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Introduction

As with other forms of endovascular treatments, renovas-
cular intervention has an established role in adults.

There is an increasing volume of data supporting its use in
children. In particular, it is useful in the diagnosis and man-
agement of pediatric hypertension which often has a renovas-
cular cause. The popularity of endovascular techniques to
treat angiomylipomas as well as nutcracker syndrome (NS) is
growing, and many groups are actively studying the effects of
these treatments. In this review, we present diagnostic fea-
tures of these conditions and discuss their management in
particular, the endovascular techniques used by interven-
tional radiology to treat these conditions.
Renovascular Hypertension
Clinical Diagnosis and Pathologies Causing
Hypertension
The diagnosis of hypertension in children is usually made inci-
dentally (reported to represent 26%-77% of cases).1 Blood pres-
sure (BP) is not often measured in children despite the
guidelines from the USA and Europe which strongly
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recommend regular BP screening in children.2 The recommen-
dations state every child above 3 years of age should have BP
measured at each clinical setting,3 and a recent large study dem-
onstrated 36% of screened children had elevated BP.4 However,
in practice only a third of children attending a hospital appoint-
ment have their BP measured.5 Pediatric hypertension is defined
as systolic BP>95th percentile for age, sex, and height.6 Hyper-
tension is diagnosed on 24-hour ambulatory BP monitoring for
children above the age of 5 years. In younger children, at least 2
consecutive sitting BP measurements taken in repeated visits are
needed to confirm diagnosis of hypertension. Those should be
ideally taken in a relaxed environment, with well-maintained
equipment and with a rest period of at least 5 minutes before
measurement. Early identification and management of hyper-
tension in childhood is helpful to reduce the risk of cardio- and
cerebrovascular events as well as renal damage in the future.7,8

Due to lack of routine BP checking in clinical settings and
a lack of sufficient information on BP, renovascular hyperten-
sion (RVH) is often ignored and/or diagnosed after a consid-
erable time delay by referring physicians. Before obesity
became the leading cause, childhood hypertension was sec-
ondary to other conditions such as endocrine, neurologic,
metabolic but most commonly being renal in origin.9

The incidence of pediatric primary hypertension has
increased and is now more common than secondary hyper-
tension in children older than 6 years.10 The chances of
detecting a secondary cause of hypertension are inversely
proportional to the age at presentation and directly related to
the severity of BP elevation (ie, the younger the child at diag-
nosis and the higher the BP measurement, the more likely a
secondary cause will be found to account for the elevated
BP).11 RVH causes 5%-10% of childhood hypertension and
is potentially amenable to treatment.12,13 RVH is character-
ized as a flow-limiting stenosis in the renal artery system
which leads to upregulation of the renin-angiotensin system
and subsequently elevated systemic BP. The flow limiting
vascular lesion may affect a portion of a kidney or the entire
kidney depending on the site of the affected vessel.1

While most patients present with an incidental finding of
elevated BP, other presenting signs and symptoms include
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hypertensive encephalopathy (including headache, visual
changes, seizures, mental status changes, tinnitus, intracranial
hemorrhage, and facial nerve paralysis), proteinuria/hematuria,
fatigue, abdominal bruit, emesis and rarely heart failure (Fig. 1).1

RVH can be caused by an isolated or multifocal renal
artery stenosis (RAS) most often associated with
a b
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Figure 1 Three years old with symptomatic uncontrolled hyper
ment with right arm weakness, ataxia, slurred speech. (a) Coro
cortex. Systolic blood pressure in the upper limb was 240 and
a stenotic aorta with a critical stenosis at the origin of the righ
renal artery. (c-e) Angioplasty of both renal arteries and the su
ment in vessel caliber seen at repeat angiogram (approximately
fibromuscular dysplasia (FMD) and neurofibromatosis type
1 (NF1). Less common etiologies include Williams syn-
drome, tuberous sclerosis (TS), various vasculitidies
(Takayasu aorto-arteritis arteritis, polyarteritis nodosa, Kawa-
saki disease), prior arterial thrombosis or as a consequence of
prior medical interventions such as radiation vasculopathy or
tension. The patient presented to the emergency depart-
nal FLAIR MRI showed infarction involving right frontal
168 in the lower limb. (b) Cone beam CT demonstrated
t renal artery and a severe narrowing of the proximal left
pra-renal aorta was performed. (f) Significant improve-
6 weeks following the initial procedure).
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transplant renal artery anastomotic stenosis.1,14 RAS can also
be associated with middle aortic syndrome (MAS). RVH is
believed to be familial in 11%-60% of cases, most being con-
sistent with autosomal dominant mode of inheritance with
variable penetrance.

FMD
FMD is the most common cause of RAS in children.15 How-
ever, histologic confirmation of the renovascular lesions is
very rarely obtained thereby making FMD a diagnosis of
exclusion as soon as other typical causes of RAS (such as
Takayasu’s arteritis (TA) and NF1) are ruled out.15

The majority of children in North America and Europe are
diagnosed with FMD, and Takayasu arteritis is the predomi-
nant diagnosis in Asia and South Africa.9 TA is an inflamma-
tory condition with no specific diagnostic findings.
Additional challenges include the fact that some children
might present in “burnt out” phase of TA, making it more
similar to FMD.16

FMD can affect children of all ages. A large, multicenter,
descriptive study of FMD included 1023 patients with 33
pediatric patients who were diagnosed at a mean age of 8.4 §
4.8 years (range from 16 days to 17 years).17 The same study
reported that 93.9% of the children studied initially presented
with the complaints of headaches and/or abdominal pains and
were also found to have hypertension. The finding of hyper-
tension prompted further investigation of the renovascular
system.
Achieving an accurate diagnosis is important, as FMD may

be amenable to endovascular treatment using angioplasty
and/or stenting or by more traditional surgical techniques.15

An analysis of 20 years of local experience of angiography in
renovascular disease suggests the pattern of FMD in children
is also different to that in adults. FMD in children typically
has severe focal narrowing with mild beading and postste-
notic aneurysmal dilation. Pediatric FMD more often
involves the main renal artery with less involvement of the
intrarenal arteries. In adult FMD, the lesions are more com-
monly bilateral with the diagnostic “beads on a string”
appearance.
If untreated, RVH in children can lead to sequelae includ-

ing retinopathy, chronic renal failure (in up to10%), stroke,
encephalopathy, left ventricular hypertrophy, and myocar-
dial infarction.1,18

