomy with IVC thrombectomy.

Determining the extent of renal vein involve-
ment is crucial for surgical planning. Although 
enhancement within the thrombus is indicative of 
malignant involvement, lack of enhancement does 
not exclude the presence of a tumor thrombus. 
Compared with CT and MR imaging, US has 
lower sensitivity for detection of tumor thrombi 
(64). CT has been shown to enable an accurate 
determination of the extent of a tumor thrombus 
in cases of renal cell carcinoma (Fig 19). However, 
MR imaging remains the examination of choice 
for this application because it can depict a coex-
istent bland thrombus. Loss of the normal flow 
void within the renal vein is a useful finding for 
detecting renal vein thrombosis at nonenhanced 
MR imaging. The superior extent of a thrombus 
is important for surgical planning, and imaging 
should be performed within 7–10 days of surgery, 
as these tumors may propagate rapidly.

Nephrectomy with tumor thrombectomy is the 
standard treatment for patients with renal vein 
involvement by renal cell carcinoma. Long-term 
cancer-free survival is achieved after surgical 
resection in up to 40%–65% of patients. Antico-
agulation therapy is needed if a bland thrombus 
is present in addition to a tumor thrombus.

Other Tumors.—Aside from renal cell carcinoma, 
many other tumors can invade a renal vein. Adre-
nocortical carcinoma is an uncommon tumor that 
rarely has been shown to invade the renal veins 
and IVC. Complete resection is the only curative 
treatment for patients with adrenocortical carci-
noma. Tumor extension into the renal veins and 
IVC is not a contraindication to surgery (Fig 20).

Wilms tumor is the most common renal and 
abdominal malignancy of childhood. Intravascular 
extension of a Wilms tumor occurs in 6% of indi-

viduals (Fig 21). There is no substantial difference 
in survival outcomes between persons with and 
those without intravascular extension. However, 
intravascular extension is associated with an in-
creased incidence of surgical complications.

Upper tract urothelial cell carcinoma has been 
reported to extend into the renal veins; however, 
this is an unusual finding (65). Renal angiomyo-
lipomas, while histologically benign, can extend 
into the renal veins and IVC—albeit rarely—and 
result in a pulmonary embolism (66). Rarely, 
renal oncocytoma demonstrates intravascular ex-
tension that mimics that of renal cell carcinoma 
(67). However, intravascular extension of oncocy-
toma does not portend a poor prognosis.

Figure  20. Adrenocortical carcinoma with 
intravascular extension in a 74-year-old man. 
Coronal CT image shows a large right adrenal 
gland mass (*) extending into the expanded 
IVC (arrow) and left renal vein (arrowhead).
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Figure 22. Renal lymphoma encasing the renal vasculature in an 83-year-old man. (a) Coronal CT image 
shows an infiltrative mass (*) in the right renal sinus. The mass partially encases the right renal vein (arrow) and 
right renal artery (not shown). (b) Findings on a transverse (TRV) color US image confirm that the right renal 
vein is patent despite substantial tumor encasement. MRV = main renal vein.

Figure 21. Wilms tumor with intravascular extension in a 3-year-old girl with abdominal pain and distention. 
(a) Transverse color US image of the right kidney shows a large heterogeneous mass (*) in the right kidney. A 
tumor thrombus (arrow) is expanding the IVC. (b) Coronal CT image shows a heterogeneous mass (*) in the 
upper pole of the right kidney, with a tumor thrombus (arrowhead) in the right renal vein and extending into 
the IVC (arrow).

Rarely, lymphoma may invade the renal vein 
although venous encasement is more commonly 
encountered (68). However, occlusion of renal 
vasculature by lymphoma is rare despite extensive 
tumor encasement because of the pliable nature 
of the tumor (Fig 22).

Renal Vein Leiomyosarcoma
Leiomyosarcoma is a primary malignant tumor 
arising from smooth muscle. Approximately 5% 
of leiomyosarcomas arise from large blood ves-
sels, with the IVC being the most common site. 

