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Renal sonography with Doppler for detecting suspected
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Abstract

Background Renal Doppler US is used to evaluate suspected
vascular causes of hypertension in children, despite mostly
unknown diagnostic performance characteristics.

Objective To evaluate renal Doppler US for detecting vascular
causes of hypertension in children with high clinical suspicion
of aortic or renal artery narrowing.

Materials and methods We identified pediatric renal Doppler
US examinations performed for hypertension between January
1995 and June 2010 at our institution. We excluded children
without follow-up angiography (CT-, MR-, or catheter-based).
Two pediatric radiologists reviewed imaging studies and doc-
umented relevant findings. Intrarenal spectral Doppler resistive
index measurement <0.5 or tardus parvus waveform constitut-
ed a positive examination.

Results Thirty-five boys and 13 girls underwent renal Doppler
US and confirmatory imaging (mean age = 9.0 years). Nineteen
US examinations were truly negative, two were falsely negative,
18 were truly positive (16 involved narrowing of the aorta or
main renal artery) and nine were falsely positive. Sonography
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had a sensitivity and specificity of 90% and 68%, respectively,
for detecting a vascular cause of hypertension.

Conclusion Renal Doppler sonography reliably detects renin-
mediated hypertension caused by aortic or main renal artery
narrowing in children. More studies are needed to determine its
ability to detect intrarenal and accessory renal artery stenoses.

Keywords Renal artery stenosis - Renovascular
hypertension - Renin - Hypertension - Doppler ultrasound -
Children

Introduction

Childhood hypertension is uncommon but it is associated with
substantial morbidity, including hypertensive encephalopathy,
stroke, cardiac diastolic dysfunction, and left ventricular hy-
pertrophy [1]. In infants and children, unlike in adults, sec-
ondary hypertension, or elevated blood pressure caused by an
identifiable, potentially correctable cause, is commonplace.
Secondary hypertension in children has many causes, includ-
ing: suprarenal aortic and renovascular narrowing, a variety of
congenital and acquired renal parenchymal abnormalities,
hormone-producing tumors (e.g., reninoma, neuroblastoma,
pheochromocytoma and adrenocortical neoplasm) and endo-
crine dysfunction [2, 3]. A recent study by Gomes et al. [3]
demonstrated an identifiable cause for hypertension in 85% of
children presenting to a pediatric nephrology clinic specializ-
ing in hypertension. The most common cause in that study’s
children was intrinsic renal disease, accounting for 78% of
cases. A second large study of hypertensive children from
Poland demonstrated intrinsic renal disease, most commonly
reflux nephropathy, in 68% of cases [2].

Identifying the presence of renin-angiotensin-mediated re-
novascular hypertension is crucial because interventional and
surgical therapies can be curative and spare affected children



Pediatr Radiol (2014) 44:42-49

43

from a lifetime of anti-hypertensive therapy and hypertension-
related complications. Suprarenal aortic or renal arterial
narrowings are important causes of hypertension in children,
accounting for 2% to 10% of cases [3—8]. There are various
categories of pediatric aortic and renovascular hypertension,
including those caused by embolus or thrombus related to
umbilical artery catheterization in neonates; developmental
arterial narrowing (often referred to as fibromuscular dyspla-
sia with combinations of intimal fibroplasia, medial thinning
and excess external elastic lamina) [8, 9]; congenital thoracic
or abdominal aortic coarctation or interruption; inflammatory
aortoarteritis, such as occurs with Takayasu arteritis and
radiation-induced vascular injury; congenital aneurysms; and
extrinsic renal arterial compression, such as occurs with ret-
roperitoneal tumors like neuroblastoma [1, 5]. Numerous
syndromes are associated with vascular causes of hyperten-
sion, such as neurofibromatosis type 1 (NF-1), Williams syn-
drome, Turner syndrome and tuberous sclerosis [1, 8, 10].