NF1
Besides FMD, neurofibromatosis is the most common cause
for RAS in children in western countries.19 NF1 is an autoso-
mal dominant condition associated with various manifesta-
tions including vascular lesions such as RAS, aneurysm
formation, and aortic coarctation.20 The phenotype associ-
ated with cafe au lait, neurofibromas, and iris hamartomas is
most commonly associated with vascular lesions in children.
Apart from RAS, RVH can be due to extrinsic compression of
renal arteries by retroperitoneal hamartomas. The preferred
treatment option is maximizing antihypertensive medication.
However, not uncommonly surgical interventions are needed
including ex vivo reconstruction.21
Mid-Aortic Syndrome
Mid-aortic syndrome is localized narrowing of the distal tho-
racic/abdominal aorta which usually involves the renal and
visceral arteries.1 It is estimated at 0.5%-2% of all aortic ste-
nosis are due to MAS. Most MAS are idiopathic (64%) with
pathogenesis remaining largely speculative.22 Ninety one
percent of children with mid-aortic syndrome have concomi-
tant RAS.23 MAS may also lead to severe narrowing of intesti-
nal, iliac, carotid, cerebral, and brachial arteries.8,9,22-29 A
study of 68 angiograms in children with RVH showed that
16% of all had MAS, and this was most commonly associated
with NF1.19 Some MAS patients are likely to need renal
transplantation and a recent study on clinical use of 3D print-
ing in children has shown how this new technique can help
surgeons when transplanting patients with complex vascula-
ture whilst enhancing surgical planning and operative feasi-
bility in cases which would otherwise be uncertain.30
Noninvasive Diagnostic Imaging
Ultrasound
There is significant variability in the way children with
hypertension are evaluated and managed.31 Ultrasound (US)
is the most available and widely performed screening investi-
gation; renal US is relatively easy to perform, can be repeated,
and cause no deleterious effect to a child. It can detect
tumors which can cause hypertension (such as neuroblas-
toma or pheochromocytoma) and show discrepant renal
lengths or other renal pathologies.

US is considered suggestive of renovascular disease when a
stenosis can be directly visualized, a parvus et tardus wave-
form pattern is present, or pathologic age-dependent flow
parameters (peak systolic flow greater than 180 or 200 cm/s,
acceleration time >80 ms, renal artery to aortic flow velocity
ratio >3, and difference in resistive index more than 0.05)
are seen.29,32-34 A significant difference in kidney length (�1
cm) is regarded as a possible indirect sign of RAS.29

Doppler US may be most helpful in older children or chil-
dren with aortic stenosis.11,14 Segmental and subsegmental
stenoses, involvement of multiple renal arteries, and early
branching of the main renal artery are challenges to accu-
rately diagnose by US images alone in small patients.11 Adult
series have reported Doppler US to have a sensitivity of 60%-
100 % and specify of 70%-100 % in the detection of RAS.29

In the authors’ experience, this is lower in children. Traut-
man et al evaluated the accuracy of Doppler US, magnetic
resonance angiography (MRA), and computed tomography
angiography (CTA) compared to angiography in 127
patients. US, performed in all patients, had a sensitivity of
63% and specificity of 95%.29 The sensitivity increased to
73% when the diagnostic criteria included �1 cm total kid-
ney size discrepancy. While US is reported to be both sensi-
tive and specific, it can miss main renal artery distal and
branch vessel stenosis.33 Trautman et al reported that 65% of
71 missed RAS were located in the main renal artery.29 Other
studies have reported a sensitivity for Doppler US of 65%-
88% and specificity of 83%-99%.11,29,33,35-37 Therefore, the
conclusion remains the most common location for missed
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stenoses on US exams most often involves a segmental renal
artery branch.11

MR and CT
CTA and MRA can provide detailed anatomic evaluation of
the abdominal vascular structures. They are suggestive of
renovascular disease when one or more stenosis are directly
visualized as a narrowing of the intraluminal diameter or if
there is the presence of collateral vessels.29 They are adequate
for diseases of the aorta but for small vessels and in smaller in
smaller children they can have limited success.9,31,38 CTA is
usually preferred over MRA due to better resolution of fine
vascular anatomy. Another advantage of CTA is that, unlike
MRA, it can be performed without sedation or anesthesia.
However, pediatric scanning protocols for CT should be
carefully optimized to limit radiation dose. Trautman et al
demonstrated that CTA performed slightly better than MRA
with sensitivities of 88 vs 80% and specificity 81 vs 63%.29

Five incidences of renovascular disease were missed by CTA
in this study. All missed stenoses were in the main renal
artery, with an additional stenosis in a branch renal artery in
one case. MRA missed the diagnosis of RAS in 10 kidneys,
which included lesions in the main renal artery in 6 cases, a
main branch artery in 2 cases and a segmental artery in 2
cases.29 One of the drawbacks of this study was that MRA
and CTA studies included in the analysis had been per-
formed prior to referral to the treating pediatric nephrology
and interventional radiology service with subsequent hetero-
geneity in imaging protocols and image quality.

Scintigraphy
Renal scintigraphy with 99m-technetium-dimercapto-succinic
acid (DMSA) or 99m-Tc-mercaptoacetyltriglycine pre- and
postangiotensin-converting-enzyme inhibitor administration
has been considered as a potential method of localizing RAS
in children.9 However, results are inconsistent in children
with reported sensitivities of 59%-73% and specificities of
68%-88%.9,39
Invasive Diagnostic Imaging
Angiography
Angiography is the gold standard for diagnosis of renovascu-
lar disease in children.9,15,38,40,41 Digital subtraction angiog-
raphy provides the best spatial and temporal resolution.29,42

No noninvasive technique is capable of excluding renovascu-
lar disease in children.9,14 In one study 28% of vascular
lesions in children with hypertension were only detected by
angiography.38 Children who are thought to have a high
probability of renovascular disease should undergo angiogra-
phy which allows possible endovascular treatment regardless
of findings of noninvasive imaging.9,29,38

In the authors’ institution, the criterion for angiography
are poor BP control on 2 or more medications.9 MRA and
CTA are rarely performed in the authors’ institution although
many children have had this imaging at an outside facility at
time of referral. In this carefully selected group, an abnormal-
ity will be seen approximately 40% of the time.9,41,43
Angiography is repeated if there is an increase in BP sugges-
tive of restenosis. Some institutions prefer a less invasive fol-
low-up approach, favoring imaging with grayscale and
Doppler US until worsening of symptoms or evidence of
end-organ disease merit further cross-sectional imaging or a
secondary intervention.44

