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in the diagnosis of renovascular hypertension
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Abstract
Objectives Renovascular disease (RVD) is found in about
10 % of secondary childhood hypertension. Digital subtrac-
tion angiography (DSA) is the gold standard to diagnose
RVD. Non-invasive imaging methods like Doppler ultrasound
(US), magnetic resonance angiography (MRA), and comput-
ed tomography angiography (CTA) are increasingly used. Our
aim was to evaluate the role and accuracy of US, MRA, and
CTA compared to DSA in diagnosing RVD in children.
Patients and methods A retrospective review of 127 children
with suspected renovascular hypertension was performed in
children referred to Great Ormond Street Hospital between
2006 and 2014 due to clinical suspicion of renovascular hy-
pertension and/or findings on US and/or MRA or CTA.
Results Ninety-nine of 127 children (78 %) were diagnosed
with renovascular disease and 80 were treated with percuta-
neous transluminal angioplasty during the same procedure.
The median age at presentation was 5.6 (range, 2.5–10.6)
years. Thirty-six children had unilateral renal artery stenosis
in major extraparenchymal vessels, 47 bilateral stenosis and
16 intrarenal small vessel disease. US had a sensitivity of 63%
and specificity of 95 %. MRA and CTAwere performed in 39
and 34 children, respectively. CTA sensitivity was slightly
higher than that of MRA, 88 vs. 80 %, and specificity 81 vs.
63 %.

Conclusions The sensitivity of MRA and CTA is still too low
to reliably rule out renovascular disease in children with a
strong suspicion of this diagnosis. DSA remains the gold stan-
dard to diagnose renovascular hypertension and is recom-
mended when clinical and laboratory criteria are highly sug-
gestive of renovascular disease even with normal radiological
investigations from non-invasive methods.
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Abbreviations
CTA Computed tomography angiography
DSA Digital subtraction angiography
GOSH Great Ormond Street Hospital London
IQR Interquartile range
MRA Magnetic resonance tomography
RAS Renal artery stenosis
RVD Renovascular disease
US Doppler ultrasound

Introduction

Renovascular disease is found in 10% of secondary childhood
hypertension [1–3]. Renal artery stenosis is important to ac-
curately diagnose, as it is potentially amenable to curative
treatment with several endovascular and surgical techniques.

Digital subtraction angiography (DSA) is the gold standard
in establishing the diagnosis of renovascular disease in chil-
dren. It provides the best spatial and temporal resolution, pro-
ducing excellent images of the renal arterial lumens and
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branches [4]. One main advantage of angiography is that ther-
apeutic intervention with endovascular treatment can be un-
dertaken by the interventional radiologist during the same
procedure. On the other hand, DSA is an invasive diagnostic
method that often needs general anesthesia in children ex-
posed to a significant ionizing radiation exposure.

Several non-invasive imaging techniques are increasingly
used to diagnose renovascular hypertension. This is based on
clinical experience and studies in adult patients. The role of
non-invasive imaging in children with suspected renovascular
hypertension remains unclear due to the lack of studies in
children. In this study, we aim to evaluate the accuracy of
Doppler ultrasound (US), magnetic resonance angiography
(MRA), and computed tomography angiography (CTA) com-
pared to the gold standard DSA.

Patients and methods

A retrospective review of the medical notes, radiology re-
ports, and diagnostic images of all children with suspected
renovascular hypertension referred to Great Ormond Street
Hospital for Children NHS Foundation Trust, London
(GOSH) between 2006 and 2014 was performed. Children
were transferred due to hypertensive emergencies or have
been referred either based on positive US, MRA, or CTA
scan results, or on clinical suspicion of renovascular hyper-
tension evaluated with our established clinical and labora-
tory diagnostic algorithm [5].

All children underwent US and DSA at GOSH. We rarely
perform MRA and CTA for this indication in our institution
and we used the reports and diagnostic images of the MRA
and CTA performed in the referring hospital for this study.
Subsequent investigations in patients with known RVD or
imaging of renal transplant vessels were excluded.

