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Summary

Introduction
Ureteropelvic junctionobstruction (UPJO) is oneof the
most frequent urological diseases affecting the pedi-
atric population. It canbedue toboth intrinsic stenosis
of the junction and extrinsic causes such as the pres-
ence of crossing vessels (CVs), which can be detected
by color Doppler ultrasound (CD-US). Magnetic reso-
nance urography (MRU) is a good alternative, but
sedation and infusion of a contrast agent are required.

Objective
The aim of this study was to analyze the diagnostic
accuracy of CD-US and MRU in visualizing CVs in pe-
diatric hydronephrosis, in order to decide the correct
diagnostic pathway in the pre-operative phase.

Material and methods
A retrospective review was performed of medical
records for all patients who underwent surgical
treatment for hydronephrosis from August 2006 to
February 2016. Ultrasound and scintigraphy had
been performed on all patients. Data about CD-US
and MRU were collected. A high-level technology
ultrasound scanner and a 1.5 T MR scanner were
used. The presence of CVs at surgery was considered
the gold standard. Sensitivity, specificity, positive
and negative predictive values (NPV) were
Summary Fig Crossing vessel detection ov
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calculated and reported for both of the imaging
techniques.

Results
A total of 220 clinical charts were reviewed.
Seventy-three CVs were identified at surgery (33.2%
of UPJO). The median age was statistically higher in
the group with CVs compared to the group without
CVs (P < 0.001). The sensitivity and NPV of CD-US in
detecting CVs were higher than MRU (sensitivity
93.3% vs. 71.7%, NPV 95.7% vs. 77.6%, respectively).

Discussion
According to the data, CD-US had higher sensitivity
and NPV than MRU, resulting in superior detection of
CVs. It is important for a surgeon to know that a
child has a CV, especially in older children in which
the incidence of extrinsic UPJO is higher. The main
limitation of this study was the presence of incom-
plete data, due to the retrospectivity.

Conclusions
In the pre-operative phase, the CD-US should be
considered as the investigation of choice to detect
CVs in children with hydronephrosis (Summary Fig).
Moreover, CD-US has lower costs than MRU, and
sedation with infusion of contrast agent is unnec-
essary. For the future, it could be useful to lead a
prospective comparison between the two imaging
techniques.
er the UPJ with color Doppler ultrasound.
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Introduction Materials and methods
Hydronephrosis is dilation of the renal pelvis and calices.
In most pediatric cases it is due to an intrinsic UPJ
obstruction (UPJO) caused by abnormal smooth muscle
development and fibrosis [1,2]. Some authors have pro-
posed that the cause of the stenosis is a reduction in Cajal
cell density, which leads to an alteration of ureteral
motility [3,4]. In intrinsic cases, indications for surgery are
impaired by split renal function (<40%), decrease of split
renal function >10% in subsequent studies, increased
anteroposterior diameter on ultrasound, and grade III and
IV dilatation, as defined by the Society for Fetal Urology
[5,6]. On the other hand, there are some patients with
hydronephrosis caused by extrinsic obstruction secondary
to crossing vessels (CVs), kinks or adhesions over the UPJ
area [7]. Crossing vessels usually originate from the aorta
at a lower site, compared to the main renal arteries, and
these vessels could come in contact with the UPJ, possibly
causing local compression. In these cases, there is usually
a normal antenatal history (without detection of prenatal
hydronephrosis), late onset of clinical signs with inter-
mittent symptoms (including flank pain, hematuria and
urolithiasis), intermittent hydronephrosis on imaging, and
normal kidney function [8]. Preservation of good kidney
function has been attributed to the intermittent course of
obstruction with unimpaired urine drainage during
asymptomatic periods [8].