Imaging challenges in the assessment of renovascular hy-
pertension are different for children compared to adults. In
particular, imaging of pediatric renovascular hypertension can
be difficult because of smaller-caliber blood vessels, difficulty
timing imaging with respect to intravascular contrast material
administration, lack of patient cooperation contributing to
increased motion artifacts, and efforts to minimize ionizing
radiation exposure. Although catheter-based intra-arterial dig-
ital subtraction arteriography (IADSA) is the gold standard for
the diagnosis of aortic and renovascular causes of hyperten-
sion because of its excellent spatial and contrast resolution, it
is an invasive procedure associated with a variety of compli-
cations in addition to its exposure to ionizing radiation. Less
invasive imaging modalities have been used more recently to
assess aortic and renovascular hypertension in children, in-
cluding renal sonography with Doppler, computed tomogra-
phy angiography (CTA) and magnetic resonance angiography
(MRA). These cross-sectional imaging tests also allow for
evaluation of renal size and parenchymal quality and may
identify potential non-renal causes of hypertension (e.g., pheo-
chromocytoma or aldosteronoma arising from the adrenal
gland) [11, 12].

The purpose of the present study was to retrospectively
assess the ability of renal sonography with Doppler to detect
the presence of vascular causes of hypertension in children
with high clinical suspicion of aortic or renal artery narrowing,
using CTA, MRA and intra-arterial digital subtraction arteri-
ography as reference standards.

Materials and methods
This retrospective investigation was approved by our institu-

tional review board and compliant with HIPAA. The need for
informed consent was waived.

We identified all children within the University of Michigan
Health System who underwent renal sonography for the eval-
uation of hypertension between January 1, 1995, and June 30,
2010. These children, all younger than 18 years, were identi-
fied through a search of institutional electronic medical records
for renal US examinations that included the following terms in
the provided clinical information: “hypertension,” “renal artery
stenosis,” “renovascular hypertension” and “blood pressure.”
All children without a follow-up confirmatory imaging test
(CTA, MRA or intra-arterial digital subtraction arteriography)
were considered to have low clinical suspicion for renin-
mediated hypertension and were excluded. Children were also
excluded if the identified renal US examination was performed
without spectral Doppler US, or if the spectral Doppler data
obtained was determined to be nondiagnostic.

Pertinent US examinations were retrospectively reviewed
by two fellowship-trained pediatric radiologists (2 and 4 years’
experience interpreting US examinations, respectively). Radi-
ologists were blinded to the original imaging report document-
ed in the medical record. All identified imaging examinations
performed prior to the year 2000 were film-based and were
successfully retrieved from an off-site storage facility. Imag-
ing performed from 2000 to 2010 was reviewed on a PACS
workstation. Renal Doppler US studies were documented as
being either positive or negative for evidence of aortic or
renovascular stenotic disease based on consensus agreement.
The following US findings (either isolated or in combination)
were used to establish an examination as being positive: (1)
abnormally low intrarenal spectral Doppler resistive index
measuring less than 0.5, and (2) tardus parvus morphology
of the spectral Doppler waveform (abnormally slow systolic
acceleration with decreased peak systolic velocity). Our stan-
dardized institutional protocol for renal US with Doppler
examination includes gray-scale imaging of the kidneys in
both the longitudinal and transverse planes; color Doppler
imaging of the kidneys, main renal arteries and main renal
veins; spectral Doppler of the main renal arteries and main
renal veins; and intrarenal spectral Doppler evaluation of
upper-, mid- and lower-pole arcuate arteries with resistive
index measurements. If bilateral intrarenal spectral Doppler
waveforms are abnormal, then imaging of the suprarenal
abdominal aorta is performed to assess for aortic coarctation
or middle aortic syndrome. US imaging was performed using
numerous machines from a variety of manufacturers over the
course of the study period. Examinations performed during
the routine workday were scanned by pediatric-dedicated
technologists, whereas afterhours and weekend examinations
were performed by both pediatric-dedicated technologists and
technologists who scan primarily adults within our health
system but that have at least some pediatric training.