Clinical information on age at presentation, clinical symp-
toms, any underlying disease or diagnosed syndrome, blood
pressure, number of anti-hypertensive medications, and inter-
ventional radiology procedures were recorded.

Definitions

Hypertension was classified into pre-hypertension (systolic
blood pressure (SBP) between 90th and 95th centile), stage
1 hypertension (SBP >95th centile but ≤99th percentile plus
5 mmHg) and stage 2 hypertension (BP is >99th centile plus
5 mmHg).

RAS was defined as significant reduction of intraluminal
diameter (e.g. ≥ 60 %) of the renal artery and presence of
collateral vessels in DSA. The size of renal arteries is affected
by the age and the size of the child and by the degree of
branching. DSA results were interpreted as an involvement
of major renal vessels when amenable for angioplastic

interventions and as intrarenal small vessel disease when not
amenable for interventions including segmental, lobar, and
interlobar renal arteries. Major renal arteries were represented
by the main renal artery, but also by one of its major branches
(anterior/posterior division), accessory or duplicated renal ar-
teries. Involvement of the abdominal aorta, superior mesenter-
ic artery (SMA), inferior mesenteric artery (IMA), and celiac
trunk were documented.

MRA and CTA suggested renovascular disease when one
or more stenoses were directly visualized, evaluated by a rel-
evant reduction of the intraluminal diameter and presence of
collateral vessels.

Renal Doppler US was defined as positive, suggesting
renovascular disease when US could directly visualize a
stenosis or when a parvus et tardus waveform pattern or
pathologic age-dependent flow parameters (peak systolic
flow > 2 m/s [6, 7], acceleration time > 80 ms, renal artery
to aortic flow velocity ratio >3, and difference in resistive
index) were seen. A significant difference in kidney length
(≥1 cm) was regarded as a possible indirect sign of RAS.

The accuracy of the non-invasive methods was compared
to the gold standard considering both the results of each pa-
tient and each kidney separately.

Statistics

Percentages are given relative to all patients with available
information regarding a particular topic. Sensitivities and
specifities were determined for each method using DSA as
the reference standard. Age is given as median with interquar-
tile range (IQR).

Results

Patient characteristics

Between 2006 and 2014, 127 patients were newly referred to
GOSH for evaluation of renovascular hypertension and inves-
tigated with Doppler US and DSA following a diagnostic
algorithm. Among these, 12 patients (9.4 %) had a single
functioning kidney either due to congenital absence or invo-
lution of a multi-cystic dysplastic kidney (six patients) or sur-
gical removal (six patients). Consequently, 242 kidneys from
127 patients were included in the per kidney analysis.

Before they were referred, 50.3 % of children (64/127)
were evaluated by MRA, CTA, or both. Among these, 53
patients had positive results suggestive for renovascular dis-
ease whereas 11 patients had negative investigations. The oth-
er half of the study cohort (N = 63) underwent DSA based on
clinical and laboratory criteria and Doppler US results (26
with positive and 37 negative Doppler US results).
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The age at diagnosis and at performing DSA are given in
Fig. 1. More than half of the children (53 %) presented before
the age of 6 years, 9 % during the first 6 months of life.
Median age at first presentation was 5.6 (IQR, 2.5–10.6)
years, median age at time of angiography 7.5 (3.6–11.5) years.
Age at time of DSA differs from that at first disease manifes-
tation, especially in the younger (<3 years) and older age
groups (≥12 years) (Fig. 1). Overall, only 38 % of patients
received DSA in the first 3 months after disease manifestation
independent of age at clinical presentation: In the age group
less than 1 year, 38 % (5/13) had the DSA shortly after onset
of their disease; 32 % of patients in the age group 1–6 years
underwent angiograms within 3 months after clinical manifes-
tation, 43 % of patients in the age group ≥ 6 years.

Information about symptoms at presentation is reported in
72% (91/127) of children. Among these, 41 % were clinically
asymptomatic on screening blood pressure measurements,
whereas 59 % (54/127) had neurological, cardiological, or
unspecific clinical symptoms, mainly headaches.

