
Abstract Seventeen children with renovascular hyper-
tension were managed at the Royal Children's Hospital,
Melbourne, over the 20-year period from 1975 to 1996.
The age at presentation ranged from 10 days to 18 years.
All children presented with severe hypertension with
mean systolic blood pressure 7 standard deviations
above age-matched averages and mean diastolic blood
pressure 5.5 standard deviations above age-matched av-
erages. Neurofibromatosis was the most common etiolo-
gy (58% of patients) and there were no cases of Taka-
yasu's arteritis. Patients underwent a variety of biochem-
ical and imaging investigations but in all cases renal an-
giography was necessary for definitive diagnosis and for
planning therapy. Ten of the 17 patients had surgical pro-
cedures performed. Percutaneous transluminal angio-
plasty was performed in four patients but led to cure in
only one patient following thrombosis of the affected ar-
tery producing segmental renal infarction. Other vascular
reconstructive procedures, including the use of autolo-
gous or synthetic bypass grafts and autotransplantation,
produced cure of hypertension in 50% of children with
improvement in a further 30%. The long-term outlook
for children treated with surgical reconstructive proce-
dures was excellent. One patient underwent surgery for
avulsion of an arterial graft following a pubertal growth
spurt. No other patient originally cured by surgery has
required reoperation with no cases of restenosis at a
mean follow-up of 11 years 3 months.

Key words Renovascular hypertension · Renal artery
stenosis · Neurofibromatosis

Introduction

Three to 10% of all children and adolescents referred to
pediatric centers for evaluation of severe hypertension
are subsequently found to have clinically significant re-
novascular lesions [1, 2, 3]. Renal artery stenosis (RAS)
is a heterogeneous group comprising intrinsic lesions of
the renal arteries and, rarely, extrinsic compressive le-
sions. Renovascular stenotic lesions are also frequently
accompanied by involvement of the aorta and its visceral
branches. The most commonly reported cause of RAS is
fibromuscular dysplasia [1].

Seventeen children with a diagnosis of intrinsic RAS
have been treated at the Royal Children's Hospital, Mel-
bourne, over a 20-year period. We present here our expe-
rience in the investigation, management and long-term
follow-up of these children.

Materials and methods

The individual records of all children with angiographically prov-
en RAS evaluated at the Royal Children's Hospital, Melbourne,
between 1975 and 1996 were examined retrospectively. Children
with extrinsic compressive lesions or stenoses of transplanted re-
nal arteries were excluded. Patient case records were reviewed
noting clinical features, investigations, treatment and status at last
follow-up. Follow-up of those children no longer being treated at
the Royal Children's Hospital was obtained by questionnaire sent
to their current physician.

The etiology of the RAS was established by clinical and radio-
graphic examination. A clinical diagnosis of neurofibromatosis
was made according to standard criteria [4]. Mid-aortic syndrome
was diagnosed when the criteria for neurofibromatosis were absent
and the arteriogram showed stenosis of the abdominal aorta with
narrowing of the renal and visceral arteries [5, 6].

The outcome of surgical treatment was evaluated in terms of:
(a) cure – normalization of blood pressure to below the 95th per-
centile for age without requirement for antihypertensive medica-
tion; (b) improvement – normalization of blood pressure while on
drug therapy, or decrease in diastolic pressure by more than 15%
compared with preoperative levels; and (c) failure – persistent hy-
pertension on antihypertensive therapy [7]. The outcome of medi-
cal management was assessed as: (a) improvement – normaliza-
tion of blood pressure on drug therapy or a decrease in antihyper-
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tensive medication over time and (b) failure – persistent hyperten-
sion on antihypertensive therapy.

Results

Patients

During the 20-year period from 1975 to 1996 there were
17 children with angiographically proven renal artery
stenosis. Patient characteristics at the time of presenta-
tion are shown in Table 1. There were ten male and sev-
en females with a median age at presentation of 6.2 years
(range 10 days to 18 years). Follow-up ranged from 5
days to 20 years (mean 8.5 years) with long-term follow-
up data available on 15 patients. All patients except for
one child with neurofibromatosis presented with a sys-
tolic blood pressure greater than the 99th percentile for
patient age and gender (Z-score >3.0) according to the
Report of the Second Task Force on Hypertension [8].