The majority of patients with surgical hydronephrosis are
scheduled for dismembered pyeloplasty (DP), as described
by Anderson and Hynes in 1949 [9]. In cases with CVs, the
vascular hitch is an alternative to DP, as described by Hell-
strom in 1949, which consists of displacing and fixing the UPJ
in a more distal position [10]. Schneider et al. proposed an
intraoperative classification based on the aspect of the UPJ
and position of the CV, in order to help to choose between
vascular hitch and DP in the laparoscopic treatment of UPJO
[11]. In some cases, the UPJO can be due both to extrinsic
and intrinsic causes and, to date, there are no imaging
techniques or intraoperative procedures available to assess
if the CV is the sole etiology [12]. Magnetic resonance urog-
raphy (MRU) allows detection of patent CVs in pediatric
UPJO, and has good sensitivity [13]. According to Veyrac
et al. color Doppler ultrasound (CD-US) allows recognition of
CVs over the UPJ, and has high sensitivity (92.8%) and good
specificity (76.5%) [14]. Ultrasound is the procedure of
choice for evaluating urinary tract abnormalities in children
and infants. In fact, it is the only method that provides real-
time, direct visualization of ureteropelvic continuity and, at
the same time, CD-US is known to be accurate for demon-
strating the presence and distribution of the vascular supply
to the pediatric kidney [14].

The present study is a retrospective observational
analysis of patients with hydronephrosis operated at the
Giannina Gaslini Children’s Hospital of Genoa, Italy.
Attention was focused on two imaging techniques (CD-US
and MRU) used before the intervention, in order to evaluate
the diagnostic accuracy of detecting presence of CVs.
Discerning between the presence or absence of CVs at the
pre-operative stage could be very important for the
surgeon.
The study retrospectively reviewed data of all children who
underwent surgical treatment for hydronephrosis during
the period August 2006 to February 2016 at the Giannina
Gaslini Children’s Hospital of Genoa, Italy. The indication
for surgery was based on the usual criteria (hydronephrosis
detected with US, with outflow obstruction evaluated with
renal scan or MRU, with/without altered renal function),
and did not depend on the presence or absence of CVs.
Following international guidelines, all patients had been
studied with scintigraphy and urinary tract US. The study
analyzed the operative descriptions of all patients, in order
to find out how many of them had CVs. Qualitative variants
such as age at surgery and sex were analyzed to evaluate
the difference between the group with CVs and the group
without CVs.

The type of operation (Anderson-Hynes DP, Foley non-
DP, Hellstrom vascular hitch, and adhesiolysis) and the
approach to the operation (open, laparoscopic, robotic)
were noted. Attention was focused on two imaging tech-
niques used to study the type of hydronephrosis and to
detect the presence of CVs in the pre-operative phase: CD-
US and MRU. The diagnostic accuracy of both imaging
techniques in detecting CVs was evaluated, in order to
understand if CD-US is sufficient to detect CVs. Sensitivity,
specificity, positive predictive value (PPV) and negative
predictive value (NPV) were also re-calculated in those
patients who were studied with both of the imaging tech-
niques (CD-US and MRU).

Color Doppler ultrasound

In this study, CD-US (Fig. 1) was performed by a single so-
nographer with excellent US experience. Ultrasound had
been performed on all the patients, but the color Doppler
study was missed in those operated between 2006 and
2013, as the institution started using it later.

UPJ could be studied with a frontal approach with the
child in a supine position or with an approach from the back
with the child in a prone decubitus position. The latter is
the approach that is recommend to study renal vessels
because it is more reliable in evaluating the renal artery
from the aortic onset to the intra-renal branches. However,
with the same scan, it is possible to detect the presence of
anomalous supernumerary renal arteries and their relation
with the renal pelvis and UPJ.

A high-level technology ultrasound scanner (Preirus
Hitachi, Tokyo, Japan) with phased array high-frequency
and multi-frequency convex (4e8 MHz) and microconvex
(3e7 mHz) transducers was used. Main and supernumerary
renal arteries were detected by color Doppler, which
allowed visualization and evaluated the blood flow velocity
represented in color scale; pulsed wave Doppler spectro-
gram showed the blood velocity profile in the arterial ves-
sels, providing information about their patency.

Magnetic resonance urography

At the current institution MRU has largely been performed
during the last 10 years, in order to have more anatomical



Figure 1 Color Doppler ultrasound: supernumerary lower
renal artery crossing the UPJ. (For interpretation of the ref-
erences to color in this figure legend, the reader is referred to
the web version of this article.)
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and vascular details in patients with hydronephrosis
(Fig. 2).

