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Objective: The aim of this study was to find out on an unselected patient group
whether crossing vessels have an influence on the width of the renal pelvis and what
independent predictors of these target variables exist.
Methods: In this cross-sectional study, 1072 patients with arterially contrasted CT
scans were included. The 2132 kidneys were supplied by 2736 arteries.
Results: On the right side, there were 293 additional and accessory arteries in 286
patients, and on the left side there were 304 in 271 patients. 154 renal pelves were
more than 15 mm wide. The greatest independent factor for hydronephrosis on one
side was hydronephrosis on the contralateral side (p,0.0001 each). Independent
predictors for the width of the renal pelvis on the right side were the width of the renal
pelvis on the left, female gender, increasing age and height; for the left side, predictors
were the width of the renal pelvis on the right, concrements, parapelvic cysts and great
rotation of the upper pole of the kidney to dorsal. Crossing vessels had no influence on
the development of hydronephrosis. Only anterior crossing vessels on the right side are
associated with widening of the renal pelvis by 1 mm, without making it possible to
identify the vessel as an independent factor in multivariate regression models.
Conclusion: The width of the renal pelvis on the contralateral side is the strongest
independent predictor for hydronephrosis and the width of the renal pelvis. There is no
link between crossing vessels and the width of the renal pelvis.
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Obstructions of the ureteropelvic junction (UPJ) can be
caused by intrinsic or extrinsic factors [1]. Although there
are no studies of this to date, crossing the UPJ by an
aberrant crossing vessel is considered the most important
[2] of the extrinsic factors [3]. Crossing vessels, which are
thought to cause from 40% to over 50% of the extrinsic UPJ
obstructions in adults [4, 5], are located ventral more often
than dorsal to the UPJ. These are usually normal vessels of
the lower pole segment [4, 6–9], which can be divided into
additional renal arteries arising from the aorta, and
accessoric renal arteries arising from branches of the aorta
[10, 11]. The primary surgical therapy of choice is endos-
copic endopyelotomy [12]. The success rate of 89–90%
[12, 13] is thought to be noticeably poorer in patients with
crossing vessels [12, 13]; however, this is not undisputed
[14, 15]. Be that as it may, to prevent bleeding complica-
tions it is necessary to be familiar with the vascular
situation around the UPJ prior to the procedure [3, 16–18].
CT angiography is used for this purpose, as it is highly
accurate, quick to perform and shows all relevant ana-
tomical structures in relation to one another [3, 19, 20].

The objective of this study was to determine whether or
not there are vascular morphological patterns or other
factors that influence the width of the renal collecting
system, regardless of the definitions of hydronephrosis.

Methods and materials

Patients

Between February 2007 and March 2008, 1072 con-
secutive patients were included in the observation study.
Of these, 473 were female (44.1%) and 599 were male
(55.9%) with an average age of 59.5¡17.6 years (range
1.7–99.4 years). Of these patients, 3.1% (n532) were
children younger than 18 years. The indications for the
CT scans were tumours for 288 (26.8%) of the patients,
vascular pathologies for 221 (20.6%), pathologies of the
liver for 213 (19.9%), haemorrhaging for 33 (3.1%) and
various other causes for 317 (29.6%). The study was
conducted subject to the guidelines of the Declaration of
Helsinki. The study had no influence on the indication
and execution of the CT scans or on the treatment of
patients. Institutional ethical approval was waived as
the study had no influence on treatment, and our
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institutional ethical review board did not require its
approval for this retrospective cross-sectional study. All
patients signed a written informed consent form before
the examination.

Imaging

All examinations were conducted on the same 64-slice
multidetector CT scanner (Lightspeed VCT XT, Gene-
ral Electric, Milwaukee, WI) and included at least an
arterial-phase scan. Table 1 summarises the frequency
and the details of the protocols that were used. The
0.625-mm collimated source images were saved tem-
porarily on a General Electric workstation (AW 4.4,
General Electric) in order to be able to perform refor-
mations retrospectively from the pictures if this turns out
to be clinically necessary.