Neurofibromatosis was the most commonly diagnosed
cause (58% of patients) followed by mid-aortic syndrome.
There were no cases of arteritis and, specifically, no pa-
tient diagnosed with Takayasu's arteritis. The child who
could not be classified presented at 10 days of age with
cardiac failure, severe hypertension, and microangiopathic
hemolytic anemia and died at 21 days of age. She was
found to have bilateral RAS at the origins of the renal ves-
sels and stenotic superior and inferior mesenteric arteries.

The manifestations of hypertension at presentation are
shown in Table 2. Patients whose hypertension was dis-
covered incidentally were spread throughout the 20-year

period of this study, indicating that the current recom-
mendation [8] for regular checking of blood pressure in
children has not led to an increase in diagnosis of RAS.

Investigations

All patients had normal serum urea, creatinine and elec-
trolyte levels. Ten of the patients had assessment of pe-
ripheral plasma renin activity (PRA). The PRA was nor-
mal in seven patients and elevated in three patients (Ta-
ble 3). In five children, selective samplings from the re-
nal veins were performed, with two patients having a re-
nal vein renin ratio (RVRR = renal vein renin activity
from a kidney with a stenotic renal artery divided by the
renin activity from the other renal artery or, if bilateral
RAS, the aorta) greater than 1.5. In one patient this cor-
rectly localized the side of the stenosis; the other patient
had bilateral disease.

The results of radiological investigations are summa-
rized in Table 3. Renal ultrasound examinations were
performed in eight children. In five children the kidneys
were reported as normal; another two had unilateral
small kidneys, and one child had increased echogenicity
of both kidneys. Doppler flow studies were performed in
seven patients. In two patients the examination was re-
ported as normal and in another four patients the exam-
inations were reported as unsatisfactory, with inability to
visualize the renal arteries. One study accurately identi-
fied renal artery stenosis in a patient who was later
shown to have stenosis by angiography. Dia-
minotetrapentoic acid (DTPA) scans were performed in

Table 1 Patient characteristics at initial evaluation

Diagnosis Number Sex Age range BP BP
(M/F) (systolic/diastolic) (Z-score: systolic/diastolic)a

Mean Range Mean Range

Neurofibromatosis 10 5/5 4 months–18 years 178/116 130–250/70–210 6.6/5.1 2.3–13/0.5–15.1
Mid-aortic syndrome 3 3/0 7 months–8 years 173/100 140–240/80–130 7.6/5.8 4.2–9.8/3.4–7.7
Fibromuscular dysplasia 2 1/1 15 months–15 years 193/138 155–230/120–180 7.1/8.3 3.4–10.7/2.6–13.9
Williams syndrome 1 1/0 17 years – 165/97 3.9/2.6 –
Idiopathic 1 0/1 10 days – 210/120 10.7/11.5 –
Total 17 10/7 10 days–18 years 180/115 130–250/70–210 6.9/5.5 2.3–13/0.5–13.9

aZ-scores calculated from [8]

Table 2 End organ dysfunction at presentation

Cause Cardiac Left ventricular Congestive Encephal- Hematuria No end 
murmur hypertrophy cardiac failure opathy or proteinuria organ dysfunction

Neurofibromatosis 0 1 0 2 3 4
Mid-aortic syndrome 2a 1a 0 0 0 1
Fibromuscular dysplasia 0 1 0 0 0 1
Williams syndrome 0 0 0 0 0 1
Idiopathic 0 0 1 0 0 0
All causes 2 2a 1 2 3 7

aOne patient presented with cardiac murmur and left ventricular hypertrophy
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seven patients with six demonstrating abnormal differen-
tial function. However, only one of these studies correct-
ly localized the side with stenosis. The other five pa-
tients who had abnormal differential function suggesting
localization to one side were shown by angiography to
have bilateral disease. Captopril renography performed
in one patient revealed no evidence of a significant re-
sponse.