Magnetic resonance urography exams were performed
on a 1.5 T MR scanner (InteraAchieva, Philips, Eindhoven,
The Netherlands). The coils were selected according to
patient size and included: a Phased Array sense hearth
Figure 2 Coronal Maximum Intensitive Projection recon-
struction of an appropriate Gradient Echo 3-dimensional
sequence after gadolinium injection in a 12-year-old boy with
recurrent right lumbar pain. Note the right accessory inferior
polar artery which crosses the right UPJ with hydronephrosis.
(32-channel), pediatric (8-channel) body coils, and a flex
M sense Phased Array (2-channel) coil. The magnetic
resonance protocol included: scout images of the entire
abdomen in all three planes; shot spair axial, coronal
and sagittal sequences, and Turbo Spin Echo (TSE) T2
high-resolution respiratory trigger coronal sequence on
both kidneys to define parenchymal structure; a hydro-
graphic three dimensional (3-D) T2 heavily weighted
respiratory trigger sequence with fat saturation for a
detailed depiction of the dilated urinary tract; a trig-
gered angiographic non-contrast enhanced cardiac elec-
trocardiogram (ECG)-triggered Balanced Turbo Field Echo
(BTFE) sequence and a gradient-echo 3-D T1 angio-MRI
(magnetic resonance imaging) sequence to study renal
arteries and identify the accessory polar artery; and
a Gradient Echo (GRE) 3-D T1 MRU urographic sequence
for post-contrastographic-urographic assessment of the
urinary tract. For angio-MRI, gadolinium (Gadoter-
atemeglumine, Gd-DOTA, DotaremGuerbet S.A) was
injected at a dose of 0.2 cc/kg. Post processing Multi-
planar reconstruction (MPR), Maximum Intensitive Pro-
jection (MIP) and 3-D angiographic reconstruction of the
angiographic sequence were performed using a dedicated
workstation (Aquarius Intuition Edition release 4.1 Ter-
arecon inc).

Statistical analysis

Descriptive statistics were reported in terms of absolute
frequencies or percentages for qualitative data, and me-
dians with first and third quartiles for continuous quanti-
tative data. Pearson’s Chi-squared test (or Fisher’s Exact
test in cases of expected frequencies <5) was used to
compare categorical data. In order to compare quantitative
data (age at surgery) between the two groups of patients
(with or without CVs), the non-parametric ManneWhitney U
test was used, due to not-normally distributed data; the
ShapiroeWilk test was used to analyze normality of the
distributions.

The sensitivity was calculated as the ratio between the
number of true positive cases divided by the total number
of CVs identified at surgery. The specificity was calculated
as the ratio between the number of true negative cases
divided by the total number of patients without CVs
identified at surgery. Positive predictive value was calcu-
lated as the ratio between the number of true positive
cases divided by the total number of patients identified as
positive by the imaging technique. Negative predictive
value was calculated as the ratio between the number of
true negative cases divided by the total number of patients
identified as negative by the imaging technique. All sta-
tistical tests were two-sided, and P-values <0.05 were
considered to be statistically significant. The software
‘Statistica’ (release 9.0 StatSoft Corporation, Tulsa, OK)
was used for all analyses.

Results

During the period August 2006 to February 2016, 220 chil-
dren with hydronephrosis (140 males, 80 females,
M:F Z 1.75:1) underwent surgery at the current institution;



Table 1 Age at surgery and sex of children in groups with and without crossing vessels (CV).

Crossing vessel Intrinsic hydronephrosis P-value

Median age (1ste3rd quartile) 63.9 (17.77e115.58) months 15.67 (6.74e52.93) months <0.001#

Male 44 (31.4%) 96 (68.6%) ##

Female 29 (36.2%) 51 (63.8%) ##

# P-value refers to the ManneWhitney U test.
##P-value refers to Chi-squared: P Z 0.47.
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CVs were detected during surgery in 73 cases (33.2%). No
differences in terms of sex were present between the
groups with and without CVs, while the median age was
statistically different between the two groups (P < 0.001)
(see Table 1). In the group with CVs, the clinical presen-
tation was characterized by intermittent lumbar pain in 51/
73 cases (69.8%).