Renal artery lesions may be uni- or bilateral; studies report
the incidence of bilateral disease to be 24%-78% of cases.1,9

When there are bilateral lesions, there are often abnormalities
of the aorta and other medium arterial vessels (Fig. 1).1 Focal
arterial stenoses are most common in children.41 Diffuse nar-
rowings are more likely when there is extrarenal disease, syn-
dromes, or vasculitidies.1,41 The distribution of lesions in
pediatric patients are typically 25% in the main renal arteries,
50% in a second order branches, 12.5% in a third order
branches, and 12.5% in accessory renal arteries.41

Antihypertensive medications are maintained up to the
day of the procedure. BP is managed intraprocedure by anes-
thesiologist and may require an arterial line to manage and
accurately monitor the BP. Diagnostic angiography is usually
performed from a femoral approach. A cone beam CT is per-
formed initially with up to 2 mL/kg injected into the aorta
over 7 seconds with a 2 second X-ray delay. It is imperative
this is done first to limit the amount of contrast within the
intravascular system because excretion of contrast into the
urinary collecting system will obscure detail of the intra-renal
arteries (Figs. 1 and 2). This initial CT provides an assess-
ment of the aorta, evaluates anatomy of the adjacent visceral
vessels and any small accessory renal arteries, and is useful in
planning catheter selection and vessel measurements for
potential balloon angioplasty.

Following the cone beam CT, selective angiography of all
renal arteries in frontal and collimated oblique views is per-
formed. In selected cases, the thoracic aorta, cerebral, and
abdominal visceral vessels may require imaging. The consid-
erations for imaging these vessels are given in Table 1. Angi-
ography and intervention can usually be performed within
the less than 3 mL/kg contrast.40 However, contrast doses
above the suggested maximum 6-8 mL/kg may be necessary
when complex anatomy, difficult access, and multiple dila-
tions are necessary. In the authors’ experience, there have
been no increased rates of contrast induced nephropathy in
cases requiring larger contrast doses.45

Intravascular Imaging: Optical Coherence Tomography
and Intravascular US
Angiography allows only 2-dimensional visualization of the
vessel lumen. If abnormal arterial segments are identified on
angiography, intravascular pressure measurements may be
useful to assess if they are significant. In selected cases, intra-
vascular imaging by intravascular US (IVUS) or optical coher-
ence tomography (OCT) can also be used to assess vessel
wall thickness and evaluate aneurysms and the results of
angioplasty and/or stenting. The role of IVUS and OCT has
not been validated in renovascular intervention in children.
However, these high-resolution imaging techniques have
been shown, to improve the clinical outcomes of patients
undergoing percutaneous coronary intervention where they
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Figure 2 Examples of cone beam CTs performed at the start of a renal angiography procedure. (a) 17-year-old with
Takayasu's arteritis showing irregular caliber of the aorta and focal stenosis of the bilateral renal arteries. (b) Eleven
years old with stenosis of the right renal artery at a trifurcation at the hilum with poststenotic dilation. There was con-
trast in the collecting system at the time of the CB-CT therefore vessel details are obscured. The lesion is better seen on
the selective angiogram in this case (c).

Table 1 Vessel(s) to consider for assessment by noninvasive and invasive imaging

Considerations

Renal arteries main Is/are there lesions (stenoses/webs/aneurysms) which could be
contributing to hypertension?

Is/are lesion(s) amenable to endovascular treatment
branch and intra-renal
arteries

Is/are the lesion(s) amenable to angioplasty or ethanol ablation?
Imaging evidence of hypertension sequela?

Aorta abdominal Uniform caliber, smooth tapering of the infrarenal aorta?
Is there stenosis above the renal artery origins?
If there is occlusion, what vessels are supplying the collateral
route?

thoracic Is there undiagnosed/untreated coarctation possibly causing
hypertension?

Iliac arteries Is the caliber suitable for auto-transplantation?
Coeliac axis and branches
and superior mesenteric artery

Are they involved in the underlying disease process?
Could they be used for auto-transplantation/other surgery?
Do they provide collateral supply?

Subclavian and axillary arteries Are they involved in the underlying disease process?
Can the left axillary artery be used for access for future
interventions?

Carotid and cerebral vessels Are they involved in the underlying disease process?
Is there vascular disease which must be treated prior to
intervention to drop the blood pressure to reduce the risk of
stroke secondary to cerebral hypoperfusion?
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have been used to direct appropriate stent sizing, miss; iden-
tify acute complications such as dissection and stent
malapposition.46

Renal Vein Renin Sampling
Renal artery abnormalities detected angiographically are
often bilateral or involve small intrarenal branches. In such
cases, renal vein renin sampling can help to lateralize or even
localize to one part of a kidney, an ischemic focus driving
hypertension and help direct selective angiography when
lesions are not diagnosed at initial angiography.47 Renal vein
renin sampling is thought to be more useful in children than
in adults.48,49 At the authors’ institution, renal vein sampling
is performed following angiography under the same general
anesthesia if there is not a clear arterial lesion detected.14,49

Two samples are taken from the infrarenal inferior vena cava
and each renal vein with a single sample obtained from the
upper, interpole, and lower pole intrarenal tributaries on
each side. Renin ratio of greater than 1.5 between the main
renal veins is considered significant. A ratio of less than 1.3
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between the contralateral renal vein and the infrarenal infe-
rior vena cava supports this.48,49 There is some evidence that
a positive result is predictive of favorable outcome following
angioplasty or surgery.49
Management
Medical Management
Hypertension in children is initially medically managed.
However, despite treatment with multiple antihypertensive
drugs, the vast majority will not achieve normalization of
their BP.1,9,24

Angioplasty
The indication for endovascular treatment is inadequate con-
trol of BP or significant adverse effects of the anti-hyperten-
sive regimen.9 The goal of all treatment in children is
restoration of renal perfusion and lifelong preservation of
renal function.1 Endovascular treatment also reduces the
need for polypharmacy. It may also have a role in temporiz-
ing hypertension in younger patients before surgical repair
during puberty.24 Angioplasty is the most common interven-
tion and can be performed in arteries with mild to severe ste-
noses. If vessels are completely occluded, they can be
recanalized (Fig. 3); endovascular recanalization has been
reported be successful in children as small as 3.4 kg.31