More than three-quarters of patients (77 %; 98/127) pre-
sented with stage 2 hypertension and systolic blood pressure
levels ≥ 140 mmHg, whereas 20 % of patients (25/127) pre-
sented with stage 1 hypertension and 3 % (4/127) with pre-
hypertension. Blood pressure was difficult to control medical-
ly in 89 % of patients, requiring treatment with two or more
anti-hypertensive agents.

An underlying condition causing the RAS was present in
25 % of the children - with neurofibromatosis type 1 (19/127,
15 %) and Williams syndrome (7/127; 5.5 %) as the most
common.

DSA findings

Ninety-nine of 127 children (78 %) were diagnosed with re-
novascular hypertension on DSA. Thirty-six percent of pa-
tients were diagnosed with unilateral, 47 % with bilateral

stenosis in the major renal arteries (including main, branch
and accessory arteries), and 16 % with unilateral/bilateral
intrarenal small vessel disease (including segmental, lobar,
and interlobar renal arteries). In 34 %, mid-aortic syndrome
was diagnosed additionally, either combined with bilateral
(26 %) or unilateral renovascular disease (8 %). Isolated uni-
lateral main renal artery stenosis was only diagnosed in 28 %
of patients. In 14 %, other main intra-abdominal arteries
(SMA, IMA, and/or celiac trunk) were affected.

Eighty children could be treated with angioplasty during
the same intervention. Among these, 52 patients underwent
unilateral and 28 patients bilateral angioplasty. Additionally,
six patients required angioplasty of mid-aorta.

MRA versus DSA

MR angiography had been performed in 30 % (39/127) of the
children prior to referral to us. Their median age was 8.0 (3.6–
11.6) years. A total of 77 % of these MRA investigations had
shown a positive result. On the patient level, we found a sen-
sitivity of 82 % for MRA and specificity of 36 % (Table 1).
Sensitivity was similar (80 %) when considering each kidney
separately while specificity improved to 62% (Table 1). MRA
had a sensitivity and specificity of 88 and 94 % in detecting
mid-aortic syndrome.

MRA missed the diagnosis of renal artery stenosis in ten
kidneys: The location of RAS was the main renal artery in six
of these cases, anterior or posterior branch artery in two and a
segmental artery in two cases.

Median age of children with false-negative MRA results
was 5.5 (3.8–8.2) years, 11 (9.6–15.4) years in children with
false-positive MRA results. A pattern of reasons of false-
negative MRA results like younger age or smaller vessel size
could not be identified.
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digital subtraction angiography
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CTA versus DSA

CT angiography had been performed in 27 % (34/127) of
children before they were referred to us. The median age of
performing CTA in children was 6.2 (4.2–9.7) years.
Renovascular disease had been diagnosed in 29 of 34 CTA
scans (85 %). Sensitivity was 93 % and specifity 50 % on
analyses per patient (Table 2). Assessing accuracy of CTA
based on each kidney separately, sensitivity was 88 % and
specifity 81 % (Table 2). Interestingly, CTA failed to diagnose
mid-aortic syndrome (sensitivity only 45%) whereas specifity
in diagnosing mid-aortic syndrome was 96 %. Five diagnoses
of renovascular disease were missed by CTA. All stenoses
were identified in the main renal artery by DSA, combined
with an additional stenosis in one of the branch renal arteries
in one case. The median age of children with false-negative
CTA results was 11 (7.5–15.3) years and 8.3 (6.3–10.2) years
in children with incorrectly identified RAS (false-positive
results) by CTA.

MRA and CTA versus DSA

Both MR and CT angiography had been performed in nine
children (7 %) and 16 kidneys. In combination, CTA and
MRA showed a sensitivity of 100 % in detection of renal
artery stenosis (analyzed on kidney level) but only 50 % in
diagnosing mid-aortic syndrome. Specificity of the combined
investigations was 75 % in included children and 86 % on the
kidney level. CTA and MRA showed consistent results in
seven of nine patients. MRA missed bilateral renal artery ste-
nosis in one child and overdiagnosed unilateral renal artery
stenosis in another patient whereas CTAwas true positive/true
negative in these patients.