Execution and design of the study

The study was designed as a retrospective cross-
sectional study. If an examination fulfilled the inclusion
criterion of a density of .200 HU in the aorta at the level
of the renal arteries, the 0.625 mm collimated, temporarily
saved source images were sent to the Picture Acquisition
and Communication System (PACS). This was done once
a week, retrospectively. Image analysis and all prelimin-
ary examinations were carried out on a diagnostic monitor
(Lenovo 6659 HG2, IBM, Raleigh, Morrisville, NC) by a
consensus of two radiologists with a wide experience of
abdominal CT imaging stemming from several thousand
examinations. For 1026/1072 patients (95.7%), there was
more than one examination in the PACS. These examina-
tions added up to a total of 4658 abdominal CT scans
(4.3¡4.2 examinations/patient; range 0–30). 3D-PACS
software (Tiani 3D PACS software, version 3.3.16, Agfa-
Gevaert N.V., Mortsel, Belgium) was used for the
assessment of the examinations.

Inclusion and exclusion criteria

Inclusion criteria were a contrast of .200 HU in the
aorta in the arterial phase and the existence of a venous
contrast medium phase also with collimation of 0.625
mm. The 64-slice multidetector CT scanner was chosen to
generate an unselected patient group consisting of 1600
patients because, owing to its location, this device is not
used for urology or nephrology patients. Exclusion

criteria were not reaching the threshold (468/1600
patients; 29.25%), incomplete visualisation of the uro-
genital system, movement artefacts, poor delimitation of
a ureter or renal pelvis and technical defects (18/1600
patients; 1.125%). If there were any known diseases of
the kidneys or the urinary tract prior to the examination,
or if the indication for the examination was related to
them, this also led to exclusion (31/1600 patients; 1.94%).
None of these 31 patients suffered from hydronephrosis
or obstruction of the UPJ. 11 patients with diseases of the
renal parenchyma were excluded. No patient with
dilatation of the renal pelvis was excluded. Consequ-
ently, the CT scans of 1072 patients without any sym-
ptoms with respect to the kidneys or urinary tract were
assessed. Patients with a creatinine level .2 mg dl–1

were not examined.

Vessel contrast

In the 1072 CT scans, contrast of the vena cava was
110.2¡58.4 HU; contrast of the aorta at the level of the
renal arteries was 301.5¡77.3 HU.

Parameters analysed and definitions

The primary target values were the width of the renal
pelvis in the axial plane and the width of the ureters
immediately caudal to the infundibulum; secondary
target parameters were hydronephrosis and UPJ obstruc-
tion. The width of the renal pelvis (i.e. the anterior-
posterior (AP) diameter) was measured in the axial
plane, in the area where the pelvis leaves the kidney (as
shown in Figure 1). Possible influencing factors that
were compiled were age, gender, number of additional
or accessory renal arteries from the aorta or its branches
on each side and their relation to the renal pelvis or
ureter, renal veins, rotation status of the renal pelvis in
the axial scans in relation to a sagittal medial plane,
rotation status of the kidney in relation to a coronal
plane, diameter of the vena cava, length of the kidneys,
width of the parenchyma, position related to the spine,
infarctions, parapelvic cysts and concrements.
Additional and accessory renal arteries were counted
based on Satyapal’s definition [10, 11]. The definition of
hydronephrosis was a width of the renal pelvis >15 mm
[13], which was met by 154/2132 pelves (7.2%). Pelves
with diameters ,15 mm but with clearly obstructed
calyces did not occur. Pelves with diameters .15 mm
combined with dilated ureters did not occur owing to