Angioplasty is usually undertaken from a femoral
approach. However, renal arteries sometimes arise at an acute
angle from the aorta making an antegrade approach from
superior access necessary for intervention. In such cases, the
authors use US-guided access into the axillary artery (Fig. 3).
This has been demonstrated to be feasible and safe, in chil-
dren as small as 2.6 kg.50 However, others have reported suc-
cessful and safe use of a percutaneous carotid approach.31

Prior to angioplasty 75-100 IU/kg intravenous heparin is
administered to reduce thrombotic complications.9,51

Angioplasty equipment designed for use in adult coronary
arteries (such as 0.014-inch monorail, low-profile balloons)
is ideal for renal arteries in children. The wires are usually
J’ed in the kidney to reduce the risk of perforation of small
intrarenal vessels. For larger children (>25 kg), as long as
the aorta is not so narrow as to prevent the shape from being
a b c

Figure 3 3.4 kg, 5-week-old infant with severe hypertension ca
angiography showing occlusion of right renal artery. (c) Right
high pressure balloon via an axillary approach. (d) Final ang
renal artery angioplasty.
useful, shaped guiding catheters or sheaths are used.25

Angioplasty balloon diameter is chosen to be similar to the
renal artery proximal to the stenosis because there is often
poststenotic dilation (aneurysm) distally. Some centers base
the angioplasty balloon size on the minimal arterial lumen
diameter.52 Average balloon to minimum lumen diameter
ratio has been reported as 2.4:1 in one study.52 If the waist is
not completely abolished during balloon inflation, a high-
pressure balloon may be considered. High pressure balloons
are not the first choice as they are stiffer, may cause arterial
damage, and can be difficult to track over the wire. The use
of drug coated balloons in renal artery angioplasty has been
reported; however, there is little evidence to support their
use at present.31

Following endovascular treatment, the BP can be labile.
For this reason, close postoperative monitoring for at least
12 hours is needed after endovascular treatment. At the
authors’ institution, a day after the surgery all antihyperten-
sive medications the patient was taking before the procedure
are usually resumed. Weaning of medication is dependent
on the response to endovascular treatment but it is not
uncommon that children need continue antihypertensive
medication for a monitored time (particularly those with
severe findings including multiple stenosed vessels or those
with MAS). Twenty four hours BP monitoring 6-8 weeks
post-treatment is advised. At the authors’ institution, follow-
ing angioplasty Aspirin (1 mg/kg daily) for 3-6 months to
prevent thrombosis in the treated vessels is prescribed. There
is little evidence to support this practice; however, a similar
protocol has been reported in other series.8,40

Cutting Balloon. Cutting balloon angioplasty has a role in
lesions resistant to conventional and high-pressure balloon
angioplasty. Reports of cutting balloon use are limited,
although they have been used with mixed success in some
series.40,53,54 They have been used for high-grade, long ste-
notic segments and cases of restenosis.40,55,56 Complications
such as dissection and renal artery aneurysm requiring surgi-
cal intervention have been reported with cutting balloon
angioplasty.53,54 For this reason, it is recommended that cut-
ting balloon diameter be limited to no more than the normal
vessel diameter in the incisional phase. After this, if
d

using heart failure. (a) CB-CT and (b) digital subtraction
upper renal artery angioplasty performed with 2.25 mm
iographic appearance following aortic and right upper
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necessary, further dilation can be performed with a conven-
tional balloon.53 In one study, the cutting balloon to mini-
mum lumen diameter ratio was 1.7:1 compared to 2.4:1
noncutting balloon.52 Consideration should also be given to
performing imaging of the arterial wall (by IVUS or OCT) to
help place the cutting balloon in the safest position.53

Stenting
Stenting has been reported useful for vessels which show
elastic recoil or restenosis after conventional or cutting bal-
loon angioplasty40 and in some pediatric series has been
used as the primary intervention.52 Use of drug eluting stents
in renal arteries in children has also been reported as part of
a larger series.31 Stents are generally avoided in most pediat-
ric interventions because long-term outcomes are unknown.
Restenosis after stenting is significantly more common than
after angioplasty.24,25 One study reported restenosis 35.5%
of case following stent insertion compared to 17.4% follow-
ing angioplasty.25 Stents may also eventually become a fixed
stenosis as the child grows. Repeat angioplasty is considered
more appropriate than stenting.25 Stent placement has been
used in our institution for severe or recurrent lesions in chil-
dren and to manage iatrogenic dissection.24,48 The current
data are insufficient to compare outcomes between drug elut-
ing stents, bioabsorbable, and conventional stents; however,
it is important to be aware these stents have been used with
success at various institutions.57

Outcomes Related to Angioplasty and Stenting
A number of retrospective studies reporting outcomes of endo-
vascular intervention for RVH have been published, particu-
larly in the last 10 years (Table 2).1,8,24,25,31,40,44,52,54,58-61

Overall endovascular treatment is reported to be beneficial in
between 48.5% and 100% of patients.8,24,27,59 Cure, usually
defined as normal BP (<95th centile for age, gender, and
height) with no antihypertensive medication has been reported
in between 18% and 60%.1,8,24,25,27,29,31,40,44,52,54,59 Improve-
ment, usually defined as BP reduced below 95th percentile
while still requiring antihypertensive medications or diastolic
BP reduced by more than 15% of preintervention level has
been reported in 17%-65%.1,8,24,25,27,29,31,40,44,52,54,59

In addition to improvements in BP, endovascular revascu-
larization has been demonstrated to improve renal function.
In a study of 30 children with abnormal DMSA scans with
reduced uptake or focal lesions with available follow-up, 13
showed improvement, 6 developed a normal DMSA with
equal uptake, and 11 had static appearances and 3 had wors-
ening of their scans.25

Factors reported to be associated with a hypertension cure
or clinical improvement are a single, short-segment stenosis
(<10 mm) with residual stenosis <10%-20% after angio-
plasty.8,27,40,61 However, these findings are not consistently
reported.54 Severity of stenosis has not been found to predict
the clinical result of angioplasty.40 One study suggests that
children below the age of 5 years more often improved or
cured compared to children >5 years; however, the differ-
ence was not statistically significant.25 Other studies have
found no association with age.40,54
Some reports suggest differential efficacy dependent on
underlying etiology of RAS, but this is also inconsistent.
Improvement in BP was higher in children with mid-aortic
syndrome and RAS compared to those with isolated RAS
after intervention.44 Favorable results have also been
reported in patients with NF1, likely due to single, short-seg-
ment stenosis.40 Unfortunately, these outcomes are also
inconsistent as other reports found decreased effectiveness
for NF1 vs FMD and TA.59,60,62

A delayed response may be seen after angioplasty.59,63

This may be related to smooth muscle spasm giving a false
impression of residual narrowing on immediate postangio-
plasty angiogram or retraction of fibrous bands during arte-
rial healing increasing the lumen.59,63

It is quite common that the angioplasty needs to be
repeated to achieve a full response and sometimes to treat
restenosis after an initial good response.25 In children, dila-
tion causes not just simple stretching of the vessel wall but
commonly tearing, flap formation, or dissection.64 Repeated
angioplasty may result in eventual remodeling of the vessel
to a larger size.