Renal Doppler US versus DSA

All children had been investigated with renal Doppler US in
our pediatric radiology unit. There was a suspicion of renal

artery stenosis in 50 % of these investigations. The sensitivity
of Doppler US based on Doppler US criteria and number of
patients, compared with DSA, was 63 %, whereas specifity
was 96 % (Table 3).

If the criteria with difference in kidney length ≥1 cm were
included, 12 more patients were identified. Among these 12
patients, ten were diagnosed with renal artery stenosis on DSA
(true-positive results). Sensitivity of Doppler US increased to
73 %, specificity dropped to 89 % if the length criterion was
also included (Table 4).

Analyzed on a kidney level (nkidneys = 242), sensitivity was
65 % and specifity 95 % (Table 5). Separately analyzing chil-
dren with single kidneys, sensitivity was 40 % and specificity
100 % but number of included children were small (nsingle
kidneys = 12).

Seventy-one renal artery stenoses were not identified by
Doppler US, located in 39 main, 11 branch, and 14 segmental
and smaller arteries. Seven main renal artery stenoses ap-
peared combined with intrarenal changes of small renal
arteries.

Summarized, 65 % (46/71) of missed renal artery stenoses
were located in the main renal artery. Median age of children
with false-negative results was 6 (3.4–10.2) years compared to
7.5 (3.6–11.5) years in all 127 patients.

Discussion

In this retrospective study of 127 children with suspected
RAS, we found the sensitivity to diagnose renal artery stenosis
to be 88 % for CTA, 80 % for MRA, and 73 % for Doppler
US. These results are worse than those seen in prospective
studies in adult patients with sensitivities of 92–98 % for
MRA and 64–94 % for CTA [8–14]. The sensitivity is the
most important parameter for these investigations, as it is cru-
cial not to miss any treatable RAS. Of importance is that our
study is biased towards better performance of MRA and CTA,
as findings on those modalities were one main reason for

Table 1 Comparison ofmagnetic
resonance tomography (MRA)
versus digital subtraction
angiography (DSA) results

Investigation and result DSApatients (n = 39) DSAkidneys (n = 71)

Negative Positive Negative Positive

MRApatients/MRAkidneys negative 4 5 15 10

MRApatients/MRAkidneys positive 7 23 9 40

Table 2 Comparison computed
tomography angiography (CTA)
versus digital subtraction
angiography (DSA) results

Investigation and result DSApatients (n = 34) DSAkidneys (n = 61)

Negative Positive Negative Positive

CTApatients/CTAkidneys negative 3 2 17 5

CTApatients/CTAkidneys positive 3 26 4 35
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referral to us. It is thus impossible to know howmany children
had false-negative CTA or MRA that never had formal DSA.

We advocate performing DSA if the clinical findings are
highly suspicious of renovascular hypertension, as all other
methods miss relevant and potentially treatable cases of renal
artery stenosis. We have developed a clinical diagnostic algo-
rithm to guide in this [5]. This is especially important in the
younger age group and in small vessels, where data suggest
non-invasive imaging is more likely to fail [15, 16]. The al-
gorithm includes the evaluation of the grade of hypertension
(e.g., hypertension stage 2), number of anti-hypertensive med-
ication (at least ≥ 2 drugs), secondary symptoms of hyperten-
sion (most common cardiac and cerebral), underlying syn-
dromes with higher risk for vasculopathies, signs for vasculi-
tis, known previous vascular insults (e.g., umbilical arterial
catheter, previous trauma or radiation), existing bruit during
auscultation of renal arteries, raised peripheral plasma renin
and moderate hypokalemia. The included study cohort is
highly prescreened, but also shows the efficacy of the screen-
ing based on clinical and laboratory criteria. The positive an-
giography rate was remarkably high with 78 %.

Although 78 % of included children were diagnosed with
renovascular disease by DSA, only 38 % of patients with
suspected renovascular hypertension underwent angiogram
within 3 months after clinical presentation independent from
initial age. Earlier performance of DSA in children with high-
ly suspected renovascular hypertension is recommended. The
tendency to perform DSA in younger age groups delayed
with > 3 months after first manifestation can reflect the tech-
nical challenges of the examination in this age group.