Table 1. Scan protocols, scan parameters and frequency

Protocol Liver CT angiography Pancreas Protocol 4 Protocol 5

ST of native phase 5 mm – 5 mm – 5 mm
ST of arterial phase 0.625 mm 0.625 mm 0.625 mma 0.625 mm 0.625 mm
ST of portal-venous phase 5 mm 5 mm 5 mm 5 mm 5 mm
ST of venous phase 2.5 mm – – – –
Contrast media Iodixanol 320 Iodixanol 320 Iodixanol 320 Iodixanol 320 Iodixanol 320
Noise index 20/16/18 40/18 20/16/18 16/18 20/16/18
Number of patients 444 371 134 35 88
Percentage of patients 41.4 34.6 12.5 3.3 8.2

aModified to show the pancreas with an extra delay of 3 s before the arterial phase.
ST, slice thickness.
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the design of the study. A second definition of
hydronephrosis was the occurrence of calyceal splaying,
because criteria of obstruction are difficult to define with
precision [13]. Measurements of ureteric and pelvic
width are not always reliable, as these are dynamic
structures and are influenced by factors such as
peristaltic movement and hydration. However, the
degree of reproducibility of the data taken from patients
with more than one CT scan was good, as indicated by a
correlation coefficient of p50.74 between the width of the
pelves of the same patients obtained from examinations
with an interval of 6.3¡3.7 months. Owing to the
pronounced variability of the arborisation of the renal
arteries in patients without additional or accessory renal
arteries, we abstained from the classification of branches
of the renal arteries into kinds with and without a
principle inferior branch [21].

Statistics

Descriptive statistics were calculated using the Excel
program (Microsoft, Seattle, WA). The Kolmogoroff–
Smirnov test was used for the distribution analyses of
the data. Group comparisons were made using t-tests
where appropriate and indicated, comparisons of seve-
ral groups were made using the one-way analysis of
variance (one-way ANOVA) with post hoc Dunn test
(GraphPad Prism version 4.00, GraphPad Software, San
Diego, CA). Different multivariate logistic regression
models with the target variable ‘‘hydronephrosis’’ were
adapted, taking all existing combinations of crossing
arteries and veins into consideration as covariates. Then,
the variables with probability values of more than 0.10

were excluded in a forward stepwise variable selection
procedure (SPSS 15, SPSS Inc., Chicago, IL). Finally, to
identify influencing factors on the target variables width
of the renal pelvis (WRP) and ureter width, multiva-
riate regression models were adapted using a forward
stepwise selection procedure. All values were given as
mean value ¡ standard deviation; p,0.05 was consid-
ered statistically significant.

Results

Kidneys, renal pelves and ureters

In the patients studied, 2132 kidneys were found
(1065 on the right and 1067 on the left side), as 13
patients (1.2%) possessed only one kidney. The renal
pelves were 8.81¡4.64 mm wide on the right side and
8.48¡5.46 mm on the left side (p,0.0001); the right
ureters were 3.15¡1.18 mm wide and the left ureters
were 3.07¡1.15 mm wide (p50.0128). The renal pelves
on both sides were wider in women than in men
(right 9.63¡4.77 vs 8.18¡4.44 mm, p,0.0001; left 8.96¡
5.96 vs 8.11¡5.02 mm, p,0.0001), but the ureters were
not (right 3.13¡1.36 vs 3.17¡1.03, p . 0.05; left
3.02¡1.06 vs 3.11¡1.22, p.0.05). 154/2132 renal pelves
(7.2%) were wider than 15 mm (78 on the right and 76 on
the left side) and therefore considered to be ‘‘hydrone-
phrotic’’ by definition. There was no hydronephrotic
kidney that showed calyceal splaying without widening
of the pelvis.

Renal vessels

There were 1065 main renal arteries on the right side
and 1067 on the left side. In 262 patients (24.4%) there
were 287 additional (Figure 2) and 6 accessory renal
arteries on the right side, whereas on the left side there
were 298 additional and 6 accessory renal arteries in 271
patients (25.3%). Two arteries on the right side and five
arteries on the left side showed no relation to the ureters
or the renal pelvis. Table 2 lists the vessels and their
relation to the lower urinary tract.