Reported restenosis rates for balloon angioplasty range
from 17% to 41%,1,8,25,27,52,59,65,66 and repeated angioplasty
may be required.24,25 Time interval between first and second
angioplasty procedures varies from 0.4 to 60 months25; no
significant increase in risk with repeated angioplasty proce-
dures.54 Restenosis after stenting is significantly more com-
mon than after angioplasty occurring in 36%-37%.24,25

Hypertension, secondary to transplant RAS occurs in
around 5%-20% of children with renal transplants.67,68 In
such patients, angioplasty has been shown to significantly
improve BP and graft function67; however, there have been
reports that this is less successful in strictures distal to the
anastomosis.68

The wide ranges and disparity of outcomes as well as the
paucity of information regarding predictive factors relates to
the nature of published studies. Clear guidelines for the diag-
nosis and management of RVH in children are not defined.
The population treated is heterogenous with regards of etiol-
ogy, response to medications, and vascular involvement.
This is reflected in the published studies. Additionally, many
of the studies reporting outcomes of endovascular interven-
tion for RVH in children are retrospective, include multimo-
dality treatment including conventional angioplasty, cutting
balloon angioplasty, stent placement and surgery and have
small patient numbers or covering a long time period (>20
years; Table 1).1,8,24,31,40,44,52,54,58-61,69 During this time
period, standards of care and the tools available to perform
endovascular treatment has changed.

Complications. Complications of renal angioplasty include
contrast-induced nephropathy, arterial spasm, dissection,
and perforation. Complication rates reported in the literature
vary from 0% to 43%.1,54 Arterial spasm is usually self-limit-
ing. Dissection happens often but is not usually hemodynam-
ically significant.9 When dissections do impede flow, they
can be treated by reinflation of the angioplasty balloon to pin
back the intimal flap. Therefore, guide wire access should be



Table 2 Summary of studies reporting outcomes of endovascular intervention for renovascular hypertension in the last ten years

Reference
and Year
Published

Time
period

No.
pts
Included Age Intervention

Technical
success Complications Outcome

Length of
Follow Up

Lobek et al,
2018

21 y 39 mean 6.93
(§5.27) y

Angioplasty (17 patients)
Primary surgery (10
patients)
Medication only (12
patients)

Not reported None Angioplasty: 3/17 (18%)
cured, 11/17 (65%)
improved
Surgery: 3/10 (30%)
cured, 5/10 (50%)
improved
Medication alone: 0/12
(0%) cured, 3/12 (75%)
improved

mean 52.2 §
58.4 m

Agrawal et al,
2018

27 y 53 median 4.5
(0–18) y

Endovascular intervention
(136) (included angio-
plasty (aorta/renal arter-
ies, stenting (aorta/renal
arteries) thrombectomy
(aorta))
Surgery (27)

Not reported 10/136 (7.4%)
following
endovascular
procedures
11/27 (41%)
following
surgery

Endovascular intervention:
significant decline in
number of antihyperten-
sive medications & sys-
tolic and diastolic BP
Surgery: no significant
decline

median 3.6 (0.1 -
35.2) y

Rumman et
al, 2018

30 y 93 mean 7.0
(§5.4) y

Medication only (28
patients)
Invasive management
(65 patients):
Endovascular (53
patients),
Surgery (29 patients,
patch grafts, nephrec-
tomy, and aorto-aortic
bypass)

Not reported Endovascular:
13%.
Surgery: 31%

Endovascular: Mean BP z-
score 1.7 § 1.6 (com-
pared to 2.4 § 2.0 prein-
tervention, P = 0.7),
Mean number of antihy-
pertensive medications
1.9 § 1.1 (compared to
1.3 § 1.0 preinterven-
tion, P = 0.06)
Surgery: Mean BP z-
score 1.9 § 1.5 (com-
pared to 2.8 § 2.0 before
surgery, P = 0.2), Mean
number of antihyperten-
sive medications 1.9 §
1.1 (compared to 1.2 §
1.0 pre- intervention,
P = 0.01)

median 1.9 (0.4–
4.7) y

Alexander et
al, 2017

17 y 28 median 8.25
(7 m- 17.3) y

Endovascular intervention
(angioplasty/cutting bal-
loon angioplasty), 42 pro-
cedures in 28 patients

24/42 (57%)
(residual
stenosis <30%)

7% major com-
plication
43% minor
complication

10/28 (36%) cured
9/28 (32%) improved
9/28 (32%) failed

median 3.8
(1.0 - 9.9) y
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Table 2 (Continued )

Reference
and Year
Published

Time
period

No.
pts
Included Age Intervention

Technical
success Complications Outcome

Length of
Follow Up

Peco-Antić et
al, 2016

13 y 25 mean 10.4
(§ 5.2) y

Medication (100%)
Angioplasty (23 patients
(92%))
Surgery: Renal auto-
transplantation (4
patients (16%)), surgical
revascularization (3
patients (12%)) and
nephrectomy (3 patients
(12%)

Not reported Not reported 10/25 (40%) cured
12/25 (48%) improved
2/25 (8%) remained
severely hypertensive

median
3 (0.5 - 13) y

Kari et al,
2015

29 y 78 median 6.5
(0.5 – 17) y

Angioplasty (incl. cutting
balloon) (83)
Angioplasty and stent
(31)

84% success
(technical failure
defined as unable
to pass balloon
catheter or unable
to dilate vessel
with balloon)

13/114 (11.4%)
procedures
One procedure
related death

18/78 (23.1%) cured
31/78 (39.7%) improved

median
3 (0.1–14) y

Zhu et al,
2014

13 y 22 median 9
(3 - 17) y

Angioplasty (34 proce-
dures in 22 patients)

32/34 (94%)
(residual
stenosis <30%)