In the group with CVs, the following had been per-
formed: 37 Hellstrom vascular hitches, 25 Anderson-Hynes
pyeloplasties, six adhesiolyses, and five Foley pyelo-
plasties. The utilized approach was open in 34, laparo-
scopic in 34, and robotic in five patients (Fig. 3). Two
vascular hitches were re-operated: one patient underwent
a DP and another one was subjected to nephrectomy
because of compromised renal function (already present
before the vascular hitch). In the group without CV, the
following were performed: 0 Hellstrom vascular hitches,
134 Anderson-Hynes pyeloplasties, four adhesiolyses, eight
Foley pyeloplasties, and one nephrectomy. The utilized
approach was: open in 106, laparoscopic in 37, and robotic
in four patients. Re-operation was needed in six patients
(five pyeloplasties and one adhesiolyses).

Color Doppler ultrasound

Analyzing the clinical charts, CD-US had been performed in
15/73 patients with CVs (20.5%) and 24/147 patients
without CVs (16.3%). Data about CD-US are reported in
Table 2. The sensitivity and specificity were 93.3% and
91.7%, respectively. Positive predictive value and NPV were
87.5% and 95.7%, respectively.
Figure 3 Robotic image: supernumerary lower renal hilum
crossing the UPJ.
Magnetic resonance urography

Analyzing the clinical charts, MRU had been performed in
46/73 patients with CVs (63%) and 48/147 patients without
CVs (32.6%). Data about MRU are reported in Table 2. The
sensitivity and specificity were 71.7% and 93.8%, respec-
tively. Positive predictive value and NPV were 91.7% and
77.6%, respectively.

Patients with both imaging techniques

Both imaging techniques had been used for 25/220 patients
during the pre-operative phase. Data are reported in Table
3. The CD-US sensitivity and NPV were higher compared to
MRU, while specificity and PPV were lower.

Discussion

UPJ obstruction is one of the most frequent urological
diseases affecting the pediatric population, and it is
the most common pathological cause of neonatal hydro-
nephrosis, with an overall incidence of 1:1500 [5]. Ac-
cording to data available in the literature, the presence of
CVs in patients with hydronephrosis ranges from 11 to 58%
in different cohorts. The current study found the presence
of CVs in one third of the children operated for hydro-
nephrosis in a 10-year period; this data can be considered
reliable due to the large number of the sample. The
collected data confirm that in those cases with CVs, the
symptomatology appears later with intermittent lumbar
pain, in fact the median age at surgery was statistically
higher compared to the group without CVs (63.9 vs. 15.7
months). No statistically significant differences were found
in the sex of patients, with a higher incidence of hydro-
nephrosis in males (M:F Z 1.75:1).

Analyzing the clinical charts of patients with CVs at the
moment of surgery, CD-US had a very high sensitivity and
high NPV in detecting CVs (93.3% and 95.7%, respectively)
as also assessed by Veyrac et al., in 2003 [14]. Concerning
MRU, sensitivity and NPV were lower than CD-US (71.7% and
77.6%, respectively). Magnetic resonance urography is a
good imaging technique that gives important anatomical
information; however, it is more expensive than CD-US and
a contrast agent is required. Moreover, sedation is needed
in very young children. The gadolinium contrast agent that
is used at the current institution is gadoterate meglumine,
a macrocyclic paramagnetic gadolinium-based contrast
agent that is considered safe and effective when intrave-
nously administered, without risk of nephrogenic systemic
fibrosis [15]. Both imaging techniques had been used in 25



Table 2 Diagnostic accuracy of color Doppler ultrasound and magnetic resonance urography in identifying crossing vessels.