Width of the renal pelvis in relation to the vascular
situation

The differences in the width of the renal pelvis in
relation to crossing arteries (Figure 3) were small on both
sides, and were not significant on either side in the
univariate analyses including all groups (p.0.05 on both
sides, one-way ANOVA). Only in the group of patients
with right anterior pre-pelvic crossing arteries was there
a widening of the renal pelvis by 1.0 mm (9.8¡4.4 mm;
p.0.05) in comparison with the group of patients
without crossing arteries (8.8¡4.8 mm), a difference that
was statistically significant in the post hoc Dunn
test (p,0.05). The width of the ureters on the right was
unrelated to the vascular situation (p.0.05; one-
way ANOVA); on the left side, the width was smaller
when there were anterior crossing vessels (p50.0107;
one-way ANOVA). Crossing vessels were found with
the same frequency in the groups with and without

Figure 1. The width of the renal pelvis was measured in the
axial plane in the area where the pelvis leaves the kidney.
Perpendicular to the ‘‘longitudinal axis’’ drawn in the image,
the largest distance between a point on the anterior wall of
the pelvis (‘‘A’’) and another point on the posterior wall
(‘‘B’’) was taken as a measure for the AP (anterior-posterior)
diameter of the renal pelvis. In each case, the CT slice
showing the largest distance between the anterior and the
posterior wall of the pelvis was chosen for the measurement.

Effect of crossing vessels on width of the renal pelvis
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hydronephrosis (p.0.05; x2 test). The findings were the
same in children and adults.

Factors influencing hydronephrosis

In the logistical regression models, an independent
influencing factor for the right kidney was, in addition to a
cranial position of the kidney, hydronephrosis of the left
kidney; an influencing factor for the left kidney, in
addition to the presence of concrements, was hydrone-
phrosis of the right kidney (Table 3). Independent of the
definition of hydronephrosis, the width of the renal pelvis

on the contralateral side was similarly significant in each
case (Table 3). Crossing vessels did not play any role as
influencing factors for the variable ‘‘hydronephrosis’’.

Factors influencing the width of the ureters

Positive independent influencing factors for the
diameter of the ureters on the right side were
multivariate stepwise regression models of the width of
the renal pelvis on the right, concrements, the width of
the renal parenchyma, cranial position of the kidney and
diameter of the vena cava. On the left side the widths of

(a) (b)

(c) (d)

Figure 2. Coronal maximum-intensity projection reconstruction of the right kidney in an arterial phase showing an additional
renal artery (a), which passes by the caval vein (*) and the ureteropelvic junction (arrow) anteriorly (b). Coronal maximum-
intensity projection reconstruction of another right kidney in an arterial phase showing an additional renal artery (c), which
passes by the caval vein (*) anteriorly but by the ureter (arrow) posteriorly (d).
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the renal pelvis and the parenchyma were positive
factors. The total number of renal arteries was a weak
negative factor (p50.0007; Table 4).

Factors influencing the width of the renal pelvis

Positive independent influencing factors on the width
of the renal pelvis on the right side were the width of the
renal pelvis on the left, female gender, increasing age
and height. On the left side, these factors were the width
of the renal pelvis on the right side, concrements,
parapelvic cysts and a greater dorsal rotation of the
upper pole of the kidney (Table 4).

Discussion

This study shows that most arterial vascular variants
have no verifiable influence on the width of the renal
pelvis. Only pre-pelvic crossing arteries on the right side
result in a weak and insignificant widening of the renal
pelvis. A strong positive independent influencing factor
for the width of the renal pelvis is the width of the renal
pelvis on the contralateral side and for the development of
hydronephrosis is hydronephrosis on the contralateral
side. The other independent factors with respect to the
width of the renal pelvis (i.e. age, height and female
gender for the right side and concrements, parapelvic
cysts and the rotation status of the kidney on the left side)
and with respect to the development of hydronephrosis
(i.e. the position of the kidney for the right side and
concrements for the left side) are less significant. With
respect to the width of the ureters, crossing arteries on the
left side are a weak, but independent, negative influencing
factor. Positive independent influencing factors are, for
the right side, the width of the renal pelvis and the
parenchyma, concrements, cranial position of the kidney
and the diameter of the vena cava as a surrogate for the
intravasal volume; for the left side, positive independent
influencing factors are the width of the parenchyma and
the renal pelvis. There is no correlation between width of
the renal pelvis and crossing vessels.