2/22 (9%)
patients
Groin haema-
toma (1),
Temporary ele-
vation in serum
creatinine (2)

6/22 (27.3%) cured
10/22 (45.5%) improved

mean 7y 2m
(range: 6 m to
13 y 10 m)

Colyer et al,
2014

8 y 12 median 8.2
(1.3 - 19.1) y

Angioplasty (5)
Stent (7)

100.00% (angio-
graphic
improvement in
the minimum
luminal diameter)

2/12 (16.7%)
patients
Stent slippage
(1)
Stent thrombo-
sis (1)

Minimal luminal diameter
increased by 1.2§0.9
mm for all patients.
Significant improved
blood pressure only in
stent group.
Restenosis: 40% after
angioplasty, 0% after
stent.

median 165
(interquartile
range:
9.5 - 38.4) m

Srinivasan et
al, 2010

11 y 19 median
(range) 9.6
(2 - 18)

Angioplasty (incl. cutting
balloon)

16 / 19 (84%)
patients
29 of 32 (91%)
lesions
(residual stenosis
<30%)

3/19 (15.7%)
Renal artery
perforation (1)
Accelerated
hypertension
(1)
Puncture site
haematoma (1)

7/18 (39%) cured
3/18 (17%) improved
8/18 (44%) failure

median
10 (1 – 83) m

Bayrak et al,
2008

15 y 20 mean 12.5
(range: 3 -18) y

Angioplasty (46 proce-
dures on 35 stenotic
segments)

29/34 (85%) initially
technical success
(residual stenosis
<50%)

None 12 /20 (60%) Cured
8/20 (40%) Improved

mean 55.7
(range:
4 – 168) m
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maintained across the lesion before, during and following
angioplasty and the subsequent angiogram; wire access
across the lesion allows for balloon reinflation or as a last
resort stent placement. Procedure-related deaths are uncom-
mon but have been reported. In the Kari et al series of 114
procedures, there was a procedure-related death secondary
to hemorrhage from a graft tear after repeat angioplasty of a
synthetic graft.25 In the setting of arterial rupture and active
extravasation, if balloon reinflation or covered stent place-
ment is not possible vascular surgery consultation should be
readily available.40,48 Another rare complication is acceler-
ated or worsening of hypertension following angioplasty.40,70

Children with underlying cerebrovascular disease are at par-
ticular risk of stroke secondary to labile BP which can occur
postangioplasty9 and should be carefully monitored in the
immediate postprocedure setting.

Embolization
Embolization was first reported in the 1970s as a method for
managing hypertension.71 Embolization can be considered
when diseased subsegmental arteries cannot be treated by
angioplasty and open reconstructive surgery is not favor-
able.47,72 Embolization is less invasive and results in less tis-
sue loss than nephrectomy or partial nephrectomy. Ethanol
is used because it causes severe, irreversible, endothelial
injury, which effectively results in infarction of the renin-pro-
ducing ischemic parenchyma (Fig. 4). Embolization coils are
avoided because occlusion of medium-sized arteries will
result in recruitment of collateral supply by the ischemic
focus with persistent hypertension.9

Sympathetic Denervation
Chronic activation of the sympathetic nervous system has an
important role in sustained hypertension.73 Surgical sympa-
thectomy was developed in the 1930s, patients showed a
favorable BP response following treatment but it was associ-
ated with high surgical morbidity and mortality.74 Endovas-
cular renal sympathetic denervation (RSDN) was recently
developed and early trials (SYMPLICITY HTN-1 and SYM-
PLICITY HTN-2) suggested it have the potential to offer a
a b

Figure 4 Patient with mid-aortic syndrome who had previously
renin was high in the veins draining the right interpolar region
ethanol embolization was performed in these vessels. (c) Pos
the kidney.
nonpharmacologic treatment for resistant hypertension.74-76

However subsequent trials failed to show a consistent benefit
on BP.77 More recently, 3 new trials (SPYRAL HTN-OFF
MED, SPYRAL HTN-ON MED, and RADIANCE-HTN
SOLO) have suggested RSDN has a modest benefit on hyper-
tension compared with sham controls.77-80 In a pediatric set-
ting, RSDN has been reported to have been used in a
successfully in a 16-year-old boy for drug resistant postcoarc-
tation repair hypertension,81 a 6-year-old girl with Turner
syndrome, and in drug resistant hypertension.82 In the latter
case, energy delivery was modulated to account for patient
size.82 As evidence grows, RSDN may have a role in pediatric
drug-resistant hypertension.
Surgery
In adults, surgery for RAS has been shown to have a higher
complication rate and higher early and long term mortality
than angioplasty.83 A meta-analysis including 47 angioplasty
studies (1616 patients) and 23 surgery studies (1014
patients) showed that the major complications of surgery
were two and a half times higher angioplasty (6% vs 15%).84

However, in this study, the cure rate of surgery was slightly
higher (54%) than that of angioplasty (36%).84 It is unknown
whether these rates remain true in a pediatric population.

Some centers favor surgery as the treatment of choice in
children. Open surgical interventions have been reported to
have high rates of cure of 70%26 and 82%85 and require less
re-intervention than endovascular interventions.86 Some cen-
ters argue that surgery is harder after angioplasty due to
fibrotic changes affecting the renal artery and have reported
poorer surgical outcomes in such cases.72

Primary surgical intervention with a goal of managing
renovascular disease in a single operation is not typically per-
formed in most centers, including the authors’. This is in
regards to the technical challenges in small children. If plan-
ning surgery, it may be preferable to wait until full adult
growth and adult vascular size is reached.23 Given the estab-
lished safety and success of endovascular intervention,
adopting a primary endovascular treatment strategy is the
c

undergone bilateral renal artery angioplasty. Renal vein
. (a) DSA shows intrarenal branch stenoses. (b) Selective
tembolization DSA shows persevered flow elsewhere in
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preferred treatment option, even if repeat interventions will
be required.
Angiomyolipoma

Angiomyolipoma (AML) is the most common benign renal
neoplasm occurring in 0.1% of males and 0.2% of females
without tuberous sclerosis (TS)87 and in approximately 80%
of patients with TS. In patients with TS, the blood vessels
supplying AMLs are often dysplastic and this predisposes to
formation of intratumor aneurysms.88 AMLs can be found
incidentally or may present with flank pain, hydronephrosis,
hematuria, impaired renal function or acute hemorrhage.88