In our study, 99 of 127 children were diagnosed with reno-
vascular disease and 80 children were treated with angioplasty
during the same procedure. A minority (28 %) had only

isolated unilateral main renal artery stenosis. A large group
showed widespread vascular disease with bilateral stenosis,
mid-aortic involvement and/or involvement of the splanchnic
circulation. This confirms the observation that children often
have a complex renal artery disease with different locations of
RAS [15]. As seen in our study, in general, RAS in children
involves the extraparenchymal main, accessory, branch arter-
ies, and/or intraparenchymal segmental renal arteries, less fre-
quently the lobar and intralobar arteries [15, 17, 18]. The most
important issue is if the size of the renal artery allows angio-
plasty as a curative treatment option. Apart from the degree of
branching, age and size of the child influence the size of renal
arteries. These aspects need to be taken into account when
evaluating the accuracy of non-invasive methods in pediatric
renovascular disease.

Doppler US

Renal vessel and abdominal vessel Doppler US is an impor-
tant baseline investigation, as it also can detect tumors (such
as neuroblastoma or pheochromocytoma) and show discrep-
ant renal lengths or other renal pathologies. US is a simple
and safe technique but requires experienced pediatric staff
and a cooperative child to obtain adequate images. In gen-
eral, the experience with Doppler US in pediatrics is rather
limited apart from diagnosing renal artery stenosis in
transplanted kidneys [19]. Adult series have shown a sensi-
tivity of Doppler US of 60–100 % and specifity of 70–
100 % in the detection of renal artery stenoses [10,
20–25]. The sensitivity in our study was in the lower end
of that range, 63 %, improving to 73 % when the diagnostic
criteria were extended to include kidney length difference of
≥1 cm. Our findings are consistent with other pediatric stud-
ies in smaller cohorts in which false-negative or false-
positive results are not uncommon. A sensitivity for
Doppler US of 65–88 % and specificity of 83–99 % has
been reported in studies of up to 47 children [6, 26–28].
All pediatric studies are consistent with the observation that
Doppler US has difficulties with the detection of stenoses of
small renal artery branches, segmental renal arteries or ac-
cessory renal arteries [5, 6, 15, 26, 28, 29]. In our cohort,
65 % (46/71) of missed renal artery stenoses were, however,
located in the main renal artery prior to any branching.

Table 4 Comparison of Doppler ultrasound versus digital subtraction
angiography (DSA) results based on number of patients (npatients = 127) –
considering Doppler ultrasound (US) findings in combination with dif-
ference in kidney length ≥ 1 cm as diagnostic criterion

DSApatients

negative
DSApatients

positive

Doppler USpatients negative 25 27

Doppler USpatients positive 3 72

Table 3 Comparison of Doppler ultrasound versus digital subtraction
angiography (DSA) results based on number of patients (npatients = 127) –
considering Doppler US findings as only diagnostic criterion

DSApatients

negative
DSApatients

positive

Dopplerpatients negative 26 37

Dopplerpatients positive 1 63

Table 5 Comparison of Doppler ultrasound versus digital subtraction
angiography (DSA) results based on number of kidneys (nkidneys = 242)

DSAkidneys

negative
DSAkidneys

positive

Dopplerkidneys negative 47 71

Dopplerkidneys positive 2 122
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CTA

The quality of the three-dimensional images using contrast-
enhanced multidetector computer tomography angiography
(CTA) has improved significantly with technical advance-
ments. Several recent studies comparing renal CTA to DSA
in adults with renal artery stenosis have shown comparable
accuracy [11, 30]. Renal CTA in adults has shown sensitivity
of 64–94 % and specificity of 62–97 % for hemodynamically
significant renal artery stenosis [8–11, 31].

There is only one small retrospective pediatric study of 24
children with clinically suspected renovascular disease, where
CTA correctly predicted the DSA results of RAS in five of the
six patients with a confirmed diagnosis [32].

The advantages of renal CTA are that it is non-invasive, can
be conducted quickly without the need for sedation or general
anesthesia, allows easy generation of 3D images, while spar-
ing the risks of conventional DSA. However, CTA gives a
significant radiation exposure, even with low-dose protocols
[33]. CTA also has the ability to assess non-vascular structures
and is sensitive for detecting non-vascular but surgically cor-
rectable causes of hypertension in children, such as occult
renal or suprarenal neoplasms [32], which may be occasion-
ally missed by laboratory tests, US and DSA.