Pertinent confirmatory angiographic (CTA, MRA or
intra-arterial digital subtraction arteriography) examinations
(both images and reports) from the same children were also
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retrospectively reviewed by the same two pediatric radiolo-
gists. These imaging examinations were recorded as being
either positive or negative for the presence of aortic or reno-
vascular stenoses, and relevant imaging findings were docu-
mented. All MRA examinations included a gadolinium-
enhanced three-dimensional MRA sequence in the arterial
phase, while all intra-arterial digital subtraction arteriography
examinations included both frontal and lateral aortography as
well as selective (and sometimes superselective) injections of
the renal arteries.

Finally, a single author reviewed electronic medical records
to record pertinent demographic data and how children were
clinically or surgically managed after their index renal US
examinations. We reviewed the medical records following
confirmatory angiographic imaging in false-positive and
true-negative patients to determine whether a renin-mediated
cause of hypertension was later identified.

Statistical analysis

Continuous data were summarized using means and ranges,
while categorical data were summarized by counts and per-
centages. The sensitivity and specificity of renal sonography
with Doppler for detecting aortic and renovascular causes of
hypertension in children were calculated with 95% confidence
intervals, using the aforementioned confirmatory imaging
tests as the reference standard. Three secondary analyses were
also performed. In particular, the sensitivity and specificity of
renal sonography with Doppler were determined when using
only intra-arterial digital subtraction arteriography as the ref-
erence standard, as well as in patients with isolated renal artery
stenosis and no aortic narrowing (using IADSA alone as well
as using CTA, MRA or IADSA as reference standards). The
Wilcoxon rank sum test and Fisher exact test, respectively,
were used to compare the mean ages and genders between
children with and without the final diagnosis of aortic or
renovascular hypertension. The unpaired two-tailed 7-test
was used to compare the mean minimum resistive index
measurements between true-positive and false-positive pa-
tients. A P-value of <0.05 was considered statistically signif-
icant. The above procedures were performed in SAS 9.3 (SAS
Institute Inc., Cary, NC).

Results

A total of 928 pediatric renal US examinations meeting our
initial search criteria were performed during the study period.
Forty-eight examinations in 48 children were determined to
have diagnostic renal Doppler imaging as well as one or more
subsequent confirmatory imaging tests. Among the children
with confirmatory testing, there were 35 boys and 13 girls,
with a mean age 9.0 years (range, 1 month to 17.7 years).
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Primary analysis

Twenty-one of the 48 renal Doppler examinations were neg-
ative. Secondary imaging performed in these children because
of high clinical suspicion for aortic or renovascular hyperten-
sion documented 19 of these examinations to be truly negative
and two to be falsely negative (Fig. 1). Twenty-seven of the 48
renal Doppler examinations were positive, including 18 that
were truly positive based on confirmatory imaging and nine
that were falsely positive (Fig. 2).

Based on the aforementioned results, renal sonography with
Doppler has a sensitivity of 90% (95% CI, 68-99%) and
specificity of 68% (95% CI, 48-84%) for the detection of
aortic and renovascular stenoses in our hypertensive pediatric
population when using CTA, MRA or intra-arterial digital
subtraction arteriography as reference standards. True-
positive cases had the following renal Doppler findings: six
children with tardus parvus waveforms only (three bilateral,
three unilateral), five children with abnormally low resistive
indices only (two bilateral, three unilateral) and seven children
with tardus parvus waveforms and abnormally low resistive
indices (four bilateral, three unilateral). The nine false-positive
US cases had the following renal Doppler findings: one child
with bilateral tardus parvus waveforms, six children with ab-
normally low resistive indices only (two bilateral and four
unilateral) and two children with bilateral tardus parvus wave-
forms and abnormally low resistive indices. Mean true-positive
minimum resistive index was 0.35 (range, 0.20-0.48), while
mean false-positive minimum resistive index was significantly
higher, measuring 0.43 (range, 0.38-0.49) (P=0.02).