All patients had renal angiography (Table 3). Of the
ten patients with neurofibromatosis, six patients had bi-
lateral disease with a mixture of ostial, renal artery and
branch renal artery stenosis. A variety of additional vas-
cular lesions were found in the children with neurofibro-
matosis and are summarized in Table 3. In addition to
RAS all patients with mid-aortic syndrome showed nar-
rowing of the abdominal aorta. Two of these patients
also demonstrated narrowing of the origin of the superior
mesenteric artery, and a further two showed narrowing
of celiac axis, extending, in one case, to the splenic ar-
tery. The patient with Williams syndrome had arterio-
gram appearances resembling the mid-aortic syndrome
with narrowing of the aorta from the level of the celiac
axis and narrowing at the ostium and proximal third of
the renal arteries.

Treatment and outcome

Long-term follow-up data were available on 15 patients
(88%). Patient treatment and follow-up is summarized in
Table 4. Ten of the 17 patients underwent at least one
surgical procedure, with three of the ten patients requir-
ing further surgical intervention. The cure rate for those
children treated surgically was 50% with another 30%
improved. Except for one patient who died at 3 weeks of
age, all children treated medically were normotensive on
a single antihypertensive agent.

Histology was available for two patients with neurofi-
bromatosis who underwent surgery. In one patient the
tissue external to the internal elastic lamina was dysplas-
tic, consisting of mainly collagenous fibrous tissue. One
other patient had histology of the renal artery performed
at autopsy. The lesion in this section was described as
medial fibrous dysplasia with extensive secondary
changes including calcification.

At most recent follow-up (mean 9 years 10 months,
range 5 days–20 years), 12 of the 15 patients available
for follow-up were alive. Two patients died due to com-
plications of hypertension, one at 21 years of age follow-
ing a cerebrovascular accident and another at 3 weeks of
age due to congestive heart failure. The 21-year-old pa-
tient had severe ongoing hypertension despite previous
left nephrectomy. In addition to her left renal artery ste-
nosis, the angiogram had shown irregularity of the right
renal artery, but with no stenosis. It is possible that her
persistent hypertension was related either to asynchro-
nous development of a critical stenosis of the right renal
artery [37] (repeat angiography was not performed) or
secondary to intrarenal changes as a consequence of pre-
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vious and ongoing hypertension. One other patient died
following an unrelated illness. Only one patient has hy-
pertension requiring multiple antihypertensive therapy.

Discussion

Renovascular disease (RVD) is an important cause of hy-
pertension in children, with a reported incidence of
3–10% compared with a 1% incidence in adults. In con-
trast to adult patients, where RVD is most commonly due
to atherosclerosis, 75–95% of children with RAS have
some form of arterial dysplasia [1, 9, 10]. This is a het-
erogeneous group with varying histological characteris-
tics including medial hyperplasia (commonly referred to
as "fibromuscular dysplasia"), medial fibroplasia, intimal
fibroplasia, perimedial fibroplasia and periarterial fibro-
plasia [11, 12].

In contrast to most series that report fibromuscular
dysplasia (FMD) as the most common cause of RAS
(summarized in [1]), vascular lesions associated with
neurofibromatosis were the most common cause of RVD
in our population (58% of patients). This may reflect our
aggressive evaluation of children with neurofibromatosis
referred for hypertension. There may also be differences
in classification, with some studies previously classify-
ing RAS associated with neurofibromatosis as FMD [13,
20]. Published series that separate these two entities have