Hydronephrosis with CV at surgery Hydronephrosis
without CV at surgery

Total PVs

Color Doppler
ultrasound

Presence of CV: 14 2 16 PPV Z 87.5%
Absence of CV: 1 22 23 NPV Z 95.7%
Total 15 24 39

Sensitivity Z 93.3% Specificity Z 91.7%
Magnetic resonance

urography
Presence of CV: 33 3 36 PPV Z 91.7%
Absence of CV: 13 45 58 NPV Z 77.6%
Total 46 48 94

Sensitivity Z 71.7% Specificity Z 93.8%

CV Z crossing vessel; PVs Z predictive values; PPV Z positive predictive value; NPV Z negative predictive value.
Color Doppler ultrasound sensitivityZ 93.3% [14/15 � 100]; specificityZ 91.7% [22/24 � 100]; PPVZ 87.5% [14/16� 100]; NPVZ 95.7%
[22/23 � 100].
Magnetic resonance urography sensitivity Z 71.7% [33/46 � 100]; specificity Z 93.8% [45/48 � 100]; PPV Z 91.7% [33/36 � 100];
NPV Z 77.6% [45/58 � 100].

Table 3 Diagnostic accuracy of color Doppler ultrasound and magnetic resonance urography in identifying crossing vessels in
patients with both imaging techniques.

Hydronephrosis with CV at surgery Hydronephrosis
without CV at surgery

Total PVs

Color Doppler ultrasound Presence of CV: 12 1 13 PPV Z 92.3%
Absence of CV: 0 12 12 NPV Z 100%
Total 12 13 25

Sensitivity Z 100% Specificity Z 92.3%
Magnetic resonance

urography
Presence of CV: 11 0 11 PPV Z 100%
Absence of CV: 1 13 14 NPV Z 92.8%
Total 12 13 25

Sensitivity Z 91.6% Specificity Z 100%

CV Z crossing vessel; PVs Z predictive values; PPV Z positive predictive value; NPV Z negative predictive value.
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of 220 patients. Within this group the sensitivity of CD-US
remained higher compared to MRU, even if with lower dif-
ference. The data showed that CD-US has a higher sensi-
tivity than MRU in visualizing CVs in UPJO; therefore, CD-US
should be considered the investigation of choice, as it is
less expensive, risk-free and has a higher sensitivity and
NPV than MRU.

Although the indications for surgery for UPJO were
beyond the scope of this report, it is important to underline
that it is useful for a surgeon to know that a child has a CV
before the operation. In the last few years many authors
have wondered whether a Hellstrom vascular hitch can be
considered a valid alternative to DP [11,12,16e18], espe-
cially considering the advantages of this technique: surgical
repair without opening the collecting system, leaving the
UPJ intact, avoiding the technical challenge of ureter-
opelvic anastomosis, and presumably reducing the compli-
cation rate and operative time [17]. In the current study,
the detection of CVs at the time of surgery was considered
the gold standard, even if it could sometimes be difficult to
determine whether they were an incidental finding or
played a significant role in the obstruction [17]. It is not
mathematically possible to evaluate whether a CV is
obstructing the UPJ or only located near to it without any
functional compression. After vascular dislocation, the only
confirmation is dilation of the UPJ due to intravenous
infusion of liquid during the operation. In fact, if the CV is
the only cause of the obstruction, the pelvis shows a
reduction in dilation after the vascular hitch. For this
reason, an anterior transperitoneal approach is preferred
[19]. Open DP is still considered the gold standard, even if
some surgeons now prefer to perform a vascular hitch in the
presence of CVs.

This study had some limitations. First, it was conducted
in a retrospective way with all the limits that a retrospec-
tive analysis can have, especially the lack of complete
data. Moreover, the samples of CD-US and MRU were
different both in number and subjects. The low number of
CD-US examinations in these patients was due to the fact
that attention to the possibility that a supernumerary renal
vessel crossing the UPJ could be detected by color Doppler
only in the last 3 years.
Conclusions

Color Doppler ultrasound is an imaging technique with
excellent sensitivity and NPV in detecting CVs in children
with hydronephrosis. Considering that CD-US has higher
sensitivity than MRU, CD-US should be considered sufficient
to detect the presence of CVs. However, MRU could be
indicated in older children with intermittent lumbar pain,
hydronephrosis on US, but without finding a CV on color
Doppler. In the future, in order to overcome the above-
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mentioned limits, it could be useful to perform a double-
blind prospective trial in which older symptomatic children
with moderate-severe hydronephrosis will be subjected to
both imaging techniques.
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