MRA

Unlike CTA, contrast-enhancedMRA of the renal arteries and
abdominal aorta in children often requires sedation or general
anesthesia. MRA is otherwise an ideal non-invasive imaging
technique and can evaluate renal parenchymal disease with
high anatomical detail. The spatial resolution of MRA exam-
inations has improved significantly with technological ad-
vancements, and recent studies in adults have shown excellent
resolution of the main artery [12]. A meta-analysis of 25 stud-
ies including 998 adult patients reported sensitivity and spec-
ificity of non-enhanced MRA of 94 and 85 % [14]. For
gadolinium-enhanced MRA, sensitivity was 97 %, specifity
93 % [8, 10, 12–14, 31].

There exists again very little pediatric data. MRA was
less sensitive and specific than CTA in our cohort of 39
patients and 74 kidneys. False-negative results were mainly
seen in younger children. A pattern of reasons of false-
negative results could however not be identified. Not only
stenoses in small intrarenal arteries—segmental, lobar, and
intralobar renal arteries—or accessory renal arteries were
missed by MRA, but predominantly main renal artery ste-
noses. This observation thus supports our recommendation
to perform DSA in children with suspected renal artery
stenosis. False-positive results were seen in children with
unilateral duplicated renal arteries on one side, one being
more gracile but not stenotic in DSA.

The largest drawback with our study is that it was based on
retrospective data using results obtained in many different
pediatric radiology departments around the world with vari-
able techniques. This means that we have no full knowledge
about the exact technique that was used for the investigation.
We observed an improvement of equipment and techniques
over time. Clinically important (i.e., treatable) causes of hy-
pertension will often be missed, even with the best equipment
and techniques currently available. We have discussed
performing a prospective study with CTA and MRA acquired
during the same admission to our unit. This would, however,
substantially have increased the radiation burden and many
children would have needed additional general anesthesia.
From our clinical point of view, such an extended study was
not ethically justified and practicable, although it would be the
best scientific approach. The advantage with our clinical ap-
proach is that it gives real-world knowledge of how well CTA
and MRAwork in different units around the world and entail
further diagnostic steps. Better results of MRA and CTA tech-
niques will exist in major international centers, but we report
here our experience in the diagnostic approach to a rare but
important diagnosis in childhood in the largest published pe-
diatric cohort to date.

In summary, there is no reliable non-invasive imaging
study in depicting renal artery stenosis in children. Neither
CTA nor MRAwas shown to be sensitive enough to diagnose
all renovascular disease in children. There are two important
differences between pediatric and adult practice. Firstly, the
disease process (and anatomical distribution) is different in
children, and attention must be directed to lesions of very
small (often <1 mm) arteries. Secondly, the importance of
reliably diagnosing every case of RVD in adult patients might
be slightly less. Non-invasive imaging can, however, be used
to rule out extraparenchymal processes, diagnose parenchy-
mal disease, or to plan surgery and to follow-up post-surgery.

It seems likely that future technical developments will
improve the performance of CTA and MRA. In particu-
lar, it may be possible to identify ischemic areas of renal
parenchyma using MR techniques that evaluate perfusion
delay. This might be achievable using a bolus of intra-
venous contrast and the rapid acquisition of a series of
images at high temporal and moderate spatial resolution.
The decision to undertake CTA or MRA in the diagnos-
tic process of renovascular hypertension needs to be in-
dividualized and probably adapted to the age and the
clinical condition of a patient. CTA is often more suit-
able for imaging of the renal arteries in small and young
children and has the advantage of requiring no sedation
or general anesthesia, whereas MRA might be preferred
in older children, sparing radiation exposure without re-
quiring sedation.

We recommend a clinical algorithm to decide when to do a
DSA before or despite negative Doppler US, MRA, or CTA
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results [5]. In children with clinically a high suspicion of re-
novascular disease, DSA remains the gold standard.
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