Confirmatory testing in the 48 children included 23 chil-
dren who underwent MRA only, 13 who underwent intra-
arterial digital subtraction arteriography only, ten who
underwent both MRA and IADSA, one who underwent
CTA only and one who underwent both MRA and CTA.
Among the 18 children with positive confirmatory imaging,
nine had aortic pathology—three had thoracic aortic coarctation
(Figs. 1 and 3), three had abdominal aortic aneurysms with
associated renal artery stenosis, two had suprarenal abdominal
aortic narrowing with associated renal artery stenosis and one
had an abdominal aortic pseudoaneurysm from recent surgery
with resultant renal artery narrowing (Fig. 4). The remaining
nine children had primary renal artery narrowings: six with
unilateral renal artery stenosis (four ostial, one mid main renal
artery and one with stenosis of an accessory inferior polar
renal artery) and three with bilateral renal artery narrowing
(one bilateral ostial, one bilateral segmental/arcuate arteries
and one with a large neuroblastoma causing bilateral renal
artery narrowing due to mass effect) (Fig. 5).

Twelve of the 18 children with positive confirmatory testing
were managed surgically, four continued medical management
and two underwent aortic stenting. One medically managed
child died prior to surgery from hemodynamic collapse related
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Fig. 1 False-negative Doppler
US imaging in a 3-year-old boy
with hypertension for 1 year. a
Spectral Doppler evaluation of
the kidneys shows normal
intrarenal waveform and resistive
index (RI = 0.68). b Maximum-
intensity projection MRA image
demonstrates focal narrowing of
the mid descending thoracic aorta
(black arrow) as well as abnormal
tapering of the infrarenal
abdominal aorta. Both renal
arteries are diminutive in
appearance with more focal
proximal narrowing (white
arrows)

Fig. 2 False-positive Doppler
US imaging in an 11-year-old girl
with hypertension. a Spectral
Doppler interrogation of the left
kidney demonstrates an intrarenal
tardus parvus waveform and
abnormally low resistive index
(RI = 0.45). b Maximum-
intensity projection MRA image
reveals a normal-appearing left
renal artery
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Fig. 3 Thoracic aortic coarctation in a 12-year-old boy with abdominal indices (RI = 0.26 and 0.28). ¢ Sagittal black blood MR image demon-
pain and incidentally detected hypertension in the Emergency Depart- strates severe focal narrowing (arrow) of the thoracic aorta, just distal to
ment. a, b Spectral Doppler interrogation of the kidneys demonstrates the left subclavian artery, consistent with an isthmic aortic coarctation
bilateral intrarenal tardus parvus waveforms and abnormally low resistive
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Fig. 4 Persistent hypertension following right nephrectomy, patch
aortoplasty and left renal artery reimplantation in a 5-year-old boy. a
Intrarenal spectral Doppler interrogation of the left kidney demonstrates
an abnormally low resistive index (RI = 0.48) without tardus parvus
waveform. b Maximum-intensity projection MRA image shows

to pulmonary hypertension. Of the surgically treated children,
11 underwent revascularization procedures. A single child
underwent unilateral nephrectomy. The kidney that was re-
moved exhibited diffuse renal hypoplasia, including hypopla-
sia of the renal arterial system, upon pathological analysis.
The mean age of the children found to have an aortic or
renovascular cause for hypertension on confirmatory testing
was 5.1 years (range, 1 month to 12 years), while the mean age
of the children without a confirmed cause of renovascular
hypertension was 11.9 years (range, 2—17 years) (P=0.0001).
The mean age for children with a true-positive US examination
was 4.8 years (range, | month to 12 years); false-negative US
examination was 8.0 years (two children; both 8 years old);
true-negative US examination was 11.9 years (range, 2—
17 years); false-positive US examination was 11.8 years
(range, 3—17 years). Fifteen boys and five girls were found to

PSV 284 cmis

EDV 155 cmis
045
L

Fig. 5 Primary renal artery narrowing in an 11-year-old boy with
incidentally detected hypertension during routine primary care phy-
sician visit. a, b Spectral Doppler interrogation of the kidneys demon-
strates bilateral abnormally low resistive indices. ¢ Volume-rendered
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SV Angle 0°
Dep 35 cm
Size 20 mm
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abnormal narrowing of the proximal left renal artery caused by mass
effect from a small pseudoaneurysm (arrow) and associated hematoma
arising from the suprarenal abdominal aorta. Ectasia and undulation of the
infrarenal abdominal aorta is from the aortoplasty (arrowheads)

have a renovascular cause for hypertension on confirmatory
testing, while 20 boys and eight girls were found to have no
aortic or renovascular cause (P=1.0).