Despite numerous examinations that place the fre-
quency of extrinsic UPJ obstruction between 15% and 70%
of all obstructions [5, 8, 13–16, 22–26], the question as to
whether they could actually cause hydronephrosis or are
found merely by coincidence in patients with an intrinsic
UPJ obstruction remains unanswered [7, 12, 27]. This was
because, for these studies, usually designed retrospec-
tively, only patients with a manifest UPJ obstruction were
included and not patients without UPJ obstruction for
comparison. Angiographies and intraoperative observa-
tions of these symptomatic patients frequently led to the
diagnosis of crossing vessels, which quickly gave rise to
the logical step of assuming aetiological significance [28].
Angiography, which has been available for many decades,
and later digital subtraction angiography, enables super-
ior visualisation of the arteries, but not of their exact
relation to the surrounding uncontrasted soft-tissue struc-
tures. Simultaneous contrasting of the renal system does
make it possible to diagnose whether a vessel crosses
ventrally or dorsally to the ureter, but the invasiveness of
the examination and the exposure time required forT
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alignment rule out using this method as a comparative
means of diagnosing non-symptomatic patients. For a
long time it was difficult to achieve a usable study design
and this became possible only with the increasing use of
spiral CT technology.

The larger width of the renal pelvis in patients with
ventral crossing arteries on the right side found in this
study supports the hypothesis that the renal collecting
system can be compressed and angulated by a ventral
crossing vessel, leading to outflow obstruction [8].
However, the clinical significance of this slight effect is
doubtful at the least — neither crossing vessels lying
anterior to the renal collecting system nor crossing vessels
running anterior and posterior to the renal system are
factors that cause the development of hydronephrosis,
although it could be expected that especially the latter
‘‘pinching’’ situation would be associated with a measur-
able widening of the renal pelvis. Hydronephrosis as a
strong independent predictor for hydronephrosis on the
contralateral side, with odds ratios of .90 each, is more
indicative of an intrinsic factor that is present in both UPJs.
Another argument against the significance of crossing
vessels is the incidence of crossing vessels at the UPJ
described in the literature, as they actually coincide well
with the frequencies of additional and accessory renal
arteries between 10.4% and 56% indicated in the literature
[29–34], but do not exceed them.

The main drawback of the present study is the fact that
only 3.1% of the 1072 patients were children, while UPJ
obstruction has a major role especially in foetuses, in the
neonatal period [35, 36] and in childhood [25]. The
reason for this omission is that children are rarely
examined by CT scan owing to exposure considerations.
If such examinations are carried out, various measures
are taken to reduce exposure. Often, protocols are made
with only a parenchymal contrast-medium phase or, if
possible, low dosage protocols with high noise ratios are
chosen, which were not suitable for this study. Thus, the
results cannot be transferred to newborns and children.
The results need to be verified for this age group,
although the findings were the same in children and in
adults. The frequency of widened pelves in the study
population correlates well with the known prevalence of
urinary tract obstruction in autopsy studies [37].

Conclusion

In summary, it can be stated that, on both sides, only
hydronephrosis on the contralateral side is a strong
independent predictor for the development of hydrone-
phrosis; in general, for the width of the renal pelvis, only
the width of the renal pelvis on the contralateral side is a
strong independent predictor. Several other independent

(a) (b)

Figure 3. Width of the renal pelvis on the right side subject to the different groups of crossing arteries (CA) (a) on the right and
(b) on the left side. ns, not significant.

Table 3. Independent predictors of hydronephrosis on both sides

Predictor Odds ratio Significance (p-value)

Hydronephrosis on the right side Hydronephrosis on the left side 91.1 ,0.0001
Level of the centre of the pelvis in relation

to the spine (cranial position)
4.8 0.028

Hydronephrosis on the left side Hydronephrosis on the right side 92.1 ,0.0001
Parapelvine cysts 17 ,0.0001
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predictors such as age, height, gender, concrements and
parapelvic cysts play a subordinate role as to the extent of
their influence. Crossing vessels do not give rise to a
widening of the renal pelves or ureters in adulthood. Only
patients with a right anterior crossing vessel display a
slight widening of the renal pelvis; this is significant in a
univariate approach, but is not retained as an independent
factor in multivariate regression models.
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