Growth of AMLs in children can be rapid and unpredictable.
Annual radiological imaging is recommended for children
>11 years or those with AMLs larger than 2 cm.89

Cumulative risk for hemorrhage is approximately 20% for
females and 10% for males.88 This risk of hemorrhage is
a

d

g h

e

b

Figure 5 Fifteen years old with right kidney AML. (a, b) Ultraso
Axial T1 pre- and postcontrast and (e) coronal T2-weighted M
arterial phase DSA showing abnormal vasculature in the large
mixed with ethiodized oil. (i) Postembolization DSA shows A
the kidney.
higher for AMLs associated with TS than in sporadic AMLs.
Risk of hemorrhage is also increased for AMLs larger than
4 cm in diameter.90 Another factor that has been found to
correlate with increased rupture and hemorrhage risk is the
presence of intra-AML aneurysms >5 mm.90 The presence of
these can only be reliably detected by angiography, although
aneurysm formation is thought to be related to AML size.88

AMLs' should therefore be monitored by noninvasive imag-
ing follow-up if less than 4 cm. Other risks of large AML’s
include reduction in renal function secondary to infiltration
and destruction of normal renal tissue and renal vascular
compromise.88
Imaging
AMLs are classically hyperechoic with acoustic shadowing
due to a combination of fat and blood vessels within the
tumor (Fig. 5).87 Color flow Doppler can assist in detection
of aneurysms with the AML. On CT and MRI, AML classi-
cally demonstrate macroscopic fat within the tumor (Fig. 5).
i

f

c

und images showing right renal hyperechoic mass. (c, d)
RI showing the mass containing fat. (f) Early and (g) late
interpolar AML. (h) Embolization performed with glue
ML devascularization with preserved flow to the rest of
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However, approximately 5% of AMLs are atypical or fat poor
which can make the diagnosis challenging.91 Angiographic-
ally, AML vasculature has long and tortuous vessels with
aneurysmal dilations which are easily distinguished from the
normal renal vasculature.87
Treatment
Traditionally, indication for angiography and embolization of
AMLs are acute hemorrhage and AMLs greater than
4 cm.88,92 The aim of angiography and embolization is to
prevent hemorrhage, preserve viable renal tissue, and avoid
the reduction in renal function resulting from partial or total
nephrectomy.88 The indication for embolization of asymp-
tomatic AMLs greater than 4 cm in the context of TS is more
debatable. Factors to consider when determining necessity of
embolization include tumor growth rate, magnitude of the
vascular supply, severity of dysplastic vessels and the pres-
ence of microaneurysms and/or macroaneurysms.88,92 When
there is flank pain, retroperitoneal hemorrhage, or hematuria,
embolization should be performed, regardless of AML
size.93,94

Embolization has been reported to have been performed
successfully with combinations of PVA particles (200-1190
micrometers) and/or coils88,92 with the goal being cessation
of blood flow to the AML.88 At the authors’ institution glue
has also been used successfully (Fig. 5). Embolization of
renal AMLs is a relatively safe procedure. In addition to the
standard risks of any endovascular embolization procedure
(such as nontarget embolization), the risks specific to this
procedure include risk of damage to functional renal tissue,
hypertension (secondary to renal ischemia), formation of
renal abscess and postembolization syndrome.88,94 Postem-
bolization syndrome, manifesting as pain and fever is
caused by the inflammatory response to necrotic tissue after
embolization. It has been reported to occur in 85%-89% of
patients if steps are not taken to prevent/treat it.92,94 A pro-
tocol which has been reported to be successful in reducing
postembolization syndrome in 3 of 11 (27%) patients is
periprocedural antibiotics and a course of tapering ste-
roids.92 Four doses of a first-generation cephalosporin are
given, starting with the first dose prior to embolization and
subsequent oral dosing. Before embolization, 250 mg/m2 of
methylprednisolone (maximum dose 260 mg) is given
intravenously. Beginning on the first postoperative day,
2 mg/kg prednisone in 3 divided doses per day for 2 days
(maximum dose of 60 mg/d) is given, then every 2 days the
prednisone dose is tapered to finish approximately 14 days
after embolization. Additionally, acetaminophen may be
used every 6 hours if needed for pain.92

Following embolization, there is a relatively immediate
reduction of the vascular involvement on CT/MRI. In a series
of 20 AMLs in 16 patients with TS who were treated with
embolization, there was an average reduction in tumor vol-
ume by 56%, and the glomerular filtration rate was
unchanged.88 In the short term and intermediate term (23-
40 months), repeat hemorrhage events were reported in
various studies to occur in 0%-17% of patients.88,94 Unfortu-
nately, the long-term outcomes of these patients are poorly
reported.88

Following the results of EXIST 2 study, consensus guide-
lines now include mammalian target of rapamycin inhibitor
for treatment of asymptomatic and growing AMLs. Everoli-
mus has been confirmed to decrease or stabilize the size and
number of subependymal giant cell astrocytomas in patients
with TS complex.95 It has also demonstrated significant
reduction in renal AML volume compared with placebo in
the phase 3 EXIST-2 trial.96

A study on long-term use of everolimus clearly demon-
strated evidence of efficacy and safety in patents with TS.
Although not a primary focus of this study, everolimus
caused increasing and sustained reductions in renal AML
volume providing evidence for broad clinical impact of sys-
temic treatment with patients with TS. Nearly 95% of
patients experienced reduction in the AMLs with more than
80% showing >50% reduction in volume at week 24.
Median duration of renal AML response being 42.3 months
(95% confidence interval). AML volume continued to
decrease over the study period.97 Recommendations for ini-
tiation of treatment with everolimus are at least one, enlarg-
ing, asymptomatic AMLs >3 cm in diameter.91 Based on
the recent studies showing effective shrinkage of AMLs in
patients on low dose everolimus, it could be anticipated
that the need for embolization will be reserved to those
with acute bleeding.98
Nutcracker Syndrome
Nutcracker syndrome (NS) refers to the symptoms and signs
associated with nutcracker phenomenon. Nutcracker phe-
nomenon is the external compression of the left renal vein
between the superior mesenteric artery and the aorta (ante-
rior nutcracker). A less common variant is the compression
of a retro-aortic left renal vein between the aorta and verte-
bral body (posterior nutcracker).99-101 Compression typically
is most severe in an upright position.99 Hematuria is the
most common presenting sign. The proposed etiology of
hematuria in NS is secondary to venous hypertension and
congestion causing rupture of the thin-walled veins into the
collecting system.102 Orthostatic proteinuria, flank and pel-
vic pain, and gonadal varices can also be present at
presentation.102