Secondary analyses

Using intra-arterial digital subtraction arteriography alone as the
reference standard (»=23), 11 renal sonography with Doppler
examinations were truly positive, three were falsely positive,
seven were truly negative, and two were falsely negative. These
results yield a renal Doppler sensitivity of 85% (95% CI, 55—
98%) and specificity of 70% (95% CI, 35-93%).

When we evaluated children with isolated renal artery
stenosis using CTA, MRA or intra-arterial digital subtraction
arteriography as reference standards (n=39; 9 of the 48 chil-
dren found to have aortic abnormalities on CTA, MRA or

M

|+ PSV 18.9cmis

EDV 127 cmis
Rl 033

CTA image demonstrates bilateral proximal main renal artery narrowings
(arrows). There is also proximal stenosis of an accessory renal artery on
the left (arrowhead)
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IADSA were excluded), nine renal Doppler examinations
were truly positive, nine were falsely positive, 19 were truly
negative and two were falsely negative. These results yield a
renal Doppler sensitivity of 82% (95% CI, 48-97%) and
specificity of 68% (95% CI, 48-84%).

When the above children with isolated renal artery stenosis
were further subdivided to include all children who underwent
intra-arterial digital subtraction arteriography, 18 children
were identified. Six renal Doppler examinations were truly
positive, three were falsely positive, seven were truly nega-
tive, and two were falsely negative. Based on these results,
renal Doppler has a sensitivity of 75% (95% CI, 35-96%) and
specificity of 70% (95% CI, 35-93%) when compared to
intra-arterial digital subtraction arteriography.

Discussion

The clinical diagnosis of aortic and renovascular hypertension
in children can be difficult. Certain clinical parameters that
can direct the pediatrician toward a diagnosis of renin-
mediated hypertension include a systolic blood pressure great-
er than 200 mmHg at presentation and hypertension that is
refractory to multiple medications [3, 5]. However these find-
ings are considered neither sensitive nor specific enough to
detect renin-mediated hypertension when present and exclude
it when absent [5].

Because the clinical diagnosis of renin-mediated hyperten-
sion is challenging, imaging evaluation of hypertensive chil-
dren is frequently performed [13]. Renal sonography with
Doppler is commonly used as an initial screening test for both
children and adults with suspected aortic and renovascular
disease because of its noninvasiveness, low cost, widespread
availability and lack of need for ionizing radiation, sedation or
intravascular contrast media. However this use in children is
supported in neither the pediatric radiology nor pediatric hy-
pertension literature, because sensitivity and specificity are
unclear [14].

Direct visualization of the renal arteries using either gray-
scale or Doppler US is not always reliable in children based on
our institutional experience, and thus assessment for aortic
and renovascular causes of hypertension has frequently been
performed using evaluation of a variety of secondary gray-
scale and Doppler US findings [11]. For example the affected
kidney might appear unusually small, abnormally low
intrarenal resistive indices might be observed with spectral
Doppler interrogation, and the acquired waveform might ex-
hibit a tardus parvus configuration [15]. These spectral Dopp-
ler US findings have been described in the setting of renal
artery and suprarenal aortic narrowing [11]. Renal sonography
with Doppler does have known disadvantages, however, in-
cluding operator dependence, occasionally inadequate acous-
tic windows from intervening bowel gas or body habitus, and

considerable limitations with respect to identifying accessory
renal artery, branch renal artery and intrarenal renal artery
stenoses [16—19].