Renal vein leiomyosarcoma occurs more com-
monly in female individuals and manifests as ab-
dominal pain, weight loss, and rarely, pulmonary 
embolism (69).

Renal vein leiomyosarcoma arises more com-
monly on the left side—probably because of the 
longer course of the left renal vein. The tumor 
expands the renal vein and may extend into the 
renal parenchyma and IVC (Fig 23). CT and 
MR images show homogeneous contrast en-
hancement of the tumor; however, solely periph-
eral enhancement may be present. Occasionally, 
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the imaging findings mimic those of renal cell 
carcinoma. Unlike with renal cell carcinoma, with 
leiomyosarcoma, the intravascular component of 
the tumor is larger than the intrarenal component 
(70). The diagnosis of renal vein leiomyosarcoma 
should be suspected when a mass with intra-
vascular extension into the renal vein is present 
without an associated solid organ mass.

The treatment for patients with leiomyosar-
coma is en bloc surgical resection. Neoadjuvant 
chemotherapy and radiation therapy may have an 
important role before surgery (70).

Renal Vein trauma
Injury to the renal vein is a rare complication of 
abdominal trauma; it is seen in 1%–3% of trauma 
cases (71). Injury to the central renal veins can 
result in substantial morbidity and mortality, with 
an associated risk for subsequent renal impairment 
in surviving patients. These injuries are typically 
accompanied by additional signs of abdominal 
trauma, and affected patients usually are symp-
tomatic at presentation. A contained central renal 

Figure  23. Primary leiomyosar-
coma of the left renal vein in a 
59-year-old man who presented 
with low back pain. Axial CT image 
shows a heterogeneous mass (*) 
expanding the left renal vein, with 
intravascular extension into the 
IVC (arrow). The kidney itself is not 
involved. The patient underwent 
en bloc surgical resection with left 
nephrectomy and adrenalectomy, 
as well as IVC thrombectomy.

Figure 24. Isolated renal vein pseudoaneurysm in 
a 46-year-old man who sustained blunt abdominal 
trauma. Axial curved planar reformatted (a) and 
coronal maximum intensity projection (b) images 
from a CT angiogram show a focal contained ex-
traluminal contrast material collection (arrow) in the 
region of the middle left renal vein. Although there 
is extensive retroperitoneal hemorrhage, the renal 
parenchyma is intact. (c) Findings on a digital sub-
traction left renal venogram confirm the presence 
of contained extravasated contrast material (arrow) 
arising from the left main renal vein. The patient un-
derwent covered stent placement on an urgent basis 
for hemodynamic stabilization.

vein rupture that creates a venous pseudoaneurysm 
can be readily detected with CT angiography. The 
finding of a direct defect in the renal vein wall, with 
extravasated contrast material in continuity with 
the vessel lumen, enables confident diagnosis. Ad-
ditional renovascular and parenchymal abnormali-
ties are expected associated findings; isolated renal 
vein pseudoaneurysms are rare (Fig 24). Retro-
peritoneal hemorrhage surrounding the renal vein 
also is a helpful sign of underlying vascular injury. 
Endovascular treatment of the renal vein pseudoa-
neurysm with covered stent placement has been 
shown to be effective for hemodynamic stabiliza-
tion and preserving renal function (71).

Conclusion
Imaging is critical for the diagnosis and manage-
ment of renovascular pathologic conditions, and as 
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such, the radiologist has a crucial role. In addition, 
many of these entities are difficult to recognize 
solely with clinical evaluation, and imaging may 
be the only means of diagnosis. Therefore, inter-
rogation of the renal arteries and veins should be 
an essential part of the search protocol at cross-
sectional imaging of the abdomen. Recognition 
of the vascular nature of these entities will help 
direct patient care and help to avoid unnecessary 
additional workup and potentially dangerous bi-
opsy. In addition, an understanding of the imaging 
protocols used to address renovascular pathologic 
conditions will help radiologists be highly effective 
when describing findings to consulting clinicians.
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