reported a 10–25% incidence of neurofibromatosis in
children with renovascular hypertension [2, 9, 14, 15].
The wide range of reported incidences might also reflect
the difficulty of classifying children who have RAS but
without other clinical stigmata of neurofibromatosis. Al-
though well-defined diagnostic criteria for neurofibro-
matosis are available, the diagnosis remains problemati-
cal in young children, who may not manifest clinical fea-
tures such as café-au-lait spots, Lisch nodules and cuta-
neous neurofibromas until late childhood [11, 16].
O'Regan et al. [14] reported that, of five children with
RAS secondary to neurofibromatosis, three children had
only one other clinical feature of neurofibromatosis at
presentation with hypertension. In addition, in this series
the radiological appearance of vascular neurofibromato-
sis was often identical to the appearance of either isolat-
ed FMD or mid-aortic syndrome and therefore was un-
helpful in classifying children without other features of
neurofibromatosis. In a review of pathological speci-
mens from children with RAS, Blackburn [17] found
that many of the lesions that had previously been labeled
as FMD were actually secondary to vascular neurofibro-
matosis. The histology of the renal artery lesions in two
of our patients with neurofibromatosis was non-specific.
Devaney et al [42] reported that the renal artery lesions
in patients with neurofibromatosis did not differ signifi-
cantly from those in patients who did not have neurofi-
bromatosis. Therefore neither radiological nor histologi-

Table 4 Patient treatment and follow-up (FMD fibromuscular dysplasia, PTA percutaneous transluminal angioplasty, R right, L left,
RA renal artery)

Sex/age Diagnosis Initial treatment Length of follow-up Outcome
(years.months)

Surgical treatment
F/2 years Neurofibromatosis L nephrectomy 18.0 Failure; died
F/18 years Neurofibromatosis PTA unsuccessful 2.9 Improveda

F/4 months Neurofibromatosis R and L autotransplants 20.4 Cure
M/7 years Neurofibromatosis Bilateral RA bypass grafts 15.10 Cure
F/5 years Neurofibromatosis Bilateral RA bypass grafts 9.8 Cure
M/7 years Neurofibromatosis Bilateral RA bypass grafts. 14.3 Failure; died

PTA for restenosis R RA.
Reanastomosis R graft

M/8 years Mid-aortic syndrome Thoracoabdominal reconstruction 18.3 Improveda

M/5 years Mid-aortic syndrome PTA unsuccessful. Aortic bypass graft. 10.3 Improveda

Bilateral RA bypass grafts
F/15 months FMD PTA unsuccessful 3.0 Cure
M/15 years FMD PTA unsuccessful. L RA bypass graft 0.1 Cure

Medical treatment
M/11 months Neurofibromatosis Multiple antihypertensives 12.8 Improved
F/11 years Neurofibromatosis No treatment 9.0 Unchanged
M/3 years Neurofibromatosis Single antihypertensive 1.1 Improved
M/3 years Neurofibromatosis Single antihypertensive 5.0 Improved
M/7 months Mid-aortic syndrome Single antihypertensive 3.1 Improved
M/17 years Williams Single antihypertensive 7.5 Improved
F/10 days Idiopathic Multiple antihypertensives 5 days Failure; died

aBlood pressure within normal limits on antihypertensive treatment



cal features can reliably differentiate children with neu-
rofibromatosis from children with fibromuscular dyspla-
sia or mid-aortic syndrome. Thus the true prevalence of
vascular neurofibromatosis may have been underestimat-
ed in previous studies.

Arteritis was reported as the second most common
cause of RAS in one series [15], and Takayasu's arteritis
in particular has been the subject of a number of case re-
ports [18, 19]. However, our series and a number of oth-
ers reported in the literature [2, 10, 20] would suggest
that arteritis is an uncommon cause of RAS in Caucasian
children.