Multiple reports describing the use of sonography in the
evaluation of renal artery stenosis have focused almost exclu-
sively on adult populations. Early investigations were limited
because of technical difficulties resulting in nondiagnostic
studies ranging from 25% to 50% [17, 19]. More recent
investigations have demonstrated adequate renal Doppler ex-
aminations in up to 96% of adults, likely reflecting a combi-
nation of advances in US technology and increased user
confidence [20]. Still, some reports describe particular diffi-
culty directly imaging areas of main renal artery narrowing,
and even more difficulty identifying narrowed small accessory
renal arteries and intrarenal arterial segments [17-19].

In children the small main renal arteries and even smaller
accessory renal arteries make direct arterial imaging very
challenging and sometimes impossible [5]. As such, renal
Doppler examinations performed on children often rely upon
interrogation of segmental (arcuate) intrarenal arteries by
identifying indirect spectral Doppler evidence of more prox-
imal arterial narrowing, such as tardus parvus waveforms or
abnormally decreased resistive indices. Segmental and more
peripheral focal renal artery stenoses have also been shown to
be a common cause of renovascular hypertension in children
[10]. It is interesting to note that a larger surgical series by
Stanley et al. [8] that described 97 children with renin-
mediated hypertension found ostial and main renal artery
stenoses to be more common than distal stenoses based on
intra-arterial digital subtraction arteriography. Using catheter-
based angiography as their reference standard, Stavros et al.
[21] demonstrated that intrarenal spectral Doppler assessment
of segmental arteries evaluating for tardus parvus waveforms
has a high technical success rate, is highly sensitive and
specific and shortens examination times.

An earlier study of 58 adults comparing renal sonography
with Doppler to intra-arterial digital subtraction arteriography
found the sensitivity and specificity of renal Doppler sonog-
raphy to be 73% and 71%, respectively [22]. In a second
series, with 129 adults, renal sonography with Doppler studies
had a sensitivity of 75% and a specificity of 86% compared to
intra-arterial digital subtraction arteriography [23]. In a study
performed more than a decade ago, 22 children with hyper-
tension underwent both renal Doppler sonography and intra-
arterial digital subtraction arteriography [24]. A total of 13
children in that series were shown to have renal artery stenosis
by IADSA. Among the 22 children evaluated, there were two
false-negative and two false-positive cases by sonography,
yielding a sensitivity of 83% and a specificity of 78%.

In the present investigation of 48 children with high clinical
suspicion for aortic or renovascular hypertension, there were
18 true-positive, 9 false-positive, 19 true-negative, and 2 false-
negative instances when using CTA, MRA or intra-arterial

@ Springer



48

Pediatr Radiol (2014) 44:42-49

digital subtraction arteriography as reference standards. Con-
sequently, renal sonography with Doppler had a sensitivity of
90% (95% CI, 68-99%) and a specificity of 68% (95% CI, 48—
84%). Renal Doppler imaging fared similarly (within the 95%
confidence intervals of our primary analysis) based on a variety
of secondary analyses, with sensitivities ranging from 75% to
85% and specificities ranging from 68% to 70%. Based on our
results and the location of arterial lesions in our patient popu-
lation, renal sonography with Doppler appears to be very
sensitive for detecting narrowings of the suprarenal aortic
and main renal arteries, identifying the cause of hypertension
in 16 of 16 such patients. Only two true-positive cases were
from segmental/arcuate or accessory renal artery narrowings.
Our false-negative cases suggest that renal Doppler might
be limited for detecting the latter lesions, because one false-
negative patient had arcuate artery narrowing and the other
had narrowing of an accessory inferior polar renal artery.
Ultimately our study is too small to confidently establish
the sensitivity and specificity of renal Doppler sonography
for detecting renovascular causes of hypertension distal to
the main renal artery or caused by accessory renal artery
narrowing.