NS is a diagnosis with some controversy. It is generally
regarded as a rare diagnosis which should be made after
other more common causes of similar symptoms have been
excluded.102 Some authors suggest that it underestimated
and under-recognized in children and is in fact the most
common cause of isolated hematuria in children without uri-
nary tract infection or proteinuria.103 Anatomic nutcracker
phenomenon is not always associated with clinical symptoms
and signs; therefore, it has been suggested as a normal ana-
tomic variant.102
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Imaging
US is the recommended first-line investigation.102,103 For
detection of left renal vein compression, Doppler US has
been reported to have a sensitivity and specificity of 69%-
90% and 89%-100%.104 Between the lateral portion of the
left renal vein near the hilum and where it courses between
the aorta and the superior mesenteric artery, an anteroposte-
rior diameter ratio >4.2 and peak systolic velocity ratio of
>4.2-5.0 is considered a diagnostic criteria.102,105 The
degree of compression on US has been correlated with sever-
ity of symptoms at presentation.106

The advantage of US is the ability to scan the child supine
and erect. Measurements taken with the child erect may cor-
relate better with symptoms than those taken supine.107 CT
and MRI can also be used to demonstrate left renal vein com-
pression. A superior mesenteric artery branching angle of
<35° has been proposed as required for the diagnosis of
NS.102 However, in one study the mean was 46° in 205 pedi-
atric abdominal CTs (range of 11°-113°). In that study, using
a threshold of 25° would have resulted in 9% of asymptom-
atic children being defined as abnormal.108

Nuclear medicine studies do not usually have a role in
diagnosis; however, accumulation 99mTc-Albumin-Conju-
gate accumulation in the renal pelvis on scintigraphy has
been shown to be useful as an adjunct to US for
diagnosis.109

Catheter venography and pressure measurements can also
be used to identify left renal vein compression. A pressure
gradient of �1mm Hg is considered normal and patients
with NS usually have a venous pressure gradient >1mm Hg
across the area of compression.102,104 Intravascular US is also
useful and can show the exact point where the over-riding
vessel causes maximal compression and may overcome some
of the difficulties in accurately assessing planar compression
of veins with 2-D imaging.110
Treatment
Initially a conservative approach to management should be
considered if symptoms are mild. In children this allows
further growth and increase in the retroperitoneal fat which
a b

Figure 6 Sixteen years old with left flank pain associated with
compression of the left renal vein (aorta solid arrow, superio
arrow). (b) Venography confirmed, partial obstruction by a ban
teric artery. (c) A 12-mm diameter (40 mm long) Wallstent wa
ment. (d) Poststenting venous drainage appeared improved. The
may improve the superior mesenteric artery branching
angle and relieve compression of the left renal
vein.102,104,111 If conservative management fails, endovas-
cular stenting (Fig. 6) and left renal vein transposition and
have been used.111 A systematic review on the management
of NS which reviewed 17 references suggest that, due to the
rare nature of the condition, paucity of evidence and limited
long-term follow up data, a definitive recommendation
regarding best management method cannot be made.102

Endovascular stenting has shown good results but there
are significant limitations such as stent migration (into the
right atrium or ventricle).112,113 A variety of stents have been
used throughout the literature since there is not 1 stent that
achieves both precise deployment with the strength needed
to completely relieve the external compression. In a large
series of 61 patients who all underwent endovascular stent-
ing, 97% had symptomatic improvement including resolu-
tion of flank pain and hematuria at 6-month follow-up; as
well as significantly decreased peak velocity in the aortome-
senteric portion, and less severe antero-posterior diameter
ratio of the renal hilum and the aortomesenteric portion of
the left renal vein compared to prestenting on follow-up US
evaluation.114 In a smaller study, 15 patients who underwent
stenting remained asymptomatic at 6 years.104,113 Following
stenting for NS, stent migration rate has been reported in an
adult series to be more than 6%.112 Other reported complica-
tions include intrastent stenosis, thrombosis, and fracture
with resultant vessel occlusion.104

Surgical approaches to management include left renal vein
transposition, renal auto transplantation, and laparoscopic
extravascular stent placement.102,104 In a small pediatric series
of 3 children, open surgical repair with left renal vein transpo-
sition has been reported to provide complete resolution of
symptoms and hematuria/proteinuria in all patients.115 Trans-
position of the left renal vein can be used for anterior and pos-
terior compression and has been reported successful for
posterior NS in children as small as 5 years old.99 However,
transposition of the left renal vein is carries with it the morbid-
ity of a long recovery period, potential for adhesion formation,
and other risks of major abdominal surgery.

It is well known that orthostatic proteinuria could be asso-
ciated with NS and could cause massive protein excretion.116
c d

macroscopic hematuria attacks. (a) Ultrasound suggested
r mesenteric artery dashed arrow, left renal vein dotted
d-like compression at the position of the superior mesen-
s deployed in the left renal vein across the narrowed seg-
patient became asymptomatic postprocedure.
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As long-term proteinuria has been accepted as an indepen-
dent prognostic factor for progression of renal disease,117,118

some might argue that use of angiotensin converting enzyme
inhibitors (ACEi) could reduce effects of proteinuria and
slow down progression to chronic kidney disease. Some evi-
dence exists that use of ACEi can improve proteinuria associ-
ated with NS.119 However, there is no consensus for the use
of ACEi in NS patients and its use is patient and center
dependent.
Conclusion
We have described renovascular interventions in children for
hypertension, AML and NS accompanied by the diagnostic
features of these conditions. Pediatric interventional radiol-
ogy has been used successfully to manage all these condi-
tions. Clear guidelines for the diagnosis and management of
RVH in children are not defined. This is partly due to hetero-
geneity of this population in terms of etiology, response to
medications, and vascular involvement. Current literature
only provides data on small patient cohorts over long time
periods. This problem impairs development of reliable evi-
dence for radiological intervention in children more widely
and will require novel research methodologies or significant
multi-institutional cooperation with standardization of
approaches to treatment and pooling of data. Data available
suggest that safe and effective interventional radiological
management of these conditions can be undertaken with
careful case selection, multidisciplinary discussions with
pediatric nephrologists and vascular surgeons, and a dedi-
cated pediatric IR team. Similarly based on the small pub-
lished data available, endovascular interventions for AML
and NS in children are safe and effective.
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