The accurate diagnosis of RAS in hypertensive chil-
dren remains difficult and has been the subject of a num-
ber of recent reviews [21, 22, 23]. Although a wide vari-
ety of specific diagnostic procedures are available, vari-
able results have been reported on the ability of diagnos-
tic tests to predict the presence and location of RAS. In
contrast to previous reports in which the majority of chil-
dren with renovascular hypertension had elevated pe-
ripheral venous plasma renin activity (PRA) levels [24],
PRA levels were elevated in only 30% of the patients in
our series (Table 3). Interpretation of PRA in this popu-
lation is complicated by the high incidence of bilateral
disease, which may be associated with normal PRA ac-
tivity [1]. In our series, four of seven patients with bilat-
eral disease had a normal PRA. Measurement of the re-
nal vein renin ratio (RVRR) was also unhelpful, being
informative in only one patient out of the five who had
the test performed. Accurate determination of plasma re-
nin levels is dependent upon sampling conditions and a
number of other factors, including posture, sodium in-
take and concurrent antihypertensive therapy [1]. At the
time of sampling, three patients with normal RVRR were
taking β-adrenergic-blocking drugs, which are known to
decrease renin release [43]. While the low diagnostic
yield in our series may have been related to the lack of
standard conditions at the time of sampling, the strict
protocols advocated for adults [25] are unlikely to be
feasible for young children. Although the usefulness of
PRA in detecting significant RAS appears to be limited,
peripheral PRA should still be considered as part of the
initial evaluation of children with hypertension as it
identifies a small group of children with mineralocorti-
coid-induced refractory hypertension [26].

In agreement with other series, we found no reliable
non-invasive screening test for RAS. While Doppler ul-
trasound has been suggested as a useful technique in the
investigation of hypertensive children with neurofibro-
matosis [27], up to 20% of examinations may be techni-
cally unsatisfactory, even in experienced hands [22]. In
our series, differences in size, shape or echotexture were
noted in only two out of eight affected patients and
Doppler ultrasound was suggestive of RAS in only one
out of eight examinations (three technically unsatisfacto-
ry). These figures are similar to those reported by Ellis et
al. and may reflect the fact that Doppler ultrasound is
less effective in bilateral or branch disease [21]. In our
patient series, a number of the unsatisfactory examina-

tions were performed prior to the availability of high-
resolution scanners. More recently, the availability of
technically sophisticated equipment along with the use
of multiple views has been shown to lead to improved
sensitivity and specificity of this technique [28]. Echo-
enhanced duplex ultrasound using a galactose-based con-
trast agent is a new technique that has been shown in
adults to produce better images than conventional color
Doppler [29]. The fact that this technique significantly
reduced mean examination time makes it an attractive in-
vestigation for use in children, and further evaluation of
this technique is awaited.

Nuclear medicine has become more widely used in
the preliminary investigation of children with suspected
renovascular disease [30]. Mann et al. [31] reported that
captopril renography, using criteria of asymmetry of
DTPA uptake, time to peak uptake, or retention seen on a
single post-captopril renogram, was highly sensitive and
specific for detecting unilateral RAS in adults. However,
the same study found that a positive result could not reli-
ably differentiate renovascular disease from unilateral
parenchymal disease and that renography did not distin-
guish unilateral from bilateral disease. Gauthier et al.
[32] studied hypertensive children with non-diagnostic
ultrasound and concluded that the captopril challenge
test was inadequate for diagnosing RAS in this popula-
tion. The low sensitivity and specificity (59% and 68%,
respectively) of isotope scanning has also been con-
firmed by Ng and colleagues [33]. DTPA scanning pre-
and post-captopril was performed in only one patient in
our study and failed to detect a clinically significant uni-
lateral RAS. Non-captopril DTPA scans were performed
more frequently in our population and also failed to dif-
ferentiate unilateral from bilateral disease. Because of
these limitations, renography, either with or without cap-
topril, cannot be recommended as a routine investigation
for suspected RAS.

Our series confirms that contrast angiography is cur-
rently the only reliable way to diagnose renal artery ste-
nosis.

Revascularization, either surgically or by percutane-
ous transluminal angioplasty (PTA), is recommended for
children with RAS to help preserve renal function, pre-
vent injury to other organs and obviate or decrease the
need for long-term antihypertensive medication [23].
PTA has been advocated as a safe and effective therapy
for RVD, especially in patients with fibromuscular hy-
perplasia [34, 35]. However, PTA was less successful in
our series. Dilatation of primary RAS was attempted in
four patients, with no child cured of their hypertension
despite technically satisfactory procedures. The stenosis
in one patient with FMD (M/15 years, Table 4) was un-
able to be dilated despite three balloon inflations at max-
imal pressure, with a fourth attempt leading to balloon
rupture. At surgery, a rigid-walled stenosis of the renal
artery was found suggesting a true hypoplastic vessel, a
lesion that may not be amenable to PTA [37]. In the oth-
er patient with FMD (F/15 months, Table 4), attempted
PTA of a segmental renal artery led to thrombosis of the
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vessel and infarction of the mid-zone of the kidney. Para-
doxically this led to cure of hypertension in this patient,
an outcome previously reported [36]. PTA for restenosis
of a bypass graft was performed in one patient and was
also unsuccessful. Stanley et al. [37] have reported ves-
sel fracture and apparent success with balloon inflation
followed by reappearance of the stenosis as deflation oc-
curs due to excess elastin of these arteries as the two
most common outcomes following PTA. This led them
to conclude that PTA has a very limited role in the treat-
ment of pediatric renovascular hypertension. Other stud-
ies [20, 23, 38] have also reported a poorer outcome for
PTA in children with isolated ostial lesions or syndromes
with aortorenal involvement such as neurofibromatosis
and mid-aortic syndrome. Of the four children in our se-
ries on whom PTA was attempted, one patient had neu-
rofibromatosis and one had mid-aortic syndrome. This
may explain the failure of PTA in these patients and con-
firms previous recommendations for a surgical approach
to these patients [20, 23].

Surgical reconstructive procedures for RVD involve
either angioplastic reconstruction to bypass the stenosis
with synthetic or autologous grafts, or autotransplanta-
tion of one or both kidneys. Nephrectomy may also be
considered as an alternative to revascularization if an af-
fected kidney contributes less than 10% of renal func-
tion. In a review of published surgical series of pediatric
patients, five of six series examined reported postopera-
tive rates of cure or improvement of over 90% [7]. Two
more recent very large long-term series of surgically
treated children with RAS reported cure rates of 70%
[39] and 79% [37], with improvement in a further 26%
and 19% respectively. Our series had worse cure rates
(50%) but the number of patients was small in compari-
son to other studies and many patients in our series had
complex lesions involving both the renal arteries and the
vascular tree. Our figures are in close agreement with
those of Ellis et al. [23], who summarized a 10-year ex-
perience in 52 children with complex bilateral lesions re-
porting a 52% cure rate. Of note, 5 of the 27 cured pa-
tients (18%) required more than one surgical procedure,
and follow-up in all studies was relatively short. Our pa-
tients treated surgically have been followed for a mean
of 11 years 3 months. During this time no patient who
was initially cured following surgical intervention has
had recurrent disease. One child required emergency re-
operation following avulsion of an autologous graft from
the aorta during a pubertal growth spurt. This child sur-
vived and remains normotensive on no antihypertensive
medication.

In summary all children with hypertension should be
fully assessed for the possibility of a correctable renal ar-
terial lesion. In particular, young children that do not
have the full diagnostic criteria for neurofibromatosis
may have significant renal lesions. While angiography
remains the gold standard for diagnosis of renovascular
disease, newer imaging modalities such as gadolinium-
enhanced MRI [40] and spiral CT angiography [41] are
becoming more widely available and have the potential
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to provide relatively non-invasive diagnosis although
their validity in pediatrics remains to be determined. In
addition, the increasing availability of high-resolution
Doppler ultrasound is likely to lead to improvements in
the diagnostic accuracy of this modality. Optimal treat-
ment remains highly individualized and requires careful
discussion between nephrologist, radiologist and vascu-
lar surgeon. The current role for PTA in these children is
controversial and dependent on the nature of the lesion
and the experience of the operator. PTA appears to be
suitable for children with discrete lesions of the renal ar-
tery secondary to fibromuscular hyperplasia. However,
in children with ostial lesions, especially those associat-
ed with neurofibromatosis, or more extensive renal le-
sions with involvement of intrarenal vessels, PTA cannot
be recommended. The long-term outcome after surgical
revascularization remains excellent with a low rate of re-
stenosis.
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