A substantial number of false-positive cases were present
in our study that consequently decreased the specificity of
renal Doppler US. There are two primary explanations for
these false-positive results. First it is possible that renal Dopp-
ler US is actually more sensitive than MRA or CTA and that
the US examination in reality would be a true positive if
compared to intra-arterial digital subtraction arteriography.
Second it is possible that our resistive index cut-off of 0.5
was too high and overly sensitive. Eight of nine false-positive
cases demonstrated low resistive indices with an average
minimum RI measurement of 0.43. Although true-positive
cases had resistive index measurements that were significantly
lower (mean = 0.35), there was substantial overlap between
these the true- and false-positive groups. Thus lowering the
resistive index threshold for a positive Doppler examination
would improve specificity but lower sensitivity. False-positive
resistive indices could be caused by a variety of factors,
because measurements can be affected by vascular compli-
ance and resistance, heart rate, downstream cross-sectional
area, hydration state and even age [14]. It is important to note
that no false-positive or true-negative patient was eventually
diagnosed with renin-mediated hypertension upon follow-up,
based on a review of available medical records (mean follow-
up period 5.8 years, range 6 months to 16 years).

The present investigation has limitations. First it is retro-
spective in design and might have inherent subject selection
bias. For example we included only children with high clinical
suspicion for renin-mediated hypertension who had available
CTA, MRA or catheter-based confirmatory imaging. Second
we looked for only indirect spectral Doppler evidence of
aortic or renovascular narrowing, based on intrarenal arterial
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tardus parvus waveforms and abnormally decreased resistive
indices. Prior studies in adults have discussed the use of other
imaging parameters not evaluated in our study, including main
renal artery peak systolic velocity, velocity of the main renal
artery compared to the abdominal aorta (the renal artery—aorta
ratio) and spectral Doppler waveform acceleration time [17,
18, 22, 23].

Our primary analysis also assumes that MRA, CTA and
intra-arterial digital subtraction arteriography have similar per-
formances for the detection of aortic and renal artery stenoses
(both extrarenal and intrarenal), although this has not been
definitively demonstrated in children. We have attempted to
account for this specific limitation by performing multiple
secondary analyses, two of which only use intra-arterial digital
subtraction arteriography as the reference standard. As men-
tioned above, it is conceivable that renal Doppler sonography
is more sensitive than MRA or CTA, thus causing several of
our false-positive cases and artifactually lowering our specific-
ity calculations. Similarly the use of MRA or CTA as reference
standards, if falsely negative (e.g., compared to intra-arterial
digital subtraction arteriography, which was not performed),
could incorrectly categorize some of our true-negative patients,
thus artifactually increasing our sensitivity calculations. Final-
ly, MRA and CTA techniques have changed over time as state-
of-the-art has evolved. As a result it is conceivable that MRA
and CTA examinations performed later in the study period
were more likely to detect aortic and renal artery narrowings
than examinations performed early in the study period.

Conclusion

We have shown that renal sonography with Doppler appears
to be sensitive for identifying cases of pediatric renin-
mediated hypertension caused by aortic and main renal artery
narrowings. We cannot definitively establish the sensitivity of
renal Doppler US for detecting more distal intrarenal or ac-
cessory renal artery stenoses. Aortic abnormalities were as
common as renal artery narrowings in our population,
suggesting that aortic assessment should likely be mandatory
when performing renal Doppler US for hypertension. Because
both false-positive and false-negative renal Doppler examina-
tions were identified, children with a high clinical suspicion
for renin-mediated hypertension should undergo intra-arterial
digital subtraction arteriography to directly visualize the aorta
and renal arteries, regardless of whether renal Doppler US
findings are positive or negative. If the renal Doppler exam-
ination is negative, intra-arterial digital subtraction arteriogra-
phy is necessary to conclusively exclude the possibility of
renin-mediated hypertension (e.g., caused by intrarenal or
accessory renal artery narrowing). If the renal Doppler exam-
ination is positive, then intra-arterial digital subtraction arteri-
ography is needed to completely evaluate the child’s aorta and
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renal arteries to direct appropriate medical and surgical man-
agement. Because renal US examination can detect several
non-renin-mediated causes of hypertension, it is likely that
this imaging modality will continue to play an important role
in the assessment of hypertensive children and adolescents.

Conflicts